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Introduction 

The Smooth Earth Snake (Virginia valeriae) and Redbelly Snake (Storerio occipitomaculata) 
are the two most poorly known snakes ecologically in northeast Kansas and adjacent Missouri. 
Kansas Department of Wildlife, Parks and Tourism (KDWPT) identifies these two snakes as 
threatened species and as species of greatest conservation need (GCN species). Our 2009 
proposal to expand field research on these two species to a core four-county area (Douglas, 
Johnson, Leavenworth, and Wyandotte) supplemented with field work and input from 
cooperators in adjacent counties addressed multiple Priority Needs for these two Priority 
Species. Because both species are secretive, they potentially have wider distribution in the 
Osage Cuestas pbysiographic province and adjoining areas of eastern Kansas where both reach 
the extreme western edges of their ranges in the U.S. Their small size and secretive nature 
makes these species difficult research targets. Conservation of these species and their habitat is 
particularly critical in northeast Kansas, an area with a rapidly-growing human population and 
concomitant development (see species discussions in Taggart 2008). 

Our 2009 proposal focused upon the following Issues and Strategies (Table I) identified in 
the Kansas Comprehensive Wildlife Conservation Plan (CWCP). 

Table 1. Issues and strategies addressed in this study. 

Urbanization and agricultural activities are 
changing these habitats. 

Lack of knowledge and understanding of 
deciduous forests and deciduous floodplains 
leads to poor management decisions. 
There is a lack of data on species present and 
habitat needs. 

,)~!iit~ID[t~lif~Jit!ii~!li?n'[iip'ir~[~l[~JJJ§]lll,,'': 
Conduct wildlife surveys. 

Conduct studies of habitat needs of species 
that inhabit the area. 

Conduct studies on habitat quality and 
quantity. 

Our overall goal was to provide basic distributional and ecological data recognized as needed 
by KDWPT' s CWCP for northeast Kansas populations of Smooth Earth Snake and Redbelly 
Snake. This in tum would: 

• Fill important gaps in the knowledge of Kansas herpetofauna; 

• Provide KDWPT and Kansas Biological Survey (KBS) with a factual basis to implement 
long-term conservation and land management practices favoring these species; and, 

• Provide information enabling refinement of regulations designed to preserve these 
species. 
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Our objectives were to: 
I. Define the true areal limits of Pisani's present study population of Smooth Eartb Snakes 

(this population potentially includes adjacent properties of several private owners). 
2. Refine a model of seasonally changing habitat usage by that species through its activity 

period of March-October. 

3. Locate and geo-reference additional populations of Smooth Eartb Snakes and Redbelly 
Snakes. 

4. Use classical mark-recapture technique to assess the size and seasonal habitats of 
populations located. 

5. Collect basic ecological data on Redbelly Snake and Smooth Earth Snake. 
6. Determine ecological variables for each species that best define Critical Habitat in 

Kansas. 

7. Determine the most immediate threats to Critical Habitat to facilitate effective KDWPT 
management of these species. 

8. Use this information to try to predict the locations of populations elsewhere in northeast 
Kansas. 

9. Evaluate the validity of those predictions by sampling those locations. 

Background 

Snake Biology 
The Redbelly Snake, though widely distributed through the eastern USA, has at present an 

exceptionally fragmented occurrence. This is especially so in the post-Pleistocene "Prairie 
Peninsula" areas, which through much of recorded settlement have been increasingly and 
intensively cultivated (see map 143, Conant and Collins 1991). This distribution may reflect that 
of the slugs known to be a principal component ofRedbelly Snake diet (see Rossman and Myer 
1990, and references therein). For example, the slug Philomycus carolinianus in Illinois was 
described (Baker 1939) as being widespread and "a forest-loving species usually found in moist 
woodlands." Baker goes on to describe what is essentially old-growth forest, a habitat type 
today of very restricted occurrence in Illinois (IDNR 2011). 

Yet even outside this geographic band Redbelly Snake is unevenly distributed. In Michigan 
the species is considerably more abundant than in Kansas (Duellman, pers. comm.), yet an early 
study by Blanchard (1937) found just 157 over a 7-yearperiod within an established 
conservation tract. A typical statement of occurrence in Massachusetts is (from Mass Wildlife 
2009:23): "This is probably our most mysterious small snake in terms oflife history and 
behavior. Herpetologists often note that it can be found in abundance at one site, and yet appear 
entirely absent from numerous similar sites nearby." In Iowa, the species utilizes a variety of 
local habitats that support its prey base (LeC]ere 2011, IAGAP 2007, Kane et al. 2004). 

The Smooth Earth Snake and Redbelly Snake appear to have localized (patchy) distributions; 
they are not highly vagile species, though both move surprising distances for small species 
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(Pisani 2009b, Blanchard 193 7). Both species occur in the Eastern Deciduous Forest biome 
(though Smooth Earth Snake uses grassland habitat within that boundary [Pisani 2009b ]), but 
what habitat features within this forest biome are associated with critical habitat is poorly 
understood (Cervone I 983, Ahrens I 997). 

Forest and Land Use History 
Prior to intensive agricultural development, northeastern Kansas was dominated by tallgrass 

prairie that was maintained by fire and grazing. Forest was limited mainly to riparian zones and 
north-facing slopes which were less susceptible to fires, most of which presumably followed the 
path of prevailing southerly winds. Based on Public Land Surveys in the 1850s, Kindscher et al. 
(2005) estimate that land-cover in counties in the study area (Leavenworth, Wyandotte, Johnson, 
Douglas, and Miami) were 75-94% tallgrass prairie, with most of the remainder being forest. 
The majority of this wooded area, particularly on uplands, was oak-hickory forest, woodland or 
savanna. Current land-cover is dominated by agriculture and much of the original forest has 
been converted to agriculture for crop or livestock production. While the amount of forested 
land is currently similar to or greater than that in the 1850s, much of the current forest was 
formerly prairie and is now dominated by successional tree species and not by oaks and 
hickories. In other cases, original oak-hickory forest was partially cleared and used for grazing 
for a time, abandoned, and has now grown back to oak-hickory forest. 

Methods 

Establish Monitoring Transects 
Transects of artificial shelters (primarily corrugated tin, though some utilized both tin and 

plywood) were used for sampling (Pisani 2009b ). Smooth Earth Snake and Redbelly Snake are 
among the earliest snakes to egress from hibernation in spring, and tins-especially when 
warmed even modestly by sunlight-offer an attractive microclimate to them. Earliest captures 
of both target species has been in early- to mid- March. Typically, as arboreal leaf cover emerges 
the tins hold their attractant value as they are shaded from direct insolation but generally are 
warmer than ambient ground temperatures by I Dam. In spring 2011, this model was not operant 
as the area weather pattern shifted precipitously from a generalized March pattern to one more 
typical of May. As a result, most tins were not shaded by natural vegetation and microclimate 
beneath them was excessively warn1 and dry, diminishing their attractiveness for reptiles 
generally. 

Monitoring stations were set up at multiple locations in the Baldwin Woods area of southern 
Douglas County and at a few locations in nearby counties (Figure 1). Cover boards (metal 
and/or wood) were set out along linear transects at 20-40 m intervals. The number of cover 
boards per transect was 10-20. Lat-long coordinates generally were recorded for all stations on 
each transect, though in some instances just start and end points and at least some intervening 
locations were recorded. Transects were monitored in 2009 (pre- and post-grant) and/or 2010 
and 2011 depending upon start date at a locality (Table 2). Transects were checked multiple 
times in March and April and occasionally in late spring and fall. Periodic su=er sampling also 
was conducted, especially after heavy rainfall. 
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Figure 1. Map showing transect locations in the study area in northeastern Kansas. 

