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Abstract.—The Red-bellied Snake (Storeria occipitomaculata) can be found throughout much of eastern North
America, though two notable disjunct populations exist in the Black Hills of southwestern South Dakota and the
Central Platte River Valley in southcentral Nebraska, west of the species” core range. While literature continues to be
added on the Red-bellied Snake and its natural history, it remains largely understudied in Nebraska. Throughout much
of this species’ range, it is considered associated with woodland and wetland habitat features. On 28 September 2021,
we detected one Red-bellied Snake near a treeless playa wetland in the Rainwater Basins ecoregion of southcentral
Nebraska. Using a Grubbs Test to determine significant outliers, we found that this record was further from the Platte
River than other previous accounts of this species in the state. This observation suggests this species may be found in
other portions of the Rainwater Basins and considerably further from the Platte River than previously believed. Our
observation along with other recent work indicates that Red-bellied Snakes may persist in herbaceous habitats lack-
ing established woodland that include sufficient wetland features to support their primary food sources, including
gastropods and other soft-bodied invertebrates. Due to the fragmentation of suitable habitats in the Rainwater Basins,
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coupled with the low dispersal of Red-bellied Snakes, populations persisting in the region are likely to be isolated.

Introduction

he range of the Red-bellied Snake (Storeria occipitomacu-

lata) extends over much of the eastern United States and
southeastern Canada but becomes more fragmented mov-
ing west across North America (Ernst and Ernst 2003). The
two most westerly populations exist within the central Great
Plains in the Black Hills of South Dakota and the Central
Platte River Valley (CPRV) of Nebraska and are disjunct
from the snake’s larger eastern range (Ernst and Ernst 2003;
Dieter and Ronningen 2017; Tye et al. 2017). Additionally,
in the northern Great Plains a population exists as far west
as southern Saskatchewan (Cook and Nero 1961; Cairns et
al. 2018). Estimating the contours of a species’ geographi-
cal range entails significant uncertainty, especially near the
periphery (Rocchini et al. 2011). This is particularly challeng-
ing when considering disjunct populations that may repre-
sent remnants from a different climatological period (Bisbal-
Chinesta and Blain 2018) and demonstrate regionally-specific
habitat associations (Martino et al. 2012).

Disjunct populations, as well as individuals at the edge of
a species’ range, can be biologically important as they occa-
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sionally develop unique physical traits and behaviors that may
prove adaptive in a changing world (Macdonald et al. 2017).
However, these species often face increased risks of local or
regional extirpation as a result of extreme environmental con-
ditions (e.g., drought, cold), reduced habitat quality, interspe-
cific competition with closely related species, and genetic iso-
lation, which generally increases species’ sensitivity to habitat
fragmentation (Keinath et al. 2017). Regional herpetofauna
research indicates that Sroreria occipitomaculata’s disjunct
range within southcentral Nebraska is restricted to the CPRV
(Peyton 1989; Ballinger and Beachly 1999; Ballinger et al.
2010; Fogell 2010; Geluso 2012; Geluso and Harner 2013;
Tye et al. 2017). Herein we report the first detection of this
species within the neighboring Rainwater Basin ecoregion
of Nebraska. We examine the distance of this record from
the main channel of the Platte River relative to other pub-
licly available records to determine if it represents an outlier
extending beyond the periphery of this disjunct population’s
estimated range. We also assess the implications of detecting
a S. occipitomaculata near an isolated prairie-wetland complex
a significant distance from other protected habitats.
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Methods

