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INTRODUCTION 

HSI Models 

Habitat models became necessary when the United States 

passed the National Environmental Policy Act of 1969. This 

act requires that environmental impact assessments be 

completed before any activity involving federal funds begin 

(Thomas 1982). One of the most widely used ways to assess 

habitat, Habitat Evaluation Procedures (HEP), was developed 

by the U.S. Fish and Wildlife Service (Flood et al. 1977). 

HEP is used to predict the response of an individual species 

to habitat changes (Thomas 1982). This procedure requires 

that important habitat features be identified for the 

species in question. The site is then evaluated with 

respect to these features using a numerical rating system. 

Using weighted scores to account for relative importance of 

each feature, an equation is developed to calculate a final 

value, the Habitat Suitability Index (HSI). 

HSI models are good wildlife management tools for 

several reasons. If they are based on quantitative and 

measurable habitat features, the results of the analysis are 

independent of the assessor, meaning, they are precise . 

. They are also relatively quick and easy, especially when 

compared with the alternative of wildlife surveying or 

trapping. It is assumed that when models are valid, HSI 

scores are positively correlated to wildlife abundance. 

Problems do exist with this and every habitat modeling 
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technique. one of these problems is that habitat 

information for many species is not well documented or not 

even known. This makes identifying key habitat features and 

deciding their importance a difficult, and often subjective, 

task. Another difficulty is in the validation procedure. 

Due to time constraints, often only a one year sample of 

species habitat use data is used to validate the model. 

Cole and Smith (1983) argue that this is not an adequate 

sampling. They found that HSI equations had to be reworked 

several times before some models would accurately predict 

where animals could be found. This trial and error method 

of validation can be very time consuming. Many models are 

never tested (Berry 1986). 

HSI models have been created for many animal species, 

but an extensive literature review revealed only one 

constructed for a snake species (HEP Group, U.S. Fish and 

Wildlife Service 1979). A probable reason for this is the 

lack of definitive habitat information for snakes. Much of 

the information that does exist is found in the sparse 

habitat descriptions that accompany specimens in personal or 

museum collections. Another reason is that snakes are 

generally not a high priority for management. They are not 

highly visible, and in most areas of the country, not game 

species. A snake species may become a priority when it is 

threatened or endangered. 

Since urban and suburban areas are continuously 
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developing, and thus altering wildlife habitat, the need for 

models for impact assessment is strong. However, HSI models 

are seldom, if ever, tested in urban areas. Schamberger and 

O'Neil (1986) discuss the importance of testing models in 

the context of their intended use. O'Neil and Carey (1986) 

outline several cases in which habitat elements are not the 

best predictors of wildlife distribution or abundance. 

Since urban open spaces have a variety of characteristics 

that make them different from open spaces in undeveloped 

areas, (e.g. surrounding land use, and the level of 

disturbance on surrounding land), models tested in 

undeveloped areas, or constructed using habitat information 

from undeveloped areas, may not be valid in an urban 

setting. 

Effects of Urbanization on snakes 

Campbell (1974) states that the chief threat of 

urbanization to reptiles and amphibians is modification of 

habitat. Clearing wooded areas and removing underbrush, 

especially by burning, have been shown to deplete some 

reptile and amphibian populations (Minton 1968, Siebert and 

Hagan 1947). Landfill and drainage schemes remove breeding 

pools for many amphibians (Campbell 1974), and thus limit 

the food supply for amphibian-eating reptiles, like the 

eastern hognose snake. 

The primary reason for removing or modifying habitats is 

to make the land habitable for human populations. Some 
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indirect results of population increases include the 

building of shops, businesses, recreation facilities, and, 

perhaps most importantly, roads and highways. 

Roads are the primary barrier to seasonal movement and 

dispersal for snakes in urban areas (Campbell 1974). Shoen 

(1960) estimated 6 million snakes killed on roads annually, 

with the number growing. A study of the problem in Kansas 

showed that many of these snake road kills are deliberate 

{Langley et al. 1989). Anderson (1965) discovered that the 

bullsnake (Pitophis melanoleucus sayil population had 

noticeably decreased near major roads. These and other 

effects of urbanization cause the death or emigration of 

many snakes. Some species may become extirpated from urban 

areas. 

The Kansas Department of Wildlife and Parks needs a way 

to determine which areas in Wyandotte County, a primarily 

urban area, provide suitable habitat for the eastern 

hognose, northern red-bellied and western earth snakes. 