6 



Table 2. Transect locations and frequency of shelter checks in 2009 to 2011. 

WY WY County Lake 39.16209 -94.79154 39.16068 -94.79190 8 15+ 15+ 15+ 
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Pitfall traps and drift fences (Busby and Parmelee 1996) were not used. Given the 
widespread localities we sampled, and concomitantly reduced time spent at any one locality, 
shelters hold less danger of mortality to these GCN target species than would traps. 

Rock-turning, leaf litter raking and other habitat-disturbing methods were employed very 
carefully and sparingly to minimize habitat degradation (Pike et al. 2010). 

Following the incidental discovery of one Smooth Earth Snake and Redbelly Snake (in 
different localities) by KDWPT employee David Farmer while using a leaf-blower on April 18, 
2010 to create fire breaks, we evaluated this tool as a potential sampling aid. Our use of a leaf
blower on litter at East Rice, West Rice, and a similarly wooded site close to Pisani's (2009a, b) 
Smooth Earth Snake study tracts in May 20 IO and April 2011 produced no snakes of any 
species. Thus, while a leaf-blower may prove to be an effective sampling method under certain 
conditions, our limited testing of this technique was not encouraging. Shelters remain our most 
valuable sampling method despite the shortcoming of not retaining specimens over time as 
would a trap. 

Public Cooperation and Outreach 
Because the optimal season to discover new populations of both target species is largely 

limited to March, we realized from the onset the desirability of involving as many cooperators as 
possible. fu 2009, Pisani designed a flyer explaining the project and requesting volunteer 
surveys. He posted this on a readily accessible web site (see: 
http://people.ku.edu/-gpisani/SWGflyer.pdf) and additionally utilized a supply of surplus 
desirable herpetological publications to initiate a contest for volunteers to win prizes for numbers 
of new (i.e., further than 0.5-mile from an existing one) population discoveries. The contest was 
announced in 2010-2011 via Kansas Association of Biology Teachers (KABT) and Kansas 
Herpetological Society (KHS). 

Through this effort, and communication with other miscellaneous contacts ( ones we solicited 
in potential habitats as well as others who heard of the project from friends), we received reports 
of Smooth Earth Snake from Johnson County (3 sites), Wyandotte County (1 ), Leavenworth 
County (1 ), Douglas County (2), Jefferson County (I) and Miami County (1). We received and 
verified reports ofRedbelly Snake from Leavenworth County (1 site), Douglas County (1) and 
Miami County (1 ). Pisani also traveled to examine several reports ofRedbelly Snake that were 
misidentifications by cooperators. fu cases where specimens were collected, we facilitated 
depositing vouchers at Museum of the High Plains (MHP), Fort Hays State University. fu 
addition, volunteers monitored cover board arrays in 2010 at several locations (e.g., Fort 
Leavenworth, Wyandotte County Lake, Jefferson County-Ozawkie vicinity) where neither 
target species has yet been found. Results to date from Fort Leavenworth have been consistent 
with earlier surveys perfom1ed (by us and others) at that site. 

Additional Sampling 
We conducted searches (and evaluated habitats) at several properties adjacent or close to 

ones having new target species discoveries. We also visited a number of sites from which 
existing museum voucher specimens have been recorded, both to seek additional specimens and 
to evaluate present habitat. 
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Ecological/Morphological Data Collection 
Pisani measured, weighed, and for all of the Rice and Dwigans-Wilber snakes of both target 

species, marked with an individual unique scale clip all specimens of Smooth Earth Snake and 
Redbelly Snake. Several recaptures of both species are recorded. He also evaluated reproductive 
condition of adult females. These data are maintained in FileMaker-Pro databases along with 
relevant ecological data for each capture. Voucher photographs of all Redbelly Snakes and most 
Smooth Earth Snakes were taken. Redbelly Snake in particular is polymorphic for dorsal 
coloration and ventral hue. 

Pisani took radiographs of all (28) KUMNH Redbelly Snake specimens from northeast 
Kansas to examine females in particular for reproductive data. V aria ti on in date of collection and 
state of preservation make it impossible to assess overall female fecundity or frequency of 
reproduction in this small sample, but the three obviously gravid ones contain between 6-15 
embryos which is comparable to numbers from other parts of the species range (Blanchard 1937, 
Semlitsch and Moran 1984). 

Pisani also took radiographs of 160 KUMNH specimens of the Ringneck Snake (Diadophis 
pzmctatus) from Douglas and Jefferson counties. Throughout most of its range, the Ringneck 
Snake consumes small vertebrates as well as invertebrates, though Fitch (1999) felt that this 
species in Douglas County (KS) eats only earthworms. Discovery of predation by Ringneck 
Snake on small vertebrates in Douglas County, and in particular small (immature) snakes, would 
indicate that this widespread species is a potential threat to at least immature Redbelly Snake and 
Smooth Earth Snake. Gilhen (1984) reported an ill1Il1ature Redbelly Snake and a hatchling 
Smooth Green Snake from the stomachs of two male Ringneck Snakes in Nova Scotia. Gehlbach 
(1974) noted that the Ringneck Snake in Texas preys upon Virginia (species not noted); in Texas 
the Ringneck Snake is the same subspecies as in Kansas. This work is ongoing. 

Habitat Assessment 
To characterize snake habitat, environmental features were measured at Smooth Earth Snake 

and Redbelly Snake collection sites in spring and sull1Il1er 2011. Environmental data were 
gathered at all transect sites and selected non-transect sites. At transect sites, data were gathered 
in the area along the transect. At non-transect collection sites, data were gather within 100 m of 
the collection site if the site was wooded. At non-transect sites that were not wooded, data were 
gathered in the best forest habitat within 300 m (all collection sites were within 300 m of wooded 
habitat). Environmental data were not collected from historical (museun1 record) sites with 
imprecise localities. A few sites were as close as 400 m of one another, but in all such cases the 
habitat at the two sites was distinctly different. Habitat characteristics were recorded solely by 
Busby for consistency. 

A map of habitat assessment sites is displayed in Figure 2. Geographic features recorded at 
each site were longitude and latitude (using a Garmin Etrex GPS unit, WGS84 datum setting), 
slope (with a Sunto clinometer), aspect (compass orientation of slope), and distance to permanent 
water. Forest canopy features recorded were dominant tree species, diameter breast height 
(DBH) of the 3-5 largest trees, and evidence of past disturbance such as tree cutting. Data 
gathered on the understory included dominant plant species, presence of indicator species ( early 
spring herbaceous plants associated with high quality forest such as white dogtooth violet, 
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Dutchman's breeches, wild ginger, and wake robin), litter depth, the proportion of oak leaves in 
litter, and relative frequency of downed logs and woody debris. Substrate features measured 
were soil parent material (limestone, shale, sandstone), depth of topsoil to 10 cm, and the amount 
of rock on the surface and below-ground. The quality of the natural community was assigned a 
rank of 1 to 4, as described below: 

1. High quality. Old-growth oak-hickory forest or woodland. Canopy tree composition 
dominated by oaks and hickories with early succession tree species, such as honey locust, 
Osage-orange, common hackberry, red mulberry, and black cherry, scarce to absent. In 
the understory, indicator herbaceous species common and weedy species scarce or 
absent. Little or no evidence of past disturbance (grazing, tree clearing, etc). 

2. Good quality. Oak-hickory forest or woodland with trees of variable age distribution and 
some large trees. Early succession tree species scarce to uncommon. Some herbaceous 
indicator species present. Weedy understory species uncommon to absent. Evidence of 
minor disturbance history such as tree cutting or grazing. 

3. Moderate quality. Mix of oaks, hickories and early succession tree species. Few or no 
large oaks or hickories. No herbaceous indicator species and weedy understory species 
uncommon to common. Evidence of moderate disturbance history. 

