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EXECUTIVE SUMMARY

The smooth green snakepheodrys vernalis, is a small enigmatic snake found
throughout much of the northern and eastern UrStatkes and southeastern Canada. Isolated
populations occur in the Great Plains, Rocky Moimsteand uplifts associated with the Rocky
Mountains, such as the Black Hills and Bear LodgriMains in southwestern South Dakota
and northeastern Wyoming. There has long beerusaif over the taxonomic placement of the
species and it has historically been placed ingemera, with three described subspecies, with
different taxonomies used according to authorthéhmost recent analysis of morphological
variation within the species, Grobman (1992a) aetet! that Black Hills populations are
distinct from Great Plains populations but are Entio populations found east of the Great
Plains, a paradoxical conclusion. Of addition&iiest, anecdotal reports indicate that the
species may be in decline rangewide, althoughxbeneof this is difficult to determine. It
appears to be quite rare in much of its rangeopatih still relatively commonly encountered at
our collection sites in the Black Hills, Bear Lodg®untains, and Sugarite Canyon, in northern
New Mexico. We concluded that DNA analysis mighed light on genetic variation across part
of the range of this snake, especially within Sdb#kota, thereby clarifying some of the
taxonomic issues. To manage any species effegtitvisl important to know which populations
are distinctive enough to warrant special manageéec@rsideration. Also important to
management is knowledge of the distribution anchdbace of the snake. Although the study
was not designed to provide data on distributicsh @vundance, our collecting experiences were
enlightening.

We collected snakes throughout the Black Hills (augest collection) and Bear Lodge

Mountains, as well as adjacent to the Ordway Rr&reserve (near Leola, north-central South



Dakota), and a reference population from SugaraeyGn, northern New Mexico. We removed
small samples of the tail tips from these specinfiengenetic analysis and released snakes at the
sites of capture. In addition, colleagues sergpesimens from Utah, Montana, Nebraska, and
New York. We analyzed variation in mitochondridl® (mtDNA), splitting the samples into
four geographic locations for analysis: Black siiBear Lodge Mountains, Ordway Prairie, and
northern New Mexico. DNA was extracted from othpecimens donated from around the
country, but sample sizes were too low to includéhe analysis of microsatellite variation.

Analyses of mtDNA sequence variation did not supg recognition of distinct sub-
species for any of the populations included ingtugly. Thus, we concluded that smooth green
snakes from the Black Hills of South Dakota anarfrordway Prairie, eastern South Dakota,
were not separate sub-species. However, analy8isniérosatellite loci indicated population-
level differences among these four smooth greekespapulations. Statistically significant
differences in allelic variation were shown in atlalyses used to assess population structure, but
there was some ambiguity in the exact nature otifadion structure amongst our samples. It
was clear that the New Mexican population was gealgt distinct from all other populations.
We also concluded, based on STRUCTURE analysig~almdmparisons, that the Black Hills
and Bear Lodge Mountains populations likely repnése a contiguous population, and also
were distinct from samples collected at Ordwayri&aPrevious reports suggesting a transition
of the western formd. v. blanchardi) to the eastern fornQ v. vernalis) in Wisconsin and
Minnesota appear to be inaccurate.

Further explanation of our statements on the abwwlaf the smooth green snake is
warranted. It can commonly be found in suitabl@tiver (most often in cooler and wetter

weather during spring and fall) in Sugarite Canydew Mexico; the Black Hills; and the Bear



Lodge Mountains. It appears to be rare and loedlin the Great Plains. Anecdotal reports
indicate that the smooth green snake may be conm&sme parts of Maine, but uncommon in
many areas east of South Dakota. Because the shedrely observed in the eastern United
States we are missing critical data that would abbyphelp resolve taxonomic issues. The
smooth green snake is probably limited to mesiathghlwhich may account for its scarcity in
the Great Plains, where appropriate habitat iscecaWe cannot explain why it is rare across
much of the northeast, but colleagues across st®earange consistently commented that it was
rarely or never found at various localities eaghefeastern South Dakota border. Our
comments on abundance should be taken with casiti@e we performed no population density
estimates and many reports on abundance were aakctimwever, we feel that the weight of
the evidence suggests that the species is raramy parts of its range, while spottily abundant
in the Black Hills, Bear Lodge Mountains, and ag&ute Canyon.

Analyses of the genetic data provide some evidématethe Ordway Prairie and Black
Hills populations in South Dakota are geneticalltidct and thus management strategies should
take this into account. As a result, we recomntlatiresource managers treat the snake as a
species worthy of special management. Addition#tlg snake is rarely observed at many
localities and we presume that it is generally raréne Great Plains. Holocene climate data
indicate that preferred habitat for the smooth gragake has been disappearing over the last
10,000 years in the Great Plains, and we conchatepopulations there are relictual. Of
importance, models of climate change in the nortligeat Plains indicate a warmer and drier
climate in the near-term (next 50 years), likelysiag further population declines.

It is doubtful that this species disperses conaialerdistances and it is probably

restricted to mesic conditions in which it livegdahrough which it moves. However, detailed



natural history studies have not been completedfortunately, the ecology of small snakes is
poorly known, so we cannot draw any conclusionsiatiee biology of the smooth green snake
based on similar model organisms. We suggestdugtudies of genetic variation within this
species as well as detailed ecological studiesamlimore about the natural history of the

smooth green snake.