We estimated the locations of 56 Storeria occipitomaculata
from the main channel of the Platte River using the “ruler”
tool in Google Earth Pro Version 7.3 (Google 2017; Table
1). Data was derived from Crane Trust internal records and
all publicly available data sources including Peyton (1989),
Ballinger and Beachly (1999), Geluso (2012), Geluso and
Harner (2013), Tye et al. (2017), the Harvard University
Museum of Comparative Zoology (HUMCZ; 2021),
Sternberg Museum of Natural History (FHSM; 2021), and
the University of Nebraska State Museum (UNSM; 2021).
In total we included just eight records not detailed in Tye et
al. (2017). However, we reassessed all locational information
from the original sources, and only report decimal degrees to
the level of certainty indicated by the original sources. We
measured the distance of each record from the respective
north or south bank of the main channel of the Platte River
as delineated by Caven et al. (2020). Channel banks were esti-
mated following active channel width definitions proposed by
Caven et al. (2019). We used imagery from April of 1999 as
this represented the closest year imagery was available to the
mean year of records in our database (x = 2001) considering
that active channel widths and locations have remained rela-
tively stable over recent decades in the CPRV (Google 2017;
Caven et al. 2019). This also provided a consistent path from
which to assess distances to S. occipitomaculata occurrences.

We calculated basic univariate sample summary statis-
tics for distance to the main channel of the Platte River for
Storeria occipitomaculata records including mean, median,
range, standard deviation, standard error, and quartile val-
ues. We used the open-source statistical software program R
version 3.6.3 to conduct all analyses (R Core Team 2020).
We conducted a Grubbs’ Test using the “outliers” package
(version 0.14) to determine if our detection of a S. occipito-
maculata in the Rainwater Basins represented a distributional
outlier in terms of its distance to the Platte River relative to
other records (Grubbs 1950; Komsta 2011). We also used
the “ggplot2” package (version 3.3.5) to create a histogram of
distance to the main channel of the Platte River for S. occipito-
maculata records to better visualize the univariate distribution
of this variable and highlight additional ostensibly outlying
values (Wickham 2009). We also calculated multiple metrics
to determine the degree to which each observation deviated
from mean values. We calculated a z-score for each observa-
tion, which represents the number of standard deviations an
observation is above or below the mean [z = (x —p)/c] with
values of > 2.5 representing outliers (Rousseeuw and Hubert
2011). Additionally, we calculated percent variation from the
mean for each S. occipitomaculata distributional record.

Finally, to estimate how isolated this population was we
measured the Euclidean distance from Johnson Waterfowl

Production Area (“WPA”; 40.560712°, -99.322880°; 693 m
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elev.; 236 ha, 43% wetland, USFWS 2017) to the two near-
est significant areas (> 10 ha) of habitat in apparently natural
condition per the most recent aerial imagery (4/2017) using
the “ruler” tool in Google Earth Pro Version 7.3 (Google
2017). We also measured the proportion of that straight-line
distance that included small segments of habitat in a “natural”
condition (i.e., including “woodland,” “grassland,” and “wet-
land,” while excluding “row crop agriculture” and “human
development” such as roads) to estimate the permeability of
the intervening matrix (Row et al. 2010, Caven et al. 2017).

Results

At 1030 h on 28 September 2021, we observed a Storeria
occipitomaculata while driving down a gravel road that bisects
Johnson WPA within the Rainwater Basin ecoregion of
Nebraska approximately 13.3 km south of the main chan-
nel of the Platte River (Schneider et al. 2011; Table 1, Fig.
1). Digital pictures of the specimen were deposited into
the University of Kansas Biodiversity Institute and Natural
History Museum, Lawrence, Kansas, USA (KUDA numbers
013858 — 013859). Conditions were fair during the observa-
tion (26 °C temperature, 6 kph winds, 48% humidity, 20%
cloud cover; Weather Underground 2021) and the snake was
sunning close to the road’s edge < 10 cm from the nearest
vegetation. We estimated the snake to be 16-17 cm total
length via post-hoc photographic measurements (Fig. 1). Site
photographs indicated dominant plants in the immediate area
of the capture included Smooth Brome (Bromus inermis), Big
Bluestem (Andropogon gerardii), Canada Goldenrod (Solidago
canadensis), and Annual Sunflower (Helianthus annuus),
with a couple scattered Plains Cottonwoods (Populus deltoi-
des) along a roadside ditch about 80 m away. The snake was
captured < 140 m from palustrine emergent wetland habitat
best described as Western Great Plains Closed Depression
Wetland per Rolfsmeier and Steinauer (2013).