These three species are designated as threatened in Kansas 

(Kansas Non-Game Task Force 1986). The 1940 u. s. Census 

found the population of Wyandotte County to be 145,071 

(371/km2 ) (Linder and Grove 1943). The population had grown 

to 186,845 (478/km2 ) by 1970, a 29% increase (U.S. 

Department of Commerce 1973). By 1990, the population 

density had decreased to 414/km2 (U. s. Department of 

Commerce 1993a). I developed HSI models for these three 
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species and tested them in an urban and an undeveloped area 

in Wyandotte County. The following hypotheses guided this 

study. 

Hypotheses 

Hypothesis 1 

HSI's will be higher on sites with captures (a) than on 

sites without captures (b) for each of the three species. 

H0 : mean HSia ~ mean HSib 

Ha: mean HSia > mean HSib 

This hypothesis simply tests the model. If the model 

is valid, mean HSI should be higher on capture sites than on 

no-capture sites. 

Hypothesis 2 

Capture success (CS) for each species will be higher o~ Camp 

Naish (en) sites (a large undeveloped area) than on Kansas 

City, (kc) sites that have similar HSI's. 

Ho: cscn ~ cskc 

Ha: cscn > cskc 

This hypothesis tests whether there is a difference in 

capture success between urban and undeveloped areas. By 

only comparing sites with similar HSI's, any variation 

associated with habitat characteristics is removed. 

Hypothesis 3 

There is no correlation between species HSI on sites and 
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selected measures of urbanization surrounding the sites 

within 0.5 km radius. 

x1 = proportion urban to undeveloped land within 0.5 km 

x2 = building density within 0.5 km 

x3 = distance from plot center to nearest building or 

campsite 

x4 = distance from plot center to nearest paved road 

H
0

: measures of urbanization are not correlated with HSI 

Ha: measures of urbanization are correlated with HSI 

This hypothesis tests whether urbanization is 

correlated to HSI. Urbanization could be negatively 

correlated with HSI. If this is true, and the previous 

hypothesis test shows lower capture success in Kansas City 

than Camp Naish, it would be impossible to tell whether low 

capture success is due to urbanization or unsuitable habitat 

caused by urbanization. However, if there is no correlation 

between urbanization and HSI, low capture success in Kansas 

City can be attributed directly to urbanization. 

Hypothesis 4 

.Urbanization variable means are lower on capture sites (a) 

than no-capture sites (b) • 

Ho: xa 
n .$. xb 

n 

Ha: xa > n 
xb 

n 

This hypothesis tests whether the level of urbanization 

is different on capture versus no-capture sites. If 
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urbanization is negatively correlated to capture success, 

urbanization variable means should be lower on capture sites 

than on no-capture sites. 

STUDY SPECIES 

The eastern hognose snake, northern red-bellied snake 

and the western earth snake were designated as threatened in 

Kansas by the Kansas Non-Game Task Force (1986). In 1992, 

the eastern hognose snake was down-listed to a "species in 

need of conservation" (SINC) (K. Brunson, Kansas Department 

of Wildlife and Parks, personal communication 1992). 

According to Collins (1974), the northern red-bellied snake 

is rare in Kansas. He lists the western earth snake as 

being threatened in Kansas because it is a peripheral 

species. Concerning the eastern hognose snake, Collins 

(1974) remarks that although the species is found in 

counties throughout Kansas, it probably only exists in 

isolated populations along valleys of major rivers. The 

only optimal habitat for this snake is along the eastern 

border of Kansas (Collins 1974). 

Collection records exist in Wyandotte county for the 

eastern hognose and western earth snakes, but no record 

exists for the northern red-bellied snake (W. Busby, Kansas 

Natural Heritage Program, pers. com. 1990). This species 

has been collected in several surrounding counties (Collins 

1974, 1982). 
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Habitat 

Habitat conservation is of primary importance when 

attempting to conserve a species. Unfortunately, on-line 

database searches revealed that very little material has 

been published about these snakes, and their habitats are 

not well defined. Habitat information for the eastern 

hognose snake, as well as detailed life history information, 

was compiled by Platt (1969). Less information is published 

about the other two species. 