INTRODUCTION

The smooth green snak@épheodrys vernalis, is a small, enigmatic snake found
throughout the northeastern United States and sastérn Canada and in 24 isolated localities
throughout the Midwest, northern Great Plains, Rndky Mountain west (Conant and Collins
1998, Ernst and Ernst 2003, Stebbins 2003). It haawe declined throughout much of its range
and is now protected in Indiana, Missouri, Montadasth Carolina, and Wyoming (Ernst and
Ernst 2003). Its status is poorly known in IdaBonst and Ernst 2003). Smooth green snakes
are thought to be secure in Colorado (Hammersof)188 New Mexico (Degenhardt et al.
1996), but records are sparse. Declines haveylod@turred in lllinois (Phillips et al. 1999) and
New York (Pete Ducey, State University of New YatkCortland, personal communication).
Smooth green snakes are thought to be very rddgaim (Daniel Mulcahy, Utah State
University, personal communication) and Nebraskan(Bogell, personal communication), and
very rare or perhaps extinct in northern Mexicangtbon Campbell, University of Texas at
Arlington, personal communication). In contrasho®th green snakes are relatively abundant in
the Black Hills of South Dakota and Wyoming andhe Bear Lodge Mountains of Wyoming
(Smith unpublished), though highly localized. Stiogreen snakes also occur on the eastern
plains of South Dakota but their status there mriydknown. Evidence of declines across the
range is cause for concern. Declines may be coehéa pesticide use (Minton 1972, Phillips et
al. 1999). The smooth green snake is considerednmé&outh Dakota and is monitored by the
South Dakota Natural Heritage Program.

The species has a history of taxonomic confuslowas placed in the gen@pheodrys,
along with the rough green snak®,aestivus, as far back as 1941 (Grobman 1941). Oldham

and Smith (1991) presented evidence to establesiyenud.iochlorophis for the smooth green



shake. Recently the smooth green snake was phaaddin the genu®pheodrys (Committee

on Standard English and Scientific Names 2000)ree subspecies have been named (Grobman
1941, 1992a, 1992b) but Collins (1992) rejectedelmibspecies. Following Collins (1992),
Ernst and Ernst (2003) did not recognize subspectssbman (1992a) described an unusual
pattern of geographic variation in morphology thatused to support his interpretation of
subspecific taxonomy i@. vernalis. Most importantly, he noted that snakes fromeéastern
United States@. v. vernalis) were most closely related to those in the Bladlstdnd Bear
Lodge Mountains (als®@. v. vernalis), with a different geographic varia@, v. blanchardi, in

the Great Plains (figure 1). These conclusionsirediologists to consider that smooth green
snakes of the Black Hills are more similar to srhagreen snakes found east of the eastern
border of South Dakota, more than 1100 km eadteBilack Hills, than they are to populations
found in the Great Plains, ca. 500 km east. Tattepn of morphologic variation seems
nonsensical. However, in an unpublished multivarraanalysis of Grobman’s (1992a) data,
David Chiszar (University of Colorado) reached shene conclusions.

The comparative genetic structure of the smootbrgemake has not previously been
studied. Additionally, work on the genetic struetof South Dakotan snakes will provide the
South Dakota Department of Game, Fish, and Pardetedata to manage the species. If
smooth green snakes in the Black Hills and in easSeuth Dakota are genetically distinct, then
smooth green snakes within the state consistlefat two distinctive genetic groups. In this
case we would suggest that the state Departmépawie, Fish, and Parks consider management
of the snake in light of genetic differences amomggpulations. If such variation exists it may
be important to develop management plans thatimmdatidual populations as separate groups.

Our fundamental question was: Are there two gealyi distinct populations dDpheodrys



vernalis found within the state of South Dakota? We apghed this question by examining
genetic variation within and among smooth greekasa&ollected in the Bear Lodge Mountains
of Wyoming, the Black Hills, and adjacent to OrdwRrgirie Preserve in north-central South
Dakota (figure 2). We included snakes from therBealge Mountains because these mountains
were formed at the same time as the Black Hillsanedpart of the same geological uplift. These
four populations represent Grobman’s (1992a) sulep®. v. vernalis (Bear Lodge Mountains
and Black Hills) andD. v. blanchardi (Ordway Prairie). A population of smooth greealss
found in northern New Mexico (GrobmarGs v. blanchardi) was also examined and included in
our comparisons of smooth green snakes in Soutbtdand far northeastern Wyoming.
METHODS

Smooth green snakes were hand collected withiB#as Lodge Mountains of
Wyoming, the Black Hills, adjacent to Ordway Praj@and Sugarite Canyon in northern New
Mexico (Table 1). A small portion of the tail wemsmoved from each specimen for genetic
analyses and the snakes were released at thd sdptare. Colleagues in New York, Montana,
Utah, and Nebraska donated tissues, but becawsseadf sample sizes these specimens were not
included in the microsatellite analyses. Total DINAs isolated from tissue using a Qiagen
DNeasy Tissue Kit (Qiagen, Valencia, CA).