The mean distance Storeria occipitomaculata were
detected from the main channel of the Platte River was 802
m, the standard deviation was 1,788 m, the standard error
was 239 m, the minimum distance was 7 m, and the maxi-
mum distance was our observation from Johnson WPA,
which was 13,282 m. The first quartile value was 440 m, the
median was 542 m, and third quartile was 576 m. Ninety
percent of values were lower than 936 m, and 95% were
below 1,281 m. The Grubbs Test indicated that the Johnson
WPA S. occipitomaculata detection represented a strong out-
lier (G =6.980, U= 0.098, p < 0.001). The z-score associated
with the Johnson WPA observation (z = 6.980) also indicated
that it was a statistical outlier as it well exceeded the > 2.5
threshold (Table 1). Though z-score values suggest that the
Johnson WPA was the only outlying distance to river value,
the graphical histogram visually indicated that three relatively
high values notably exceeded what was otherwise a relatively
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Figure 1. Dorsal (top) and ventral views of a Red-bellied Snake (Storeria
occipitomaculata) captured at Johnson Waterfowl Production Area
approximately 13.3 km south of the Platte River within the Rainwater
Basin region of Nebraska. We estimated the snake to be 16-17 cm total
length via post-hoc photographic measurements. Photographs by Matthew
Schaaf.

clustered and continuous data distribution at < 1,100 m dis-
tance (Fig. 2). The 2021 Johnson WPA record from Phelps
County reported here was 1,556% above the mean distance
to river (No. 53, Table 1), the April 1997 collection made
by D. Friskopp and reported by Tye et al. (2017) also from
Phelps County was 389% above the mean distance (No.
28, Table 1), and the 1967 collection from Buffalo County
deposited in the Kearney State College Herptile Collection
(No. 2, Table 1) and reported by Peyton (1989) was 145%
higher than the mean (Table 1). The next highest value was
only 31% above the mean.

The nearest significant natural landscape was a > 850 ha
private ranch that appeared to be an isolated Sandhills Mixed-
grass Prairie remnant south of the Platte River (40.640056°,
-99.331569°% 691 m elev.) and approximately 7.2 km north
of Johnson WPA (see Kaul et al. 2012). We estimated that
just 2% of the direct path between the ranch and Johnson
WPA included natural habitat to facilitate dispersal. The next
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Figure 2. Red-bellied Snake (Storeria occipitomaculata) observations and
distances to the main channel of the Platte River.
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closest significant natural habitat, Funk WPA (40.504112°,
-99.224502°% 679 m elev.), was 9.0 km to the southeast of
Johnson WPA. Funk WPA is about 787 ha and comprised of
about 58% wetland landcover (USFWS 2017). About 3% of
the direct path between Johnson and Funk WPAs represented
relatively “natural” landcover, predominantly in the form of
roadside ditches supporting herbaceous vegetation.

Discussion

The vast majority of Storeria occipitomaculata records for
the disjunct CPRV population have occurred within a short
distance of the Platte River (< 1,300 m, Table 1). However,
this S. occipitomaculata population may extend further to
the south than previously expected in Phelps County in par-
ticular. The second furthest record from the Platte River in
Nebraska also comes from a collection made in Phelps Co. by
D. Friskopp nearly 4 km south of the Platte River (UNSM
19189; Tye et al. 2017; No. 28, Table 1). Similar to our
Johnson WPA observation, this specimen was collected from
an isolated and relatively large tract (> 125 ha) of herbaceous
habitat that included extensive wetland features (“slough wet-
land”, see Meyer and Whiles 2008) and very little tree cover
per Google Earth imagery from April 1999 (Google 2017).
However, habitat connectivity is currently limited moving
south of the Platte River into the Rainwater Basins as a result
of intensive agricultural development (Dappen et al. 2008;
Verheijen et al. 2018). Though 70-80% of the lowland prai-
rie and wet meadow habitat had been lost from CPRV by
the 1980s, restoration has measurably improved conditions in
areas with high conservation ownership and protection over
recent decades (Currier et al. 1985; Sidle et al. 1989; Krapu
etal. 2014; Caven et al. 2019). Significant effort has also been
dedicated to improving habitat in the adjacent Rainwater
Basins, but conditions remain comparatively fragmented
therein. The number of wetlands in the Rainwater Basins has
decreased by over 90%, and many of those that remain have
limited ecological functionality (Tang et al. 2012; Verheijen
et al. 2018). Verheijen et al. (2018) also demonstrated a
150% increase in the mean distance to the nearest wetland in
the Rainwater Basins ecoregion.