In his literature review, Platt (1969) found several 

statements concerning the habitat preferences of eastern 

hognose snakes in prairie and deciduous forest border areas 

of the Midwest. Platt (1969) condensed the various habitat 

descriptions into five physical features that represent 

optimal habitat for the eastern hognose: well drained soil; 

loose or sandy surface soil; open vegetative cover such as 

open woods, brush land, forest edge, or disturbed sites; 

proximity to water (or abundance of amphibians); and 

climatic conditions typical of the eastern deciduous forest 

biome. 

Collins (1974, 1982) listed food for the eastern 

hognose as consisting primarily of frogs and toads, and 

occasionally including salamanders. Toads are dug out of 

loose soil with the snake's specialized snout (Platt 1969). 

The Kansas Natural Heritage Program (KNHP) data base records 

that the snakes also eat "various other kinds of small 
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vertebrates" (W. Busby, KNHP, pers. com. 1990). Eastern 

hognose snakes preferred burrowing into fine sand for the 

winter (P1att 1969), but have been known to occupy rodent 

burrows if a suitable substrate for burrowing is not 

available (Anderson 1965). 

The northern red-bellied snake is found in forested 

areas with deep leaf litter. It spends time under rocks, 

logs, boards and in leaf litter. The primary food of this 

snake is small slugs (Collins 1974, 1982). During dry 

periods, snakes may follow their food source along a soil 

moisture gradient into damper regions (Semlitsch and Moran 

1984). KNHP reports that northern red-bellied snakes also 

hide in building foundations and in abandoned ant mounds. 

It also suggests alternate foods, including earthworms, 

snails, isopods and beetle larvae (W. Busby, KNHP, pers. 

com. 1990). In winter, this species burrows beneath the 

ground (Collins 1974, 1982). 

The western earth snake inhabits rocky hillsides in 

moist woodlands and forest edge (Collins 1974, 1982). 

According to Anderson (1965), the snake is often found on 

hillsides above streams. Old fields, vacant lots, and 

wooded or brushy residential areas are also listed as 

habitats for this species (W. Busby, KNHP, pers. com. 1990). 

It forages for earthworms at night and spends the day hidden 

beneath 1ogs, rocks or leaf litter (Collins 1974, 1982; w. 

Busby, KNHP, pers. com. 1990). The western earth snake 
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winters deep in crevices on rocky hillsides (Collins 1974, 

1982). 

STUDY AREA 

Wyandotte County is the smallest county in the state of 

Kansas, with an area of only 391 km2 (Van Doren et al. 

1975). It is one of eight counties in Missouri and Kansas 

that make up the Kansas City Metropolitan Region. It has 

the highest population density (414/km2 ) of any county in 

the region (U. s. Department of Commerce 1993a), and of any 

county in Kansas (1993a). The 1990 U. s. Census found that 

92.5% of the county's residents live in urban areas. Most 

of the county residents (92.4%) live in Kansas City (U. s. 

Department of Commerce 1993b). Despite the high population 

density, many open spaces exist in the county, including 

large backyards, privately owned vacant land, agricultural 

land, and 56 county, community or neighborhood parks (City 

of Kansas city, Kansas 1985). 

In order to compare model performance between urban and 

undeveloped areas, I selected. study sites on a large 

undeveloped tract in Wyandotte County, and sites located in 

Kansas city. 

Naish Boy Scout Reservation is the.largest open space 

in Wyandotte County, with an area of 445 ha. The area is 

almost continuously used for scout camping during the 

summer, however, all activities and campsites are located on 

approximately 25% of the total reservation area. The 
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remainder of Camp Naish is largely undisturbed, and is 

accessible by the 20 km Rimrock Trail. Camp Naish consists 

mainly of forested hills with intermittent streams and small 

springs. Twenty sites were randomly chosen on undisturbed, 

forested or riparian areas of Camp Naish for model testing 

in an undeveloped area. 

Two areas in Kansas city, KS were chosen for model 

testing in a developed area. These two areas have a 1:1 

ratio of urban to undeveloped land as determined from land 

cover maps. The areas contain randomly selected plots of at 

least 1 ha, representing a 10% sample of the open spaces on 

the study areas. The plots were chosen prior to this study 

for use in an ongoing project that seeks to identify unique 

habitats (Nilon 1991). They are categorized into hardwood, 

riparian, old field, grassland and agricultural sites. 