Previously published primer sets for several mitoatrial genes were tested for their
ability to amplify mtDNA from the smooth green seal@revalo et al. 1994). The primer sets
included the mtDNA control regiom+{oop), three nicotinamide adenine dinucleotide
dehydrogenase gendsl§2, ND4, andND8) and the cytochrome b germtp). Of these, ND2
provided the most consistent results and was wselithin mtDNA sequence data on the

available samples. A 1200 bp region of the ND2egeas amplified using primers L4437b (5'-



CAGCTAAAAAAGCTATCGGGCCCATACC-3') and tRNA-trpR (5™
GGCTTTGAAGGCTMCTAGTTT-3'). PCRs consisted of an initial denaturation of®@Zor 5
min, followed by 35 cycles of 1 min at 92, 1 min at 58C and 1 min at 72 and ended with a
final extension of 5 min at 7Z. Sequencing reactions were done using BigDye ihetor v3.1
Cycle Sequencing Kits (Applied Biosystems) anda@aran ABI 3130 Genetic Analyzer
(Applied Biosystems) at the Western South DakotaAlre Facility (WestCore) at Black

Hills State University. The PCR amplicons welesajuenced in both directions and compared
with Genbank (to verify target gene was sequenasitlg the Basic Local Alignment Search
Tool (BLAST), available at the National Center Biotechnology Information website
(http://www.ncbi.nlm.nih.gov/blast/). Sequencegainents have been done using the software
SEQUENCHER 4.5 (Gene Codes).

DNA was isolated for the construction of microsiielenriched libraries using a
DNeasy extraction kit for animal tissues (QIAGENtarding to the manufacturer’'s
recommendations. Genomic DNA from a single snakepde was digested witkau3Al to yield
fragments that range from 300bp to 1500bp in si#ee digested DNA was size fractionated on
a Chroma Spin+TE 400 column (Clontech) to retamgifnents of size 400bp and greater.
Linkers were added to the DNA fragments to fadéitRCR amplification. Size fractionated
amplified genomic DNA was probed using 3'- biotiatgd oligonucleotide probes (5'-
(AG)1sTATAAGATA-/3bio/-3’, 5'-(TG) 1sTATAAGATA-/3bio/-3’, 5’-(AAC) sTATAAGATA-
/3bio/-3’, 5’-(AAG)sTATAAGATA-/3bio/-3’, 5'-(AAT) sTATAAGATA-/3bio/-3", 5'-
(ACT)sTATAAGATA-/3bio/-3’, and 5’-(ATC)TATAAGATA-/3bio/-3") and captured using
Dynabeads MyOne Streptavidin (Gtreptavidin coated paramagnetic beads) (Invéndg The

microsatellite-impoverished supernatant was remdred the beads and re-probed to yield a



doubly enriched library. Captured fragments weteased from the probes and PCR amplified.
This microsatellite enriched fragment library wisrt TA cloned by ligation into the pCR2.1-
TOPO vector (Invitrogen) according to the manufeats instructions. Following
transformation, colony blots were done to confih presence of microsatellite-containing
colonies. One hundred thirty-one colonies hybridingth the probes. These were grown in
overnight cultures for plasmid isolation using @prep Spin Miniprep kit (QIAGEN). The
plasmids were sequenced in both directions using fdtward and reverse primers with a
BigDye Terminator v3.1 Cycle sequencing kit (ApglBiosystems, Foster City, CA) on an ABI
3130 genetic analyzer (Applied Biosystems) by thest&rn South Dakota DNA Core Facility
(WestCore) at Black Hills State University (BHSU).

Twenty-five sets of primers were designed for P@ipldication of microsatellite loci
using OligoPerfect primer design software (Invigay The forward primer of each set was
designed with a 5’-M13(5’-CACGACGTTGTAAAACGAC) taib make use of the universal
dye-labeling technique described by Boutin-Ganagtlae (2001). The reverse primer was
designed with a 5’-pigtail sequence (5’-GTTTCTT facilitate nontemplated polyadenylation of
the PCR product. PCR products were run with therinatl size standard GS350-ROX (Applied
Biosystems) on an ABI 3130 Genetic Analyzer (Applgiosystems) by WestCore, BHSU.
Allele sizes were determined using the softw@aeaemapper. Fifteen primer sets gave consistent
amplification of specified target loci and wereesamed for polymorphism. Eight polymorphic
loci were identified.

The 8 microsatellite markers were used to scé@esmooth green snakes collected from
the Black Hills to test for their utility as marlsgior assessing population differences. The

number of alleles ranged from 3-25 and observeerbeygosities ranged from 0.036-0.867. The



microsatellite loci were tested for Hardy-Weinbergilibrium (HWE) and linkage
disequilibrium (LD) using GENPOP 3.4 (Raymond & Reet 1995). The loci 6-131, 2-261, 5-
121, and 6-93 were found to not be in HWE (P < D.Dikage disequilibrium (LD) was tested
among all marker pairs and corrected for multigilmparisons using the Bonferroni method. No
significant LD was detected for any of the markair@ These microsatellite markers were thus
suitable for studies of population structure. Prisequences, PCR conditions, repeat motif and
summary statistics are given in Table 2.

Phylogenetic analysis of the mitochondrial DNA seces was done using MRBAYES
(Huelsenbeck and Ronquist 2001). The MCMC analysis run for 2,000,000 generations with
the phylogeny sampled every 1000 generations. fifdtel000 trees sampled were discarded as
burn-in to ensure the chain had reached statigramid the final 1000 trees used to build the
Bayesian consensus tree. The Genbank sequencespmd to the outgroup sequences
Masticophis flagellum andColuber constrictor (Serpentes, family Colubridae). A median-joining
haplotype network estimated from the mtDNA data d@ase using the methods of (Bandzlt
al. 1999).