Inadequate literature exists on the subject, but S. occipito-
maculata dispersal capabilities appear relatively limited. Lang
(1969) suggested that a sample of 12 individuals in northern
Minnesota moved about 490 m on average from dens during
the active season, but only 150-305 m in any one direction.
Blanchard (1937) indicated that marked S. occipitomaculata
were recaptured within distances ranging from 30-400 m
over a 1-week period. In all cases estimates of S. occipitomacu-
lara dispersal capabilities are small compared to the approxi-
mate distance from Johnson WPA to the nearest significant
natural landscape (-7.2 km). Several Colubridae species, as
well as many other snakes and small-bodied reptiles, demon-
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strate limited dispersal capabilities, small home range sizes,
and therefore relatively high sensitivity to habitat fragmenta-
tion compared to other more mobile taxa (Macartney et al.
1988; Henle et al. 2017; Keinath et al. 2017). Additionally,
genetics research suggests that herpetofauna may be more vul-
nerable to habitat fragmentation on the periphery compared
to the core of their range, indicating that S. occipitomacu-
lata populations in the Rainwater Basins [if present] may be
particularly at risk of local extirpation (Henle et al. 2017).
Nonetheless, the effects of habitat fragmentation on species
movements and population connectivity are ultimately mod-
erated by the suitability of the surrounding landscape matrix
as well as the distances between quality habitat patches (Row
etal. 2010).

High densities of row crop agriculture in addition to mod-
erate levels of residential and industrial development likely
create a relatively hostile matrix for Storeria occipitomaculata
dispersal within the Rainwater Basin ecoregion (Jochimsen et
al. 2004; Willson and Dorcas 2004; Dappen et al. 2008; Row
etal. 2010; Biaggini and Corti 2015). S. occipitomaculata have
regularly been recorded using gravel roads and trails for ther-
moregulation, but these can also pose a significant mortality
risk for the species (Cahoe and Troelstrup 2004; Jochimsen et
al. 2004; Shepard et al. 2008; Busby et al. 2014; Cairns et al.
2018). Additionally, agricultural monocultures tend to pro-
vide little habitat for herpetofaunal movements (Willson and
Dorcas 2004; Shepard et al. 2008, Row et al. 2010; Martino
etal. 2012; Biaggini and Corti 2015). Vegetative (often “ripar-
ian”) buffer strips within agricultural monocultures can pro-
vide valuable dispersal corridors, however, this practice is not
extensively implemented in the Rainwater Basin ecoregion
or Great Plains at large (Row et al. 2010; Smith et al. 2011;
Biaggini and Corti 2015; Malzahn et al. 2021). Drainage
ditches, generally on the margins between agriculture fields
and roads, likely present the most abundant corridors for
dispersal between suitable habitats for S. occipitomaculata
throughout most of the Rainwater Basin ecoregion based on
studies of other snake species in agricultural landscapes (Row
et al. 2010; Plummer et al. 2020a). A persistent population
of S. occipitomaculata at Johnson WPA is likely to be geneti-
cally isolated considering heavy landscape fragmentation, lim-
ited movement corridor availability regionally, and the spe-
cies’ modest dispersal abilities. If S. occipitomaculata persists
in other remnant sites within the Rainwater Basin ecoregion
they may only demonstrate long-term viability in patches large
enough to support a robust and resilient population.