4. Poor quality. Oaks and hickories may be present, but early succession tree species 
dominant. Understory contains many weedy species and no indicator species. Evidence 
of heavy disturbance such as extensive tree clearing and heavy grazing. 
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Figure 2. Location of habitat assessment sites in northeastern Kansas. Shaded areas are urban 
areas (I tor: Lawrence, Leavenworth, and Kansas City). 
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Results and Discussion 

We have been more successful at documenting new localities for Smooth Earth Snake than 
Redbelly Snake. This may be a reflection of differential abundance between the species or it 
may be due to biases associated with our methodology, our study site locations, or other factors. 
We do have the advantage with Smooth Earth Snake of new habitat infornrntion reported by 
Pisani (2009b ). In any case, at present we have more inforniation about the distribution and 
ecology of Smooth Earth Snake than Redbelly Snake. That said, we definitely have accumulated 
considerable new information regarding the ecology and distribution ofRedbelly Snake in 
Kansas. Further, our current work on the species has provided insights for further investigation. 

Our work under this sponsored project has: 

I. Added new localities where populations of these two GCN species occur in 
fragmented habitats of northeast Kansas; 

2. Indicated areas where one or both species are believed not to be found, including 
habitats adjacent to discovered populations; 

3. Collected basic ecological data on Redbelly Snake and increased data on Smooth 
Earth Snake; 

4. Further delineated the types of habitats utilized seasonally by both species, 
particularly critical in northeast Kansas and essential to revising KDWPT Critical 
Habitat Evaluation criteria; 

5. Developed new conservation partnerships with private landowners in corridors of 
critical habitat; 

6. Assisted KDWPT in evaluating habitats imminently threatened by development. 

Transect Data 
Transects were located in five counties (Anderson, Douglas, Jefferson, Leavenworth, and 

Wyandotte) in northeastern Kansas (Table 2). The largest concentration of transects were 
located in the Baldwin Woods area in southern Douglas County (Figure I), and these transects 
were monitored the most regularly (Table 2). Given that one of the primary purposes of the 
study was to document new snake localities and evaluate habitat at collection sites, we continued 
to add new transects during the three years of the study. Selected transects (e.g., Rice East) were 
monitored more consistently, while others were checked infrequently after target snake species 
had been documented. 

The largest number of GCN records were obtained from transects in the Baldwin Woods area 
in southern Douglas County (Table 3). Of the 12 Baldwin Woods transects, Smooth Earth Snake 
was recorded on 6 transects and Redbelly Snake was recorded on 7 transects. Transects outside 
this area were generally unproductive for GCN snakes with t!JC exception of the McColl site in 
Jefferson County where intensive studies of Smooth Earth Snake have been conducted (Pisani 
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2005, 2009a, 2009b) and the Wyatt site in Leavenworth County where Redbelly Snake was 
recorded. 

Table 3. Results of transect surveys for Smooth Earth Snake and Redbelly Snake in northeastern 
Kansas in 2009-2011. 

WY WY County Lake Wyandotte County No No 

General Mo1phology, Sex Ratio. Despite small sample sizes, sex ratios of these species in 
our study are statistically 1: 1 (Table 4). Data for Snout-to-Vent Length (SVL) and Tail Length 
(TL) are tabulated as well. Our data for Redbelly Snake mean SVL by sex seem closer to 
Michigan specimens (M= 187, F= 194; Blanchard 1937) than to ones from South Carolina (M= 
150, F= 157; Semlitscb and Moran 1984), but small samples and non-normal data distributions 
preclude meaningful comparisons. 

13 



Table 4. Summary of snake species observed and animal measurements from transects. 

Sex ratio M:F = 8:7 Sex ratio M:F = 7:5 
Means* male SVL= 225.25, TL= 56.14 

female SVL= 181.71, TL= 30.43 
Means* male SVL= 180.43, TL= 50.14 

female SVL= 178.6, TL= 48.0 
* small sam !es and non-normal distributions limit utili of values 

~ ~ ~ 
West Rice I Storerio. dekayi, I Thamnophis sir/a/is 
East Rice many Diadophis, several Ca,phophis, several S. dekayi, I Thamnophis 

sir/a/is, I half-EITown Lamprope/tis calli1saster 
Earle (all) I Elaphe obso/eta, I Thamnophis sir/a/is, several Diadophis, several S. 

dekavi 
Marantz several Diadophis 
Wall Woods several Diadoohis 
Dwigans-Wilbur many Diadophis, few (3-4) Thamnophis sir/a/is, few Agkistrodon, 

several Carohoohis 
Douglas State Lake few Diadoohis, I S. dekavi 
Busby (both) 3 E/aphe obso/eta, I S. dekavi 

Non-transect Records 
In addition to snake studies using shelter transects, new snake records were obtained at nine 

other sites in northeastern Kansas during the study (Table 4 ). This includes four sites for 
Redbelly Snake (Douglas State Lake (1 ), Leavenworth County (2), and Miami County (Pigeon 
Lake and Miami State Lake). Previous records exist for Douglas State Lake and the two Miami 
County sites. Smooth Earth Snake was found at seven non-transect sites distributed in the 
following counties: Douglas (2 sites), Jefferson (1), Johnson(!), Leavenworth(!), Miami (2), 
and Wyandotte (2). Of these, previous records exist for the two sites in Miami County and the 
Seibel site near Camp Naish in Wyandotte County. Most of these records were made by 
cooperators, many of whom became aware of this study through the project website or other 
communication. 

The locations of all GCN snake records new during this study are shown in Figure 3 
(Redbelly Snake) and Figure 4 (Smooth Earth Snake). These records do not extend the range of 
either species, but do provide precise locations in areas of the state where existing records were 
few and geographically vague. 

Collection effort in this study was focused on transect methodology which limited the 
number of different areas in northeastern Kansas that could be evaluated within the timeframe of 
our funding. Approximately 30% of our transects were located in the Baldwin Woods area 
(Figure 5) in southern Douglas County, which proved to be very productive for both Redbelly 
Snake and Smooth Earth Snake. With a well-known land-use history, these tracts, and records 
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from them, provided the greatest insight into ecological characteristics favored by both target 
snake species, especially in sympatry. 

Another noteworthy collection area was the forested region north of the Kansas River in 
Jefferson, Leavenworth, and Wyandotte counties which contains many forested areas within a 
mixed agricultural and urban landscape. Most of the records for this area were for Smooth Earth 
Snake, but Redbelly Snake was also present. South of the Kansas River in northern Johnson 
County, observations of Smooth Earth Snake on a wooded hillside in Mill Creek Streamway 

Franklin 
iami I 

Figure 3. Collection localities ofRedbelly Snake in northeastern Kansas discovered during 
this study (transect and non-transect records). 
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Park (Figure 6) document that this species can persist in good quality habitat isolated within a 
large urban area. However, the size, extent, and viability of this population remain unknown. In 
southern Miami County, bluff forest along the east side of the Mari as des Cygnes River provided 
records of both species, with Smooth Earth Snake being the most abundant (Kessler 1998). We 
have records from only two sites in this area, but tbe large number of individuals found indicates 
the importance of this area. Finally, the Chippewa Hills in Franklin County supports both snake 
species based on work by Gloyd (1928) and a more recent (2002) Redbelly Snake record from 
Timber Lakes Camp (N. Engbrecht, pers. comm.) (Table 5). 

l--------"-fi7' i----+-----!-----_J 

~,,, 

Franklin I 

Figure 4. Collection localities of Smooth Earth Snake in northeastern Kansas discovered 
during this study (transect and non-transect records). 
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Table 5. Rcdbelly Snake (RBS) and Smooth Earth Snake (SES) observations from non-transect sites. Included arc records made during 
the course of this study and older records for which habitat data were gathered. 