Observed genotype frequencies were tested fory-\ateinberg and linkage equilibrium
using randomization tests using GENEPOP 3.4 (RagnhbnRousset F 1995). PairwiserF
estimates amongst populations were done using GENPO(Raymond M, Rousset F 1995)
using the method of Weir and Cockerham (1984). Sthstical significance of genetic
differences between each pair of populations wstedeusing Fisher’s exact method
implemented in GENPOP. The microsatellite data veea@yzed in several ways to assess
genetic population structure. We used the modeddabistering method of Pritchard et al.

(2000) to infer population structure and to assighividuals to uncovered clusters, i.e.,
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populations K). The structure analysis was run using the AdanextModel. Conditions for the

MCMC analysis were 250,000 generations of burmliowed by 500,000 generations of

sampling Analysis of molecular variance (AMOVA) was usedtrtition the genetic variation

among populations in a fashion analogous to ti@adt ANOVA (Excoffier et al. 1992).
RESULTS

Genotypes for 8 microsatellite loci were deterrdif@ samples from 4 geographic
locations (Black Hills, Bear Lodge Mountains, OrgwRrairie, and Sugarite Canyon) and 104
individual green snakes. Overall, 124 alleles wdrgerved, indicating relatively high levels of
genetic diversity. There was no evidence for lirkdgsequilibrium for any of the loci. The
number of alleles ranged per locus from 0-25 arskoled heterozygosities ranged from 0.036 —
0.867. A number of loci exhibited deviations frorardy-Weinberg expectations due to
deficiencies of heterozygous genotypes.

Pairwise population comparisons @f ilRdicated low levels of allelic differentiation
between the Black Hills and Bear Lodge populatiang moderate to high levels amongst all
other populations (Table 3). Highest ¥alues were observed between the Sugarite Canyon
population and the other populations. However ggdéhces in allele frequencies were observed
throughout the sampled area in this study. Aftgliaption of the Bonferroni correction
(0=0.05/28=0.0017), comparisons of all 4 populatiprs, Sugarite Canyon, Bear Lodge
Mountains, the Black Hills, and Ordway Prairie) sled statistically significant differences
amongst them (P <0.001). AMOVA also indicatedisti&lly significant differences amongst
the sampled populations. A comparison of the 4fadions revealed that 13.5% of the genetic

variation occurred among populations and 86.5% weduwithin populations (P<0.001).
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Results from the STRUCTURE analysis indicated ithats most likely that two
genetically distinctive populations existed wittie dataset{=2), but the likelihood that three
populations K= 3) existed were similar t§= 2, indicating some uncertainty in interpretatan
STRUCTURE analyses. K =2 model clusters the Sugarite Canyon specimeperately from
those collected in the Black Hills, Bear Lodge Mtains, and Ordway Prairie. Thke= 3 model
clusters the Black Hills and Bear Lodge Mountaipscsmens into a population, Ordway Prairie
as a second population, and Sugarite Canyon aslgthpulation. That is, at least two
populations exist (Sugarite Canyon and all othgubtetions), although it is likely that three
populations exist (Sugarite Canyon, Bear Lodge Mauas/Black Hills, and Ordway Prairie).

Mitochondrial DNA sequence data from 88 individulatsm 7 collections were analyzed
for variation in theND2 gene. A median-joining haplotype network from thidNA data
indicated no evidence of population structure gflbypes (Figure 3b). The results of a
phlyogenetic analysis using a Bayesian maximuniitiked method (MRBAYES) found no
significant clade structure among any of the samfstam any of the 7 collections (Figure 3a).

DISCUSSION

We believe that there are three factors that ammpbrtance in interpreting our results.
The smooth green snake is a small snake (adultseot length ranging from 30.3 — 51 cm,
Conant and Collins 1998). Although its movemeritgras have not been studied, since the
smooth green snake is a small snake we do not ett@dults can travel far during their
lifetimes. Additionally, the species is found mosmmonly in mesic habitats within evergreen
forests and we suspect that they need mesic cosrilmugh which to disperse. Finally, fossil

data from the Pleistocene epoch indicate thatahge of the smooth green snake has changed
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according to advances and retreats of boreal frestending as far south as modern-day
Florida during glacial advances (Holman 2000).

The results of the mtDNA analyses are in conflicthvprevious morphology-based
studies ofOpheodrys that concluded geographic differences among smgraén snake
populations. Mitochondrial DNA data do not supgmevious suggestions of sub-specific
classification, if the same geographic distribusi@ne assumed. Furthermore, mtDNA data do
not support the conclusions of previous studieshiipothesized sub-specific differences
between eastern South Dakotan specimens and dnakethe Black Hills of South Dakota and
Wyoming. It is possible that genetically distinotrhs ofO. vernalis exist in other geographic
regions, but samples from these regions were wtided in the present study. Results from
mitochondrial DNA sequence data in the presentysitndicate that previously described
patterns of morphological variation are not congtweith DNA sequence data.