Very limited literature exists regarding home range sizes
for S. occipitomaculara and close relatives (Smith and Stephens
2003). Freedman and Catling (1979) reported home ranges
of < 0.12 ha for two individual DeKay’s Brown snakes (S.
dekayi), which are closely related to S. occipitomaculata. Pisani
(2009) estimated a population size of 160 S. dekayi in a 5-ha
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study area (32/ha) in northeastern Kansas. Additionally, Fitch
(1993) recorded a S. dekayi density of 12.7/ha in Kansas. In
northwestern Pennsylvania, Gray (2014) reported a total
population of 122130 S. dekayi and a density of 244-260/
ha on a 0.5 ha vegetated slope with 3.25 ha palustrine wood-
land to its west. The small home range sizes and apparently
high densities associated with S. dekayi suggest that somewhat
modestly sized wetlands could support a sizeable S. occipito-
maculata population. However, as Busby et al. (2014) notes,
the S. occipitomaculata has a specialized diet that focuses on
comparatively low-density prey (i.e., gastropods) in con-
trast to the S. dekayi which has a more generalized diet that
occasionally includes small insects in addition to soft-bodied
invertebrates. Also, the site of our observation exists on the
extreme periphery of the species’ range where population den-
sity is likely significantly lower (Henle et al. 2017; Keinath et
al. 2017). Other small fossorial Colubridae such as the Ring-
necked Snake (Diadophis punctatus) have significantly larger
estimated home range sizes than S. dekayi (Fitch 1975). Based
on mark recapture data (n = 433 movements) Fitch (1975)
suggested that the diameter of a D. punctatus home range was
likely about 70 m, with some individuals having extended
home ranges reaching 140 m. Assuming a relatively circular
spatial form, D. punctatus home ranges would be 0.38 ha on
average and range up to 1.54 ha per Fitch (1975).

A key uncertainty in estimating the potential carry-
ing capacity of Johnson WPA for S. occipitomaculara is the
degree to which their home ranges overlap. Patterns of home
range overlap can vary widely for Colubrid snakes by spe-
cies, season, sex, and habitat availability (Bauder et al. 2016;
Plummer et al. 2020b). Presuming moderate overlap (40%)
of individual home ranges with adjacent conspecifics as well
as home range sizes varying from larger S. dekayi (0.12 ha) to
average D. punctatus (0.38 ha) estimates, we conjecture that S.
occipitomaculata density could vary from roughly 4.4 to 13.9
individuals per ha in south-central Nebraska (Fitch 1975;
Freedman and Catling 1979: Fitch 1993; Bauder et al. 2016;
Henle et al. 2017; Plummer et al. 2020b). Extrapolating on
these density estimates and assuming ~60% habitat availabil-
ity at Johnson WPA (i.e., the driest portions may not sup-
port gastropods and the wettest portions often pond water),
it is possible that this site could support between 621-1,967
S. occipitomaculata. This extrapolation represents a coarse
hypothesis, but it could provide a useful guide for prioritiz-
ing sampling sites throughout the Rainwater Basins given
the number of wetland complexes in the region (Verheijen
et al. 2018). Research demonstrates that smaller populations
within more isolated and restricted ranges have higher rates
of extirpation (Flather et al. 2011; Frankham et al. 2014).
The minimum number of individuals necessary to sustain a
population varies by allelic diversity within the extant popula-
tion, species life history (7 vs. K selected), habitat availability,
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and the number and nature of threats (e.g., stochastic events,
predation) (Brook et al. 2006; Kuro-o et al. 2010; Flather
et al. 2011; Schou et al. 2017). Nonetheless, several studies
suggest that a population of > 1,000 individuals is generally
needed to maintain long-term genetic fitness and viability
for vertebrate populations (Brook et al. 2006; Frankham et
al. 2014). Future searches for S. occipitomaculata within the
region may benefit from surveying habitats that could theo-
retically support at least 1,000 individuals following the upper
range of densities suggested as probable regionally therein
(i.e., ~13.9/ha) and a reasonable estimate of habitat avail-
ability (e.g., ~60%). This would roughly equate to Rainwater
Basin Wetland Complexes > 120 ha in total size.