tR13:S1\j1i~Fri}~iliMi~ffit,r:\;l;l';lf;1,~-~i~_;;_~,N11nMiJ:St~t&1t~lc€''.'.1-i[\1:i'n:;::fa'.~Y~211lfri:·;:;L1;~i\i~~f94:7:ij#S:8~;;;}!i111;i'.~iOirt'i;;-~Jji\_;;pi;3h1~2:o,0_9\'.;i;r!L1t;\m1f PW6ti>~,w::~~~1'.''.i'i;Eri~--*~-~~1~:1~ 

SES Douglas Breidenthal Preserve 38.80958 -95.18854 <40m 4/5/2011 

n:sE~l1mmmr1111m~fl1!ll[~llfulrr*mi~/ll~liRtbifiJ™ifail~~!~~~\ llmH-3:8~96~iUB!l¼ml.ill~m~~3~~-7,031Jrrll~1lm~~JiO~if1mtij)lfi!IA~l~l2'6'.t'.OW:!m1lnim{lnu!l½l!1~01m!il~~l)il11;lllBliiF=wf,~~ITA1&6~fiffif~il)liif[ltmmm1mm;u~ 
SES Jefferson 37th Street 39.11335 -95.27249 <JOO m 5/16/2010 MHP Dan Krull (G.Pisani &ITC verify) 

Nov. 2009, 
SES Johnson Mill Creek Park 39.0027 -94.8159 <l Om 3/31/2010 photo Jon Park (2009), G. Pisani (2010) 

SES 

SES 

Scatter Creek @ 
Leavenworth Union Road 

Miami 

~1~~~1il~rn!l1l~~11&!~~f l!~l~~i~ti~~ 
SES Wyandotte K7 at 1-70 

SES Wyandotte N of Camp Naish 

39.28624 -95.20816 <500m 
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Figure 5. Redbelly Snake habitat south of Douglas State Lake in the Baldwin Woods area. 
Snakes were captured under tins in oak-hickory forest and at the forest-grassland edge. 
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Figure 6. Smooth Earth Snake habitat in oak-hickory forest at Mill Creek Streamway Park, 
Johnson County, Kansas. 

Ants and Ant Associations 
Building on recent research by Pisani (2009a), we have discovered associations between 

certain ant species and both target snake species at Rice Woods. Evidence suggests that several 
species of small snakes use ant nests as hibemacula. This may expand the ecological tolerances 
of these snake species in that they are less dependent, or not dependent, on rocky slopes with 
crevices for hibemacula sites. Our data show that the associated species of ants (which will be 
sent to specialists for identification under our new funding) are more widely distributed than are 
these two snake species, indicating that critical habitat for the snakes includes additional 
ecological factors. 

Ant nest refugia may also serve several species of small snakes as late-summer shelters from 
extremely dry conditions (cf. July-August 2011). 

Food and Feeding 
The diet of each species may have implications for their distribution, and helps define 

suitable habitat for them. Smooth Earth Snake feeds on earthworms, which are fairly widely 
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distributed across habitat types. The ability of earthworms to burrow in the soil in response to 
moisture conditions may increase their habitat tolerance. Pisani (2009b) routinely collected and 
microscopically examined scats of Smooth Earth Snake and we continued to do so in this study. 
Scats from Smooth Earth Snake and Redbelly Snake have been opportunistically collected, 
preserved in 95% EtOH, and examined microscopically within 5 days after collection. Samples 
are maintained in GRP reference collection. As reported by Pisani (2009b ), the sole identifiable 
prey remains in Smooth Earth Snake samples are earthworm setae. 

In contrast, Redbelly Snake is believed to be a slug specialist (Semlitsch and Moran 1984; 
Gilhen 1984) and its Kansas habitat selection may be correlated with the distribution of two 
species of native Kansas slugs. In South Carolina, Semlitsch and Moran (1984) reported that 
"l 00% of the stomach contents of IO snakes were slugs of the families Philomycidae and 
Limacidae." 

So far, no identifiable prey remains have been seen in Redbelly Snake scat samples. Thus, at 
least for samples examined to date, earthworms are not a Redbelly Snake prey item in natural 
conditions, though some anecdotal references continue to claim Redbelly Snake eats earthworms 
and even small arthropods. We believe that instances ofrecovering remains of small arthropods 
from Redbelly Snake samples reflect secondary ingestion of animals adherent to slugs during 
predation on said slugs. LeClere (2011) noted that prey other than slugs would rarely be 
consumed in captivity but only if prey was scent-marked with slugs. Gloyd (I 928: 130) collected 
both species (only 2 Smooth Earth Snakes but several Redbelly Snakes) from the predominantly 
sandstone-substrate woods of southwest Franklin County in the vicinity of Homewood. He found 
the Redbelly Snakes in moist habitats and reported that in the lab " ... few were persuaded to feed. 
Some occasionally ate earthworms." 

We have found two species of native slugs in habitat utilized by Redbelly Snake: Deroceros 
laeve and Philomycus carolinianus. Known distributions of both species in Kansas are riparian 
(Leonard 1959), and P. carolinianus has been characterized as preferring "lowlands near 
streams" (Branson I 962). Redbelly Snake in Nova Scotia was found to feed exclusively upon P. 
carolinianus (Gilhen 1984). This could explain the wider distribution of Smooth Earth Snake in 
eastern Kansas relative to that of Redbelly Snake. 

Unlike earthworn1s, slugs are not known to have any anatomical features that pass intact 
through a snake digestive system. GRP continues to review slug anatomy for any such features. 

Growth and Reproduction 
Smooth Earth Snake litters are composed ofrelatively large neonates (Pisani 1971, 2009b), 

whereas there is more variation in Redbelly Snake litters (Blanchard 1937, Semlitsch and Moran 
1984). Redbelly Snake fecundity is high through most of its range (Blanchard 1937, Semlitsch 
and Moran 1984), a characteristic shared with its more widely-distributed congener Storeria 
dekayi. Blanchard (1937) recorded 90% of mature females ofRedbelly Snake collected in 
summer were gravid. Birth dates (57 females) varied from 8 August to 5 September (with most 
during August 10-23); average per litter was 7.18 (s.d.= 2.54). A few obvious post-partim 
females were wild-caught by Blanchard between late July and 1 August. 
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Semlitsch and Moran (1984) found young of year Redbelly Snakes July-August in South 
Carolina, and that age class increased in SVL by 50% prior to hibernation. Neonates of this 
species are probably capable of breeding by the end of their 2nd full year. Mature females seem to 
reproduce anoually. 

Our sole live-captured gravid female Redbelly Snake contained 12 embryos; two others 
caught in late April-early May contained 4 and 6 mature ovarian follicles. There were nine 
embryos in our one gravid live-caught Smooth Earth Snake. All numbers are well within 
published data for the species. 

Movements and Population Sizes 
Recapture data for both these species are uncommon (Todd et al. 2008), especially for 

juveniles. This may reflect cryptic behavior or may simply reflect the fact that most investigators 
using transects (Todd et al. 2008, Pisani 2009b) employ station-spacing too great to provide 
meaningful (and not autocorrelated) data for juveniles. 

Blaochard reported no recaptures of marked Redbelly Snakes in any successive year aod few 
within a year. The few within-year recaptures indicated the snakes moved 100 to several hundred 
feet, sometimes in just 5 days. Pisani (2009b) reported similar movements in spring for Storeria 
dekayi though with increased hibemaculum fidelity. 