Sites were chosen for model testing based on the following 

criteria: 1) Must have a hardwood or riparian cover type 

2) Must be reasonably and safely accessible 3) Must have 

a substrate suitable for trap installation 4) Must be out 

of sight to the general public, e.g. not in a front yard 5) 

The landowner must allow access. Sixteen sites met these 

criteria. 

METHODS 

Modal Development 

The procedure used in model construction was based on 

the Habitat Evaluation Procedure (HEP) developed by the 
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U. s. Fish and Wildlife service (Flood et al. 1977) and a 

habitat evaluation handbook developed by Baskett et. al. 

(1980). The most important step in model building is the 

identification of key habitat features (Cole and Smith 

1983). The HSI is based on the features which correspond to 

the habitat needs of the focus species. Although this study 

focuses on three snake species, only two habitat models were 

made (Appendix 1). One for the eastern hognose snake, and 

one for the northern red-bellied and western earth snake. 

These two species occupy similar habitats according to the 

literature, so one combined model was developed. Model 

variables were identified to correspond to the species' food 

and cover needs (Figures 1 and 2). The literature for the 

northern red-bellied and western earth snakes did not define 

specific variables representing optimum habitat. For this 

model, variables were chosen to represent habitat as it was 

described in the literature. 

Model variables 

For the eastern hognose habitat model, four variables 

were used. 1) Distance to water (DTW). This habitat 

feature was included based on the eastern hognose snake's 

preference for amphibians as food. 2) Soil looseness 

(SOIL). Habits of the hognose include digging temporary 

shelters and hibernacula, and digging for toads. All of 

these habits make loose soil, preferably sandy soil, a 

preferred habitat characteristic. 3) Percent ground 
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cover Type 

Grassland/ 
Old Field 

Hardwood/ 
Riparian 

Life History 
Requirements 

Model Variables 

Food __ ~Amphibians ___ J 

I \ 

Distance 
/to Water 

____ ! \ Soil Type 
\ 

I ____ ! 
\ 

\ 
Cover Percent Ground 

Vegetation 

Food __ ~Amphibians ___ ~ 
\ 

\ canopy Cover 
\ I 

Cover / -, 
\Percent Ground 
Vegetation 

Distance· 
/ to water 

\ Soil Type 

Figure 1. Variables for Eastern Hognose Snake Model 
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cover Type 

Hardwood/ 
Riparian 

I 
\ 

Life History 
Requirements 

Model Variables 

Percent 
Ground 

/Litter 
I 

Food ____ Worms/Slugs __ ~L Distance 
/ Inverts \ to Water 

I \ 
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/ (North 
/ or South) 

\ 
\ 

\ 
\ 

\ 

Canopy Cover 
I 

/ Aspect (North 
I / or south} 

L Slope ______ / 
I \ 

cover/ \ Inclination 
\ 

\ Percent Ground 
-,--Litter 

\ 
\Percent Ground 
Debris 

Figure 2. Variables for western Earth and Northern 

Red-bellied Snake Model 
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vegetation (VEG). The hognose is a stout, slow-moving 

snake, and has difficulty moving through dense vegetation 

(Platt 1969). Sparse ground vegetation is thus necessary 

for mobility. Although not mentioned in the literature, 

dense ground vegetation, and thus high root density, also 

adversely affects soil looseness. 4) Canopy cover (CC). 

Optimal habitat for the eastern hognose is described as open 

woods. Thus, canopy cover was included in the model. These 

variables are based on optimum habitat criteria as described 

by Platt (1969). 

Five variables were used in the northern red-bellied 

and western earth snake model. 1) Canopy cover (CC). Both 

of these species inhabit forested areas or moist woods 

(Anderson 1965, Collins 1974, 1982, Webb 1970, Ernst and 

Barbour 1989, Johnson 1987, Tennant 1984, w. Busby, KNHP 

pers. com. 1990). Areas with dense canopy cover are more 

moist than open areas. 2) Percent ground litter (LIT). The 

primary foods of these species are worms, slugs and soft 

invertebrates, which are primarily found under leafy and 

woody litter. Leafy and woody litter also offers cover 

(Anderson 1965, Collins 1974, 1982, Linzey and Clifford 

1981, Smith 1961, Tennant 1984, Webb 1970, Ernst and Barbour 

1989, Johnson 1987, w. Busby, KNHP, pers. com. 1990). 3) 

Distan_ce to water (DTW). Generally, soil moisture increases 

as the distance to water decreases. Invertebrates requiring 

moist soil may then be more prevalent closer to water 
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(Semlitsch and Moran 1984), 4a) Aspect (A). Soil moisture 

is greater on north-facing slopes than on south-facing 

slopes. Therefore, preferred invertebrates should be more 

prevalent on north than south facing slopes. 4b) Slope (S). 