The analyses of microsatellite data indicate ewdeasf significant differences among
populations ofD. vernalis that we studied. Considering these results, thsilfdata, and the
natural history of the species, we conclude thatetls significant genetic differentiation among
populations, but previous suggestions of distinbispecies in our sampling range are not
warranted. Analyses of population structure sugtjesexistence of 3 genetically distinct groups
in the data, which correspond to the Sugarite CanBtack Hills/Bear Lodge Mountains, and
Ordway Prairie populations. Collection data indechthat specimens were captured in very
localized areas within the four groups we definadthis study (Sugarite Canyon, Bear Lodge
Mountains, Black Hills, and Ordway Prairie), andgsh snakes are restricted to specific habitats
with limited dispersal. Thus, the fact that sigrdint genetic differences exist among geographic

regions is not surprising.
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A number of loci exhibited deviations from Hardy-iMeerg expectations due to
deficiencies of heterozygous genotypes, but itffecdlt to assign biological significance to such
findings because there is a tendency for microgateharkers (in general) to exhibit deficiencies
of heterozygotes. Deficiencies of heterozyogoteddcbe due to population sub-structure (i.e.
the Wahlund effect) or null alleles or a combinatad factors. Interestingly, the greatest
tendency towards heterozygote deficiencies wasrebden the Black Hills sample. The number
of samples analyzed for the Black Hills was gretitan any of the other populations and all
samples were pooled for analyses. This leaves th@epossibility that there might be further
sub-structure of populations in the Black Hillsrther sampling, so statistically meaningful
comparisons can be made, will be required to askegsossibility of population substructure.

Bearing on the generally isolated nature of smgo#en snake populations, we offer the
following anecdotal evidence. In the Bear LodgeuNtains and Black Hills, snakes were
frequently taken in small patches of suitable tabiFor example, several snakes were collected
at a single inlet at Deerfield Lake, but not atrbganlets. Several specimens were taken at a
riparian improvement area in the Bear Lodge Mounstabut nowhere adjacent to this area along
the same creek. According to various corresposgdémey are very rare in Nebraska and in
Utah. However, refuge staff reported that theysammewhat common at the Medicine Lake
National Wildlife Refuge in Montana, an area frorhigh they have never been reported.
Despite their wide range across the eastern USitatés, correspondents in lllinois (Chris
Phillips, Natural History Survey of lllinois, persal communication) and New York (Pete
Ducey, State University of New York, Cortland, peral communication) reported that they are
very rare in these states. Yet, one correspor({dehnh Willson, University of Georgia, personal

communication) reported that they were locally canron certain islands off the coast of

14



Maine, yet nowhere on the mainland. In additioudht appears to have significant effects on
the species. At Ordway Prairie, drought conditibad persisted for ca. 8 years and smooth
green snakes had not been found in 8 years, aogptalipreserve staff. During this time, >75%
of permanent and semi-permanent wetlands on tisewe had dried completely. It was
adjacent to the preserve that we found two dilapdiéarmhouses, beneath which we found all
nine of the specimens we analyzed from this areze(ssnakes were collected from a single
farmhouse).

Further discussion of Great Plains populationsasganted. We found the snakes to be
fairly common (though highly localized) in borealést, but extremely rare in the Great Plains
and very localized, even more so than in borea&dior Considering that fossil data shows that
the snake’s range advances and retreats in camiterthe advance and retreat of boreal forest
(due to the influence of glaciation), we infer thf@ species is associated with boreal forests and
that Great Plains populations are living at theesdgf their tolerance.

Regarding the presence of boreal forest in the tGHeans, several studies have
examined the Holocene drying trend in the nortl@reat Plains (Fritz et al. 1991, Kennedy
1994, Laird et al. 1996). Of special note, Lairéket(1996) found that the vegetation
surrounding Moon Lake, in east-central North Dakoklenged from a boreal (spruce-
dominated) flora to a plains flora during the pdrfoom ~10,000 to ~7,000 years before the
present. In addition, over the last 10,000 yeavsersed long-term droughts have been identified
that were more extreme than historical droughtsnifam et al. 2001). Considering recent
(historical) drought, and long-term drought andinigyof the Great Plains, we conclude that
Great Plains smooth green snake populations aneaeinpopulations. Of related interest,

Sorenson et al. (1998) found that most (11 of lif)ate change models they studied predict
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increasing drought in the northern Great Plainhiénear future (modeled from 2000 to 2060).

Given these factors, especially climate changecarelude that smooth green snakes in the

Great Plains are deserving of further monitorind eonservation efforts. It may be that certain

localities in the Great Plains are important refufyeg remaining populations in the region.
MANAGEMENT RECOMMENDATIONS

Given the evidence for genetic population structoi®. vernalis, management units
should be defined based on geographic populatior&outh Dakota, the Black Hills population
should be considered distinct from eastern Sou#tofda populations. Overall genetic variation
appears high, suggesting that populations havemagrgone a bottleneck. These results fit the
little data we have on the natural history of thesth green snake, which is that it is a snake
found in localized populations at suitable timeshaf year. In addition, the species’ size
probably precludes it from moving great distanoasnd) its lifetime.

Fossil literature and our collection experienceBdate that the species is primarily
restricted to boreal forest and is most likely naréhe Great Plains. Holocene climate and
vegetation studies show a recent (from ~10,000 t0087years before the present) change from
boreal forest to grasslands in the northern Grian$, thus indicating that Great Plains
populations are probably remnant populations. l@nother hand, habitat in the Black Hills and
Bear Lodge Mountains is generally suitable andstiekes appear to be reasonably abundant
there but localized. Great Plains populations taparticularly important to management, as
suitable habitat within the Great Plains is propatadt extensive and is patchily distributed. In
addition, many climate change scenarios sugge#ti@ual drying in the Great Plains in the near