Semlitsch and Moran (1984) recaptured an average of just 8% of marked Redbelly Snakes 
[and this within the entirely fenced populations they studied]. Of our 12 marked Redbelly Snakes 
from Rice Tract just one juvenile was recaptured (twice after initial capture), at the same location 
as its initial capture. Though autocorrelated, these two recaptures occurred 14 and 21 days after 
initial capture during March 2009. This one specimen obviously is insufficient data upon which 
to base conclusions, though its site fidelity (possibly linked to its date of egress from hibernation) 
is noteworthy. 

Our sole autocorrelated recapture of a male Smooth Earth Snake from the same tract (9 days 
after initial capture) may similarly reflect post-egress site fidelity. 

Longevity 
Redbelly Snake is not a long lived species. Bowler (1977) noted a wild-caught adult that 

lived for 2 years 2 months in the Philadelphia (PA) Zoo; given the estimate of attainment of 
maturity in this species as 2 years (Semlitsch and Moran 1984), the zoo animal (gender 
unknown) would have been 4-4.5 years old. Comparable data for Smooth Earth Snake are not 
available. 

Sources of potential natural mortality for small snakes are myriad, and were reviewed for 
Smooth Earth Snake by Pisaoi (2009b). In the present study, a male Smooth Earth Snake 
(225mm SVL) with a recent and deep wound at the base of its tail was collected and marked by 
GRP on 5 May 2009. A similar size male with a healed broken tail was marked 12 May 2009. 

As discussed above, the snake fauna associated with these GCN species on our study tracts is 
not extensive, with just one specimen of ao ophiophagous species (Prairie Kingsnake, 
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Lampropeltis calligaster) found in the Rice Tract. The radio graphs did not reveal any definable 
prey in museum specimens of Ringneck Snake, though a sample more concentrated in the 
months of April and September would be desirable. This work is ongoing under our new 
funding. 

Habitat Assessment 
Environmental data were gathered at 28 sites (5 Redbelly Snake sites, 15 Smooth Earth 

Snake sites, 6 sites where both species were encountered, and 2 sites where neither species was 
found) in 7 counties in northeastern Kansas (Figure 2). 

Geographic features. The topography at the sites consisted of moderate to steeply-sloping 
hills (Table 6a). Average slope at evaluation sites varied from 2-19.5% (mean 8.6%). Sites 
with the gentlest slopes, such as Busby2, McColl, and Timber Lakes, were located on ridges or 
in valley bottoms with steeper terrain nearby. The rugged, hilly terrain occupied by GCN 
snakes is not characteristic of the study area as a whole, which is mostly level to gently rolling 
land. 

For both species, the primary compass orientation of the terrain was north, east, and west 
(Figure 7). At only two sites did the primary orientation have a southerly aspect. However, 
most sites had slopes of varying aspect nearby as indicated by values for secondary aspect in 
Table 6.a. In addition, several Smooth Earth Snakes were collected at open sites a short distance 
from that of the forest assessment, which may have had a different aspect than that of tl1e 
assessment site. 

Proximity to pern1anent water was a characteristic shared by most collection localities. A 
majority of sites (15) were witl1in 100 m of a stream or pond. This pattern was more pronounced 
for Redbelly Snake, where 8 of 11 sites (73%) were within 100 m of water and 10 of 11 were 
witl1in 250 m. 

Forest Canopy. All snake collection sites for which environmental data were obtained were 
located in or adjacent to some type of wooded habitat (Table 6b). Oaks and h1ckories were the 
dominant canopy trees at all but four sites, two of which (McColl and Douglas State Lake) had 
extensive oak-hickory forest nearby. The other two sites not dominated by oaks and hickories 
were sites where neither target snake species was detected. 

The two most co=on trees at snake collection sites were black oak and shagbark hickory. 
These two trees were the dominant or co-dominant canopy species at approximately 40% of sites 
for both Smooth Earth Snake and Redbelly Snake (Figure 8). Other co=on dominant species 
at snake sites were 5 additional species of oaks (chinquapin oak, northern red oak, white oak, 
post oak, and blackjack oak). Witl1 the exception of northern red oak and white oak, the above 
tree species are more characteristic of dry, upland forest, woodland, or savanna than they are of 
mesophytic closed-canopy forest. Although the sample size is small, Redbelly Snake sites were 
consistently in oak-hickory forest whereas some oftl1e Smooth Earth Snake sites were 
dominated by disturbance tolerant species such as black walnut, common hackberry, honey 
locust, and American elm. 
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Tree size varied greatly among sites (Table 6b). Old-growth sites, such as Rice Woods, had 
many large trees(> 15" dbh) and a variety of tree sizes. Tree size at some sites, such as Camp 
Naish North, Clouser, and McColl, was uniformly small with few trees larger than 12" dbh. 
However, at nearly all snake sites, at least a few large trees(> 15" dbh) were present, suggesting 
that the sites had not experienced complete tree removal in recent decades. 

Forest condition at GCN snake sites varied from high-quality, old-growth forest with little to 
no evidence of past human disturbance to low quality sites consisting mostly of smaller trees 
with evidence of significant past disturbance, such as extensive tree clearing and prolonged 
grazing. While we have little information on site histories, few if any of the sites showed 
evidence of complete loss of the original plant community due to agricultural tillage, human 
development, etc. Such severely disturbed sites typically do not revert to oak-hickory forest for 
many years or decades. 

U11dersto1J'• Understory features at GCN snake sites are shown in Table 6c. The understory 
was composed of a combination of herbaceous and shrubby species. At high-quality mesic sites, 
the understory was dominated by herbaceous vegetation and included spring ephemeral species, 
such as dogtooth violet, Dutchman's breeches, and wild ginger that are less tolerant of grazing 
and other surface disturbance. At drier sites, spring ephemerals were scarce; at the few high 
quality sites were dominated by prairie or forest edge species such as hairy sunflower, prairie 
lespedeza, and wood betony. Weedy species, such as garlic mustard, multiflora rose, and white 
snakeroot, were common at sites with a history of heavy grazing or other disturbance. Other 
species, such as Virginia creeper, white avens, and coralberry, were nearly ubiquitous, occurring 
at the great majority of sites regardless of forest quality. Thus, understory vegetation can be used 
to indicate site history and the degree of past disturbance from grazing or other disturbance. 

Litter at most sites was dominated by oak leaves (Table 6c ), which are resistant to decay and 
remain as litter for longer than other types of dead plant material. Litter depth at oak-dominated 
sites averaged 3-6 cm and 2-4 cm at sites with few oaks. Woody surface debris such as downed 
logs and branches were present at all sites to a varying degree. Where the canopy was 
dominated by small, actively-growing trees, the amount of woody debris was low; whereas, at 
sites with many mature trees, dead and dying trees contributed to greater woody debris on the 
ground. However, the data gathered on this subject was not quantitative, and tl1erefore not 
conclusive. 

Substrate Features. The study area was located in the Osage Cuestas and the southern edge 
of the Glaciated Region in Kansas where the surface geology consists primarily of alternating 
layers oflimestone and shale of Pennsylvanian and Permian age (Wilson 1984). Layers of 
sandstone are also present in parts of Franklin, Douglas, Leavenworth and Wyandotte counties. 
Thus, it is not surprising that the predominant substrate at snake sites was limestone and shale 
(Table 6d). More noteworthy is the large number (10) of sites with sandstone in the substrate 
given the overall scarcity of sandstone in the region. The amount of rock on the surface and in 
the substrate varied widely among sites. Rock was common in the top 10 cm of soil at a 
minority of sites (Camp Naish, Mill Creek Park, Pigeon Lake, and Scatter Creek), all of which 
had limestone-dominated substrates. The relative amount of rock on the surface and in the 
substrate varied widely among sites. Many sites had large amounts of surface and substrate rock 
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while others had little to no rock on the surface and little in the substrate. Rock tended to be 
abundant at sites with limestone substrates and scarce at shale- and sandstone-dominated sites. 