Though several publications indicate that Szoreria occipi-
tomaculata occurrence is associated with woodland and wood-
land edge habitat (Ford et al. 1991; Pisani and Busby 2011;
Fogell 2010) some papers from the northern and western
Great Plains on the periphery of the species’ range suggest it
principally uses mesic herbaceous habitats such as wet mead-
ows (Cahoe and Troelstrup 2004; Brown and Phillips 2013;
Cairns et al. 2018). Broadly speaking, the literature clearly
links S. occipitomaculata occurrence to the presence of wet-
land features regardless of habitat structure (woody vs. herba-
ceous), which may be related to their dependence on wetland
associated gastropods as a primary food source (Semlitsch
and Moran 1984; Brown and Phillips 2013; Dieter and
Ronningen 2017). Ultimately, it is possible that the perceived
association between woodland and S. occipitomaculata occur-
rence is relatively spurious as trees (e.g., Plains Cottonwood
- Populus deltoides ssp. monilifera) are generally concentrated
around water sources in the Great Plains (West and Rurak
2004). This hypothesis is bolstered by the fact that S. occipi-
tomaculata are adapted to using ant-formed mounds as over-
wintering refugia in herbaceous landscapes (Busby et al. 2014,
Cairns et al. 2018; Harris and Savage 2020). Our observation
would indicate that S. occipitomaculata can persist in herba-
ceous landscapes with relatively lictle tree cover in Nebraska.
However, it is important to note that even though trees were
never dominant within the Rainwater Basin landscape, the
U.S. Fish and Wildlife Service Wetland Management District
cleared a significant number of invasive trees off Johnson
WPA from 2003-2009 (pers. comm., B. Krohn, formerly
USFWS, Rainwater Basin Wetland Management District,
Funk, NE, USA; Fogarty et al. 2020). It is possible that these
trees or their remnant stumps provide(d) some value for .
occipitomaculata in the area over recent decades (Bridger and
Geluso 2021).

Our detection of a Storeria occipitomaculata in the
Rainwater Basin ecoregion, recent unpublished documenta-
tion of the species east of its suggested range in the CPRV
(April 2022, Bader Park, Merrick Co.; pers. comm., S. Bailey,
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Prairie Plains Resource Institute, Aurora, NE, USA), and
recent affirmation of a 170-year-old record from the Lower
Platte River Valley via a museum specimen (Somma 2022)
indicate the margins of the disjunct CPRV population may
be more expansive and opaque than previously understood.
One S. occipitomaculata (AMNH R-3380) was collected from
Phillips County, Kansas (39.949°, -99.536°, 631.5 m elev.)
in 1894 (AMNH 2022). This record was rejected by Miller
and Collins (1993) and Collins et al. (2010) due to its signifi-
cant disjunction from the rest of the Kansas population, the
age of the record, the voucher specimen’s need for corrobo-
ration, and because the habitat of detection was believed to
include insufficient woodland for the species. Lynch (1985)
and Peyton (1989), due to specimens collected along the
western CPRYV in south-central Nebraska, have suggested that
AMNH R-3380 may be valid. Our observation is nearer to
AMNH R-3380 (dist. = ~70 km) than any previous record
and was similarly found in a wetland habitat devoid of estab-
lished woodland. Documentation of the S. occipitomaculata
in the southern portion of the western Rainwater Basins near
the Republican River Valley could provide additional sup-
port for the validity of the Phillips County, Kansas record
(AMNH R-3380).

Conclusions
Our documentation of a Storeria occipitomaculara > 13 km
south of the Platte River Valley in the Rainwater Basin ecore-
gion along with recent validation of museum records east of
the species” known disjunct range within Nebraska indicates
S. occipitomaculata may be more widespread regionally than
previously thought. It also indicates that its habitat prefer-
ences may be more variable in the central Great Plains than
formerly understood. We suggest the need for a compre-
hensive survey of the Rainwater Basin ecoregion to deter-
mine how widespread and abundant S. occipitomaculara is
regionally. Given the high level of fragmentation within the
landscape we suggest starting with larger remnant wetland
complexes that likely had a higher probability of sustaining
isolated populations of the species throughout the last century
of intensive agricultural development.
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