future (i.e., from 2000 to 2060).
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We suggest continued monitoring of this snake thhout its range in South Dakota,
especially within the Great Plains, but we als@mgeize that we still know little about the
species across its range. Studies of distribwtrmhbasic natural history are needed to further
refine the distribution of smooth green snakes wiouth Dakota and to study habitat use and
movements. These studies should be partnereduvttier genetic studies to uncover patterns
of genetic substructure of the populations thahase identified. Discovery of new populations
in the plains would be of particular importancecsiithis may indicate the presence of refugia.
For this reason, as well as the likelihood of dexks a result of climate change, we emphasize
long-term monitoring of abundance in the plaingkelmost small snakes, little is known about
this species and we lack good examples of othaliepéhat have been well studied that exhibit
a similar natural history. Therefore, we cannokenmferences from model species that would
help in managing the smooth green snake.
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Figure 1: Grobman’s (1992a) taxonomic arramget of subspecies @ipheodrys vernalis,
showingO. v. vernalisin the Black Hills, Bear Lodge Mountains, and #astern United States;
andO. v. blanchardi in the Great Plains, with a hybrid zone betweentéyo running through
Minnesota, Wisconsin, lllinois, Indiana, and Ohidpheodrysv. borealis occurs in
Newfoundland, Canada.
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Figure 2: Locations from which samples westamed for this study, including Sugarite
Canyon in northern New Mexico, the Bear Lodge Maurg in northeastern Wyoming, the
Black Hills in southwestern South Dakota, and OrgWRaairie in north-central South Dakota.
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Figure 3. Phylogenetic analysis @pheodrys vernalis based on ND2 mitochondrial DNA
sequences and inferred haplotype netwdi) Bayesian maximum likelihood phylogeny with
significant posterior probability values given abdwanches. The MCMC analysis was run for
2000000 generations with the phylogeny sampledyel@®0 generations. The first 1000 trees
sampled were discarded as burn-in to ensure tha bhd reached stationarity and the final 2000
trees used to build the Bayesian consensus triee.génbank sequences correspond to the
outgroup sequencadsasticophis flagellum andColuber constrictor from the family Colubridae
(B) Median-joining haplotype network estimated frtime mtDNA data. The circles represent
haplotypes and the size of the circles is propoaiido the number of individuals sampled that
possessed that haplotype. The colors show thédooaf individual samples. The numbers on
the branches connecting haplotypes corresponcetpdbition on the ND2 that is polymorphic
between haplotypes.
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Figure 4. Summary plots of g estimates generated by seqliehister analysis of the program
STRUCTURE performed on the multilocus microsatelgenotypeslhe number of K and
likelihood are shown above the figures. The stmectinalysis was run using the Admixture
Model. Conditions for the MCMC analysis were 250@@nerations of burn-in followed by
500000 generations of sampling.
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Table 1. Collection data for smooth green snake (Opheodrys vernalis) specimens collected or donated

for this study.

Date

ID #

Locality (state: county; habitat description)

UTM

Notes

LAQO1

SD:

Deerfield Lake N shore

LAQ02

SD:

Deerfield Lake N shore

LAQO3

SD:

Deerfield Lake N shore

LAQO4

SD:

Deerfield Lake N shore

LAQOS5

SD:

Deerfield Lake N shore

LAOO6

SD:

Deerfield Lake N shore

LAOQO7

SD:

Deerfield Lake N shore

LAOO8

SD:

Deerfield Lake N shore

LAOQ9

SD:

Deerfield Lake N shore

LAO10

SD:

Deerfield Lake N shore

25-May-05

AKO001

SD:

Iron Creek Lake #1

E:(30-Jun-05)

25-May-05

AKO002

SD:

Iron Creek Lake #2

E:(30-Jun-05)

25-May-05

AKO003

SD:

Iron Creek Lake #3

E:(30-Jun-05)

26-May-05

AKO004

SD:

Deerfield inflow #1

E:(30-Jun-05)

26-May-05

AKO005

SD:

Deerfield inflow #2

E:(30-Jun-05)

29-May-05

AKO006

SD:

Deerfield outflow #1

E:(30-Jun-05)

26-May-05

AKO007

SD:

Newton Picnic area #1

E:(30-Jun-05)

26-May-05

AKO008

SD:

Newton Picnic area #2

E:(30-Jun-05)

26-May-05

AKO009

SD:

Newton Picnic area #3

E:(30-Jun-05)

26-May-05

AKO010

SD:

Newton Picnic area #4

E:(30-Jun-05)

24-May-05

ANO0O1

SD:

Mystic Rochford Jac

E:(17-Jun-05)

24-May-05

AN002

SD:

Mystic Rochford Jac

E:(17-Jun-05)

24-May-05

ANO003

SD:

Mystic Rochford Jac

E:(17-Jun-05)

24-May-05

ANO004

SD:

Mystic Rochford Jac

E:(17-Jun-05)

24-May-05

ANO005

SD:

Mystic Rochford Jac

E:(17-Jun-05)
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Table 1. cont.