Environmental Features vs. Suitable Habitat 
Interpretation of environmental features measured at snake collection sites in this study is 

limited by sample size and by non-random site selection. Ideally, randomly selected sites with 
and without the target snake species would be selected and compared. The problem with this 
approach is that non-occurrence could not be determined due to our inability to document the 
absence of target snakes at sites. Instead, we are limited to looking at habitat traits where 
Redbelly Snakes and Smooth Earth Snakes are found. Such sites were not commonplace nor 
were found in typical land-cover types in the study area. Sites in or adjacent to oak-hickory 
forest are scarce and generally limited to riparian zones and steep, hilly terrain. In contrast, the 
dominant land use in the study area is agricultural and residential. 

Environment features that characterize snake sites include oak-hickory forest of high to 
moderate quality; east, west, or north-facing slopes in hilly terrain; disproportionate frequency of 
sandstone substrates; and proximity to streams. Whether these traits are real and not just a 
chance pattern in a small sample size will require further research. If they are real, it remains to 
be determined which are important habitat features and which are simply correlated with other 
factors that are important. For instance, most of the above traits are common to forested 
environment in Kansas. Steeper terrain is more resistant to fire movement. South-facing slopes 
tend to be drier and hence Jess suitable for tree growth whereas north-facing slopes tend to retain 
moisture. Trees favor moist environments where streams are also more common. Sandstone
derived soils are more favorable to tree development than limestone or shale-based soils. In 
addition, other traits that have been associated with target snake species habitat may not be 
important to snakes directly but simply factors common to where Redbelly Snakes and Smooth 
Earth Snakes have been found. Dense leaflitter (see Collins 1993) is characteristic of oak
dominated forest. Oak leaves are resistant to decay and tend to develop into a thick litter layer. 
Rotten logs (Gloyd 1928) are a feature of mature forests where dead and dying trees provide a. 
source of dead-fall. Areas with surface rock provide a means by which collectors can effectively 
search for snakes by flipping rocks (Pisani 2005). Detern1ining which habitat factors are 
in1portant vs. incidental is a challenge, but one that must be met if we are to refine our 
understanding of habitat parameters. 

Other environmental features examined in this study did not stand out as being associated 
with snake habitat or had ambiguous results. Dense leaf litter was common to most collection 
localities, but sites where snakes were most frequently found, such as Rice East and McColl, had 
relatively thin leaflitter (presumably due to the high relative abundance of hickories). No traits 
associated with the species composition of understory vegetation emerged as being important. 
All sites had downed logs and deadfall, but variation among sites was substantial. The amount 
of surface and subsurface rock varied from abundant to absent, indicating that the presence of 
rock is not a critical habitat component (see also Pisani 2005, 2009b ). 

Habitat use among the two species differed in two respects. First, Redbelly Snake was 
restricted in this study to oak hickory forest or forest edge whereas Smooth Earth Snake was 
sometimes found in open habitats adjacent to forest and in more disturbed forests. Pisani 
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(2009b) documented extensive use by Smooth Earth Snake of edge and grassland habitat at a site 
where the planted warm-season grassland had accumulated several years of thatch; thatch helped 
retain soil moisture as well as ameliorating high summer surface temperatures. Second, most 
Redbelly Snake captures were within I 00 m of streams, while Smooth Earth Snakes were often 
found at modestly greater distances from water. This finding may reflect a stronger preference 
by Redbelly Snakes for the moist environment and food supply associated with wooded valleys 
and riparian areas. 

The remnant old growth Eastern Deciduous Forest habitats that thus far seem preferred by 
Redbelly Snake are, in Kansas, characterized by a relatively depauperate snake fauna (Fitch 
1999, 2006). Though we cannot presently say with certainty, a diminished snake fauna may 
result in reduced competition for needed resources (i.e., prey) and perhaps more importantly, 
reduced predators (especially for i=atures). Snakes are well-known predators on snakes (see 
references to ophiophagy at http://www.herplit.com/contents/HR.html) and common 
ophiophagic genera such as Coluber and Lampropeltis have been either uncommon or totally 
lacking) in our transects where Redbelly Snake has been found. 
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Figure 7. Number of sites with indicated compass orientation of the slope (aspect) at 
observation sites for Redbelly Snake (left) and Smooth Earth Snake (right) in northeastern 
Kansas (data from Table Sa). 

25 



Black Oak 

Chinquapin Oak 

Red Oak 

White Oak 

Post Oak 

Burr Oak 

Blackjack Oak 

Shagbnrk Hickory 

Bitternut Hickory 

Black Walnut 

Sugar Maple 

Hackberry 

Honey Locust 

American Elm 

0.0 10.0 

■ Redbelly Snake 

■ Smootl1 Earth Snake 

20.0 30.0 40.0 50.0 

Percent of Sites 

Figure 8. Dominant canopy trees at snake capture sites. Percentages based on the two most 
abundant tree species at each Redbelly Snake (n = 11) and Smooth Earth Snake site (n = 20). 
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Table 6a. Geographic features at habitat evaluatioo sites for Redbelly Snake and Smooth Earth Soake in northeastern Kaosas. 

Redhelly Snake sites 

Busby! DO 38.82614 -95.14598 7/27/2011 5.0 3-7 8 NE N X 

Busby2 DO 38.82619 -95.14109 7/27/2011 2.1 1-5 JO SE NE X 

Earle 2010 DO 38.78417 -95.15646 4/14/2011 7.3 2-1 I 12 NW w X 

Timber Lnkcs FR 38.5561 -95.3929 7/29/2011 3.2 0-7 JO w E X 

Watt LV 39.11691 -95.17128 8/1/2011 4.4 1-11 JO NW s X 

Smooth Earth Snake sites 

37lh Street JF 39.11089 -95.2697 7/28/2011 15.9 12-18 7 E X 

Camp Naish North WY 39.09286 -94.85362 5/6/2011 JO 1 NE E x? 

Camp Naish South WY 39.08455 -94,85595 7/28/2011 11.4 6-18 10 w E X 

Camp Naish-Quarry WY 39,07786 -94.86449 5/6/2011 13 6-20 4 NE X 

Clouser LV 39.07383 -95.18625 8/1/2011 7.7 2-18 10 NE NW X 

Douglas State Lake DO 38.8039 -95.15006 4/14/2011 6.7 0-12 10 E SE X 

K7 al 1-70 WY 39.10261 -94.88052 5/6/2011 5.5 4-7 2 w s X 

McColl Tract JF 39.047939 -95207706 4/28/2011 2.2 1-3 4 N X 

Miami State Lake-Site A Ml 38.42187 -94.7878 7/29/2011 13.4 2-27 JO NW N X 

Miami State Lake-Site C Ml 38.41595 -94.79058 7/29/201 I 8.6 2-28 JO NW SW X 

Mill Creek Park JO 39.0027 -94.8159 7/28/2011 21 7-32 10 w X 

Old Baptist Camp JF 39.2006 -95.37711 4/28/2011 s SE X 

Rockefeller Woods JF 39,048109 -95205366 4/28/2011 11.3 8-14 3 N X 

Wall Woods DO 38.8042 -95.20478 4/12/2011 13.6 7-22 8 N NW X 

Sites with both species 

Earle 2011 DO 38.78484 -95.15557 4/14/2011 7.3 0-20 17 NW vminble X 

Pigeon Lake Ml 38.40694 -94.79118 4/18/2011 4.9 0-10 9 w NW X 

Rice East DO 38.81019 -95.17755 4/14/2011 4.1 2-8 16 E N X 

Rice West DO 38.81112 -95.1842 4/14/2011 3.7 2-6 JO NW N X 

Scalter Creek JF 39.28624 -95.20816 4/28/2011 19.5 14-25 2 N NE X 

Wilber-Dwigens DO 38.81326 -95.1-9581 4/12/2011 5.7 0-15 22 E w X 

Sites with 11either species 

Boyd Woods DO 38.81087 -95.17581 4/14/2011 4.5 1-11 15 w NW X 

Marantz DO 38.81156 -95.1679 4/12/2011 5 1-9 JO N NE X 

27 



Table 6b. Canopy traits at habitat evaluation sites for Redbelly Snake and Smooth Earth Snake. Quality ranks (1-4) arc explained in 
methods. Doml-3 refers to the 3 most abundant tree species. DBH values are the mean of the three largest trees measured at a site. 