Ponderosa pines; NE slope 4860166N E:(30-Jun-05)
27-Jun-05|AN021 |[SD: Custer Co.; 614916E found under limestone
W slope 4905558N E:(8-Jul-05)
27-Jun-05|AN022 [SD: Custer Co.; 614916E found under limestone
W slope 4905558N E:(8-Jul-05)
28-Jun-05|AN023 |[SD: Custer Co.; 624928E found under board
level ground 4841514N E:(8-Jul-05)
29-Jun-05|AN024 [SD: Pennington Co.; 609502E found under stone
S slope 4876695N E:(8-Jul-05)
29-Jun-05|AN025 [SD: Pennington Co.; 609563E found under stone
S slope 4876671N E:(8-Jul-05)
6-Jul-05|AN026 [SD: Lawrence Co.; 581807E found under log
S slope 4913961N E:(8-Jul-05)
7-Jul-05|AN027 [SD: Pennington Co.; 597271E found under slate
E slope 4887093N E:(7-Sep-05)
7-Jul-05|AN028 [SD: Pennington Co.; 597757E found under slate
S slope 4884854N E:(7-Sep-05)
11-Jul-05[{AN029 |SD: Pennington Co.; 611686E found under slate
S slope 4868844N E:(7-Sep-05)
11-Jul-05[AN030 |SD: Pennington Co.; 606338E found under slate
W slope 4868910N E:(7-Sep-05)
12-Jul-05[AN031 |SD: Custer Co.; 601144E found under wood
W slope 4850063E E:(7-Sep-05)
13-Jul-05[AN032 |SD: Pennington Co.; 599375E found under board
S slope 4883697N E:(7-Sep-05)
13-Jul-05[AN033 |SD: Pennington Co.; 599375E found under board
S slope 4883697N E:(7-Sep-05)
15-Jul-05/AN034 |SD: Pennington Co.; 606114E found under wood
N slope 4889613N E:(7-Sep-05)
15-Jul-05[AN035 |SD: Pennington Co.; 606377E found under wood
N slope 4889285N E:(7-Sep-05)
19-Jul-05/AN036 |SD: Pennington Co.; 615255E found under wood
E slope 4884234N E:(7-Sep-05)
19-Jul-05[AN037 |SD: Pennington Co.; 615232E found under wood
E slope 4884320N E:(7-Sep-05)
19-Jul-05[{AN038 |SD: Pennington Co.; 615222E found under wood
E slope 4884320N E:(7-Sep-05)
19-Jul-05[AN039 |SD: Pennington Co.; 618106E found under slate
W slope 4881287N E:(7-Sep-05)
21-Jul-05[AN040 |SD: Pennington Co.; N43°53.909 found under wood
E slope W103°43.565 |E:(7-Sep-05)
26-Jul-05[{AN041 |SD: Pennington Co.; N43°53.951 found under slate
E slope W103°40.946
26-Jul-05[AN042 |SD: Pennington Co.; N43°53.855 found under wood
E slope W103°41.171
26-Jul-05[{AN043 |SD: Pennington Co.; N43°53.862 found under quartz
E slope W103°41.296
26-Jul-05[{AN044 |SD: Pennington Co.; N43°53.862 found under limestone
E slope W103°41.262
26-Jul-05[AN045 |SD: Pennington Co.; N43°59.086 found under slate
W slope W103°46.356
26-Jul-05[|AN046 |SD: Pennington Co.; N43°59.251 found under slate
W slope W103°46.594
26-Jul-05[{AN047 |SD: Pennington Co.; N43°59.251 found under slate
W slope W103°46.594
2-Aug-05[AN048 |SD: Pennington Co.; N44°08.142 found under wood
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Table 1. cont.