Redbelly Snake sites (in.) 
-Busby I Oak savanna/woodland 2 Blackjack 0 Black 0 Chinq 0 16.1 Young oaks in native prairie 

Busby2 Oak woodland 3 BlockO Blnclrjack 0 Chinq 0 17.6 Second-growth in fonncr pasture 
-· Earle 2010 Oak woodland 3 Bloclrjnck 0 Post 0 SB Hickory 16.9 Second-growth in fonner pasture 

Timber Lakes Oak forest 2 Black 0 RedO SB Hickory 29.8 Old-growth along creek; second-growth in uplands 
Wxatl Oak woodland 3 Block 0 SB Hickol)' Walnut 24.4 Mixed corneosition second-g£□wth: many large trees 
Smooth Earth Snake 
37th Street Oak forest 2 Black 0 SB Hickory Burro 24.9 Old-growth/second-growth mix; many large trees 
Camp Naish North Oak forest 3 BlackO RedO 14.6 Regrowth, mostly 6-12" dbh 
Camp Naish South Oak forest 2 BlockO BNHickory Post 0 23.5 Old-growth near crce"1 rnoslly second-growth on slopes 
Camp Nnish-Quany Oak forest I WhiteO Chinq 0 Block 0 24.3 Old-growth ndjucent lo disturbed forest 
Clouser Ouk forest 3 Blnck O SB Hickory Walnut 19.8 Mostly second-growth; most trees 6-1211 dbh 

.-Douglas Stnle Luke Onk forest 3 Huckberry Honey locust Am.Elm 16.9 Second growth; most trees 6-1211 dbh 
K7 al 1-70 Oak woodland 3 Burro White Oak SB Hickory 29.3 Savanna to forest transition; disturbed w/ some old-growth 
McColl Tract Successional woodland 4 Walnut Hackberry SB Hickory 15.1 All second-growth; mostly non-oaks; most trees 6-811 dbh 
Miami Slate Lake-Site A Oak forest 3 Chinq. 0 Sug. Maple Redo 21.0 Mostly second-growth; variable tree size 
Miami Slnte Lake-Site C Oak Woodlnnd 2 Chinq. O SB Hickory SugnrMnple 22.3 Old-growth on rocky uplands 
Mill Creek Park Oak forest 2 RcdO Block 0 Chinq 0 24.3 Old-growth on lower slope, second-growth on upper 
O1,d Baptist Camp Oak woodland 2 Chinq. 0 Black 0 SB Hickory - Mature woodland w/ pust disturbance; most< 12 " dbh 
Rockefeller Woods Oak woodland/forest 3 RcdO Chinq O SB Hickory 16.9 Fonner savanna; disturbed; variable tree size 
Wall Woods Onk forest I SB Hicko~ RedO Blnck 0 15.0 Old-
Sites with both 

~Earle 2011 Oak forest & woodland 2 Posto Black 0 Blackjack 0 21.9 Old-growth near creek, second-growth on uplands 
Pigeon Lake Mixed onk woodland 3 Am.Elm BNHickory RcdO 18.5 Mostly second-growth; some large trees; grazed 

.,.Rice East Oak forest I SB Hickory White Oak RcdO 20.5 Old-growth w/ some past tree cutting; many large trees 
~Rice West Onk forest I White 0 SB Hickory Ash 23.9 Old-growth w/ some past tree cutting; many large trees 
Scatter Creek Oak woodland I RedO SB Hickory Burro 17.6 Old-growth/second-growth mix; most trees < IO II dbh 

..c..Wilber-Dwigens Oak woodland 2 Ching. O SB Hickol)' Block 0 14.0 Fonner oak savanna; trees up to 15"dbh 
Sites with 11either species 

Boyd Woods Successional woodland 3 Posto Black locust Hackberry 15.7 Second-growth; oak on upper slope only 
Marantz Second growth 4 SB Hickory Hedge Walnut 18.4 
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Table 6c. Understory characteristics at habitat evaluation sites for Redbelly Snake and Smooth Earth Snake in northeastern Kansas. 

o~~;tr~]ll~iliii~~!~:1lt-
Redbelly S11ake sites 
Busby] None sumac, blackberry, dogwood, Virginia creeper, prairie lespedeza 5.4 2-10 14 Mostly oak Little 
Busby2 None Virginia creeper, sumac, sedges, white snakeroot, blackberry 4.6 2-7 14 Mostly oak Moderate 
Earle 2010 Few ovens, multiflora rose, coralberry 5.9 4-8 12 Mostly oak Moderate 
Timber Lakes unknown tickclover, sedges, coralberry, gooseberry, Virginia creeper 3.1 2-5 10 Mostly oak Much 
W:tatt Ve!}' few cornlbe!:!)'., goosebe!:!):'., avens, Virginia crccecr 2.6 1-5 10 Little oak Much 
Smooth Earth Snake sites 

avens. Virginia creeper, gooseberry, bladder-nut, sedges, 
37th Street unknown goldenrod 5.2 4-7 9 Mostly oak Moderate 
Camp Naish North None avens, coralberry 5 2 Mostly oak Little 
Camp Naish South None ovens, coralbcrry, Virginia creeper, tickclover 4.8 0-10 10 Mostly oak Moderate 
Camp Naish-Quarry Many avens, coralberry, wild ginger, mostly herbaceous 4.4 3-7 11 Mostly oak Moderate 
Clouser unknown Virginia creeper, avens, tickclover, coralberry 2.7 1-6 10 Partly oak Little 
Douglas State Lake None avens, honeysuckle 3.2 2-5 10 Partly oak Much 
K7atl-70 None gooseberry, spring beauty, goldenrod, coralberry, nvens 4.3 3-7 11 Mostly oak Moderate 
McColl Tract None avens, coralberry(++), sedges, garlic mustard, gooseberry 2 1-3 5 No oak Moderate 
Miami State Lake-Site A unknown Virginia creeper, sedges, tickclover 3,2 2-5 10 Mostly oak Much 
Miami State Lake-Sile C unknown hairy sunflower, grass, goldenrod, prairie lespedezn., wood-oats 2.3 1-4 10 Mostly oak Moderate 
Mill Creek Park None Virginia creeper, avcns, white snakeroot, coralberry 3.3 0-9 12 Mostly oak Moderate 
Old Baptist Camp unknown no data Mostly oak Moderate 
Rockefeller Woods None coralberry, nvens, gooseberry 4 3-5 2 Partly oak Moderate 
Wall Woods Many dos;tooth violet, gooseberry, sedges 6 4-8 8 Mostly oak Moderate 
Sites with both species 
Earle 2011 Few sedges, coralbeny, dogtooth violet 5.1 3-7 17 Mostly oak Moderate 
Pigeon Lake None grass, violets, gooseberry, coralberry, groundsel 3.8 3-6 9 Mostly oak Little 
Rice East Many gooseberry, coralberry, sedges, dogtooth violet 3.8 3-7 16 Mostly oak Much 
Rice West Many avens, sedge, coralberry, may apple, spring ephemerals 4.7 4-6 11 Mostly oak Much 
Scatter Creek Few bladder-nut, gooseberry, dogtooth violet, mostly herbaceous 5.2 3-6 5 Mostly oak Moderate 
Wilber-Dwigens None gooseberry, coralberry, grasses 5 4-8 10 Mostly oak Much 
Sites with neither species 
Boyd Woods None gooseberry, coralbcrry, avens, grasses 4.6 1-8 15 Partly oak Moderate 
Marantz None cornlberry, grasses 3.8 3-8 10 Not oak Little 
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Table 6d. Substrate features at habitat evaluation sites for Redbelly Snake and Smooth Earth Snake in northeastern Kansas. 