21-Jul-05]AN040 [SD: Pennington Co.; N43°53.909 found under wood
E slope W103°43.565 |E:(7-Sep-05)
26-Jul-05|AN041 [SD: Pennington Co.; N43°53.951 found under slate
E slope W103°40.946
26-Jul-05|AN042 [SD: Pennington Co.; N43°53.855 found under wood
E slope W103°41.171
26-Jul-05|AN043 [SD: Pennington Co.; N43°53.862 found under quartz
E slope W103°41.296
26-Jul-05|AN044 [SD: Pennington Co.; N43°53.862 found under limestone
E slope W103°41.262
26-Jul-05|AN045 [SD: Pennington Co.; N43°59.086 found under slate
W slope W103°46.356
26-Jul-05|AN046 [SD: Pennington Co.; N43°59.251 found under slate
W slope W103°46.594
26-Jul-05]AN047 [SD: Pennington Co.; N43°59.251 found under slate
W slope W103°46.594
2-Aug-05|AN048 |SD: Pennington Co.; N44°08.142 found under wood
W slope W103°39.196
3-Aug-05|AN049 |SD: Pennington Co.; N44°08.990 found under slate
W slope W103°50.165
3-Aug-05]ANO50 |SD: Pennington Co.; N43°53.909 found under slate
W slope W103°43.565
30-Jul-05{HLS01 JWY: Crook Co.; N44°30.217 grassy meadow; beaver ponds
Whitelaw Creek; W104°26.351 |cattle excluded
30-Jul-05{HLS02 JWY: Crook Co.; N44°30.917 grassy meadow; beaver ponds
Whitelaw Creek; W104°26.333 _ |cattle excluded
31-Jul-05{HLS04 JWY: Crook Co.; N44°30.214 Riparian improvement area
Whitelaw Creek; W104°26.205
31-Jul-05{HLS05 JWY: Crook Co.; N44°30.217 Riparian improvement area
Whitelaw Creek; W104°26.201
31-Jul-05{HLS06 |WY: Crook Co.; N44°30.217 Riparian improvement area
Whitelaw Creek; W104°26.201
31-Jul-05{HLS07 |WY: Crook Co.; N44°30.217 Riparian improvement area
Whitelaw Creek; W104°26.201
31-Jul-05[HLS08 [WY: Crook Co.; N44°34.267 near Black Hills
Blacktail Creek W104°29.018 |flowing stream was intermittent
31-Jul-05[HLS10 [WY: Crook Co.; N44°34.249 near Black Hills
flowing stream was intermittent; E:(9-Sep-
Blacktail Creek W104°28.976  [05)
3-Aug-05|RZ001 |MT: Sheridan Co.; T 32N R55E S 33 |SVL: 7"; Headquarters in front of 5-stall
Medicine Lake National Wildlife Refuge
SVL: 9"; dead alongside bunkhouse at
4-Aug-05|RZ002 [MT: Sheridan Co.; T 32N R55E S 33 |headquarters; head was smashed
Medicine Lake National Wildlife Refuge
24-Aug-05|RZ003 |MT: Sheridan Co.; T 32N R55E S 33 |SVL: 13"; DOR in parking lot
Medicine Lake National Wildlife Refuge
24-Jul-04]UT001 |UT: Utah Co.; 40.036967 ca. 1 mi NE of Hwy 6; elev. 5000 ft
21-Aug-02|MVZ#24|Diamond Fork Canyon Rd -111.491633
N/A NEO0O01 [NE: Kearney Co.; no other data
N/A NE002 |NE: Washington Co.; no other data
29-Jul-05|AKR001|WY: Crook Co.; N44°50.386 SVL: 16"; by beaver dam in rocks
Bear Lodge W104°44.131 |observed 2 more greensnakes
29-Jul-05|AKR002|WY: Crook Co.; N44°50.386
Bear Lodge W104°44.131
Collectors: Matthew McCormick and Peter
19-May-05|NY01 [NY: Cortland Co.; K. Ducey
Township: Cinncinatus
22-May-06{ESDO1 |SD: McPherson Co.; N 45.70931 juvenile--see data sheet
Ordway Prairie W 99.15677
23-May-06{ESD02 |SD: McPherson Co.; N 45.10910 juvenile--see data sheet
Bieber Ranch W 99.15763
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23-May-06|ESDO03 |SD: McPherson Co.; N 45.70977 9 inches
Bieber Ranch W 99.15652
24-May-06|ESD04 |SD: McPherson Co.; N 45.70881
Bieber Ranch W 99.15753
24-May-06|ESDO5 |SD: McPherson Co.; N 45.70881
Bieber Ranch W 99.15753
24-May-06|ESD06 |SD: McPherson Co.; N 45.70895
Bieber Ranch W 99.15768
24-May-06|ESDO7 |SD: McPherson Co.; N 45.70882
Bieber Ranch W 99.15695
25-May-06|ESDO08 |SD: McPherson Co.; N 45.70918 under object
Bieber Ranch W 99.15759
25-May-06|ESD09 |SD: McPherson Co.; N 45.73660 in grass
Heupel Ranch W 99.11555
30-Jun-06[{NM001 [NM: Colfax Co., N 36.98596 oak forest at top of flaky sandstone cliff
Sugarite Canyon S. P. W 104.37693
NM002 |[NM: Colfax Co., caught by cat near visitor center
Sugarite Canyon S. P.
NM003 |[NM: Colfax Co., caught by cat near visitor center

Sugarite Canyon S. P.
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Table 2 Characterization of 8 polymorphic microsatellibeilfor Opheodrys vernalis.

Genbank Number

Accession Ta Product of alleles
Locus Number  Repeat motif Primer (5'-3") (°C) size (bp) He Ho
6-131 EF666126  A14(GA)17 F: M-13-CTCAAGGTTTCTGGCTTTGG 60 234-285 12 0616  0.462

R: Pigtail- TGGGCTGTCCTTGTAGATCC

Az...(GA)2CA(GAGAGAGG),
6-261 EF666127  (GA)s F: M-13-AGCACTCAGCAGAGCATGAA 55 253-278 8 0.733  0.339

R: Pigtail- CTTAATGCCTGGACCCTGAA

(TG)2...(TG)s(AGTG)2(AG)3
10-09 EF666130  Ge...G5(AG)s F: M-13-GCGGGAAGAAAGAAAGATCC 60 198-212 3 0.036 0.036
R: Pigtail-CCTGAAAATGGCCTGAAAAA

8-51 EF666128  (GT)2 F: M-13-TAGCCAAGCTAAGCCAAAGG 60 212-253 15 0.86 0.86
R: Pigtail- CAGACACGAAGCCAAAGACA

9-271 EF666129  (TC)10(AC)13 F: M-13-GGCAAAACAGTTTCACAGCA 60 115-172 25 0.885 0.867
R: Pigtail-AAATGCAGCTGGGTTTGTGT

5121 EF666124  (GA)0AAT(GA)....(GA) F:M-13-GCTTCTCCTAAAGCGGGTGT ~ 60 282-311 7 0457 0271
R: Pigtail-TCCCTCCAGCTCACTCTCAT

5-111 EF666123  (CT) F: M-13-AGGCCTTGCCGTTTAAAAAT 46 247-309 20 0.901 0.865
R: Pigtail-GAAGCCTGCAGAGCAGAGAT

6-93 EF666125  (GT)s....GsAGG(GA)s F: M-13-CATTAACGATGGGGTTGCTT 60 224-233 7 0679 025

R: Pigtail-AACGTCCAAACCTTCAATGG
Ta Optimal annealing temperaturestbbserved heterozygosityeHexpected heterozygosity.
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Table 3. Pairwise table ofgfestimates. BH=Black Hills of South Dakota, BL=B¢adge
Mountains of Wyoming, ESD=eastern South Dakota, Nidw Mexico.

Population BH BL ESD NM
BH -
BL 0.027 -
ESD 0.130 0.113 -
NM 0.168 0.144 0.181 -
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