Redbel/y Snake sites 
Busby! sandstone, shale, limestone >10 no little some 

Busby2 sandstone >10 little? none seen little 

Earle 2010 Sandstone >10 some little some 

Timber Lakes sandstone >10 some? none seen some 

W~att limestone, shale >IO some little lots 

Smooth Earth Snake sites 
37th Street Limestone, shale >10 little moderate lots 

Camp Naish North >10 no? little lots 

Camp Naish South limestone (sandstone upslope) 6-10 little lots lots 

Clouser limestone, shale >10 some? little lots 

Douglas State Lake Sandstone >IO lots little some 
K7 atl-70 sandstone >10 little none seen little 

McColl Tract limestone, shale >IO some none seen some 

Miami State Lake--Site A Limestone >10 some lots lots 

Miami State Lake--Site C Limestone no? lots lots 

Mill Creek Park limestone 3-6 little lots lots 

Old Baptist Camp limestone, shale -- unknown lots lots 

Camp Naish-Quarry sandstone, limestone 6-10 no moderate lots 

Rockefeller Woods limestone, shale >10 some moderate some 

Wall Woods sandstone, limestone, shale >IO no little little 

Sites with both species 
Earle 201 I Sandstone >IO some little some 

Pigeon Lake limestone, shale 3-6 little? lots lots 

Rice East limestone, shale >10 no little little 

Rice West limestone, shale >10 none none seen none seen 

Scatter Creek limestone, shale 0-2 some? lots lots 

Wilber-Dwisens limestone, shale >10 some lots lots 

Sites with 11either species 
Boyd Woods shale, sandstone >10 lots very little some 

Marantz limestone.!. shale >IO some? none seen none seen 
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Conclusions 

Smooth Earth Snake and Redbelly Snake were found in oak-hickory forest habitats in eastern 
Kansas. Sites were characterized east-, west-, and north-facing slopes in hilly terrain with 
limestone, shale or sandstone substrates. The amount of surface rock at capture sites varied 
widely from near zero to abundant. 

Monitoring transects of artificial shelters, we found activity by both species was highee in early 
spring (March-April) than in late spring or early summer. Snakes were observed in association 
with ant colonies and appear to utilize ant burrows as over-wintering sites as described by Pisani 
(2009b). The depauperate snake community we documented in closed-canopy forest may result 
in reduced predation on small-bodied snakes. 

ln this region, Redbelly Snake appears to be restricted to wooded habitats, primarily high- to 
moderate-quality oak-hickory forest. A slug-specialist, the occurrence of this snake may be 
limited in Kansas by food supply to moist sites that support prey populations. 

Smooth Earth Snake exhibited wider habitat tolerances that included open sites adjacent to 
forest. It has a diet of earthworms and exhibits greater resistance to desiccation than some other 
species of small snakes (Elick and Sealander 1972). These traits may play an important role in 
habitat selection and general ecology of the species. 

The findings of this study should be used to re-evaluate critical habitat criteria for these two 
species in Kansas. 
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Appendices 

Appendix 1. Summary table of study goals and outcomes. 

[Ji)utt'oni'e;: 
I. Define the true areal limits of Pisani' s present small study population of Smooth Done 
Earth Snakes (this population potentially includes adjacent properties of several 
riv ate owners). 

2. Refine a model of seasonally changing habitat usage by that species through its Done 
activity eriod of March-October. 
3. Locate and geo-reference additional populations of Smooth Earth Snake and Done 
Redbell Snake, rimaril within the 4-count area of concentration of the ant. 
4. Use classical mark-recapture technique to assess the size and seasonal habitats of (I) 

o ulations located. 
5. Collect basic ecological data on Redbelly Snakes and increased data on Smooth Done 
Earth Snakes. 
6. Determine ecological variables for each species that best define Critical Habitat in Ongoing 
Kansas. 
7. Determine the most i=ediate threats to Critical Habitat to facilitate effective 
KDWPT management of theses ecies. 

(2) 

8. Use this information to try to predict the locations of populations elsewhere in Ongoing 
northeast Kansas. 
9. Evaluate the validity of those redictions by sam ling those locations. Done 
10. Accomplish the several outreach products defined in the project, reflecting the Done 
ublic involvement and artnershi s com anent of the CWCP 

(!)-Done for Smooth Earth Snake, Ongoing for Redbelly Snake 
(2)-Threats vary with area but largely involve destruction of old-growth forest habitats and 
adjacent grasslands 
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Appendix 3. List of plants species recorded during habitat evaluations in this study. 

Trees, Shrubs, and Vines 

Acer saccharum sugar maple 

Asimina lriloba pawpaw 

C01ya cordi.formis bitternut hickory 

Ca1J,a ovata shagbark hickory 

Ce/tis occidentalis common hackberry 

Cercis canadensis redbud 

Camus drummondii rougWeaf dogwood 

Diospyros virginiana persimmon 

Fraxinus pennsylvanica green ash 

Gledilsia triacanthos honey locust 

Gymnocladus dioicus Kentucky coffee tree 

Jug/ans nigra black walnut 

Juniperus virginiana eastern red-cedar 

Madura pomi.fera Osage orange 

l.eforus rubra red mulberry 

Os1JJ1a virginiana hop-hornbeam 

Parthenocissus quinquefolia Virginia creeper 

Platamis occidentalis sycamore 

Prunus serotina black cherry 

Quercus alba white oak 

Quercus macroca,pa bur oak 

Quercus marilandica blackjack oak 

Quercus muehlenbergii chinquapin oak 

Quercus rubra northern red oak 

Quercus stellata post oak 

Quercus velutina black oak 

Ribes missouriense Missouri gooseberry 

Rubus sp. blackberry 

Staphylea tri.folia American bladdernut 

Symphoric01pos orbiculatus coralberry 

Tilia americana American basswood 

Ulmus americana American elm 
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Herbaceous Species 

Alliaria petiolata garlic mustard 

Asarum canadense wild ginger 

Campanula american American bellflower 

Carexsp. sedge 

Chasmanthium latifolium Broad-leaf wood-oats 

Claytonia virginica spring beauty 

Desmodium glutinosum large-flowered tickclover 

Dicentra cucul/aria Dutchman's breeches 

E1J1throniu111 albidum white dogtooth violet 

Ageratina a/tissima white snakeroot 

Geum canadense white avens 

He/ianthus hirsutus hairy sunflower 

Impatiens capensis spotted jewel weed 

Lespedeza violacea prairie lespedeza 

Lonicera sp. honeysuclde 

Packera obovata groundsel 

Pedicularis canadensis wood betony 

Phlox divaricata sweetwilliam phlox 

Podophyllum pelatum May-apple 

Polygonatum bijlorum Solomon's seal 

Rims aromatica fragrant sumac 

Rims glabra smooth sumac 

Rosa multijlora multiflora rose 

Solidago sp. goldenrod 

Trillium sessile wake robin 

Viola sp. violet 

Viola pubescens downy yellow violet 
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