Habitat for these species is often characterized as a 

hillside (Minton 1972, Collins 1974, 1982, Johnson 1987 

Anderson 1965, Tennant 1984, Smith 1961). Slope was thus 

included as a model variable. 5) Percent ground debris 

(DEB). These species spend the day under rocks, logs, or 

boards (Anderson 1965, Collins 1974, 1982, Linzey and 

Clifford 1981, Smith 1961, Tennant 1984, Webb 1970, Ernst 

and Barbour 1989, Johnson 1987, w. Busby, KNHP, pers. com. 

1990). High amounts of this debris may characterize optimum 

habitat. 

For each model, optimum measures of features and 

tolerance ranges were assigned numerical values based on 

theorized relationships between suitability and the variable 

(Appendix 1), This information was not outlined in the 

literature. 

After key features were chosen and a numerical rating 

system devised, equations were developed to calculate the 

two Habitat Suitability Indexes. The equations are simply 

the sum of the individual scores divided by the sum of the 

highest possible individual scores. Since relative 

importance of these variables is not known, equal weight was 

given to each of them. 
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Eastern hognose (HOG) HSI= E Sin 

20 

Western Earth (WES) HSI= E Sin 
and Northern Red-bellied 

25 

Habitat Analysis 

A habitat analysis was completed on all of the sites 

and HSI's were calculated. I used the vegetation analysis 

procedure of James and Shugart (1970). Model variables and 

their measurement are summarized in Table 1. After the plot 

center was located using a map and compass, four 15 m 

transects were established in the cardinal directions. Five 

observations of ground and canopy cover were made along each 

transect using a short tube with cross hairs. At 

approximately 3 m intervals, I looked through the tube at 

the ground and then straight up at the sky. What was seen 

at the cross hairs was recorded on the data sheet (Appendix 

2), using the indicated letter or symbol codes. Percentages 

of ground cover and canopy cover were then calculated. 

Percent leaf litter and percent woody litter were summed to 

obtain LIT. Percent woody litter, percent rock, and percent 

artificial man-made structure were summed to obtain DEB. 

Distance to permanent water was measured on a USGS 

topographic map. Slope was measured using a clinometer, and 

aspect was measured using a compass. Soil looseness was 

estimated on a scale of 1-5, with a score of 1 meaning 
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Table 1. Measurement Methods for Model Variables 

VARIABLE 

Aspectb 

Canopy Covera,b 

Distance to Watera,b 

Inclinationb 

Percent Ground Debrisb 

Percent Ground Litterb 

Percent Ground Vegetationa 

Soil Type (Looseness)a 

MEASUREMENT 

On-Site (Compass) 

Vegetation Analysis 

Topographic Map 

on-site (Clinometer) 

Vegetation Analysis 

(woody litter+ rock 

+ artificial) 

Vegetation Analysis 

(woody litter+ leafy 

litter) 

Vegetation Analysis 

(grass+ forbs + 

shrubs) 

On-Site (subjective 

appraisal) 

a denotes variable used in eastern hognose snake model 

b denotes variable used in western earth and northern 

red-bellied snake model 
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impenetrable soil, and 5 meaning very loose, sandy soil. 

Urbanization Analysis 

In addition to characterizing the plots based on 

habitat structure, various features of urbanization were 

measured in areas within a 0.5 km radius of the plot center. 

The amount of urban land within each circular region was 

figured by digitizing cover maps showing this land use. The 

percentage of urban land (%URB) was then calculated. The 

number of buildings within each circular region was counted 

using topographic maps, and building density (BO) was 

calculated. Distances from the plot center to the nearest 

building or campsite (DTCB) and from the plot center to the 

nearest paved road (DTR) were also measured on USGS 

topographic maps. These four variables were easy to measure 

and described surrounding urbanization on two scales. 

Measuring distances from the plot center to the nearest road 

(DTR) and building (DTCB) gave an indication of the level of 

isolation of individual sites, whereas BO and %URB described 

the level of urbanization _surrounding the sites. 

snake Trapping 

An important part of model building is the validation 

of the models. The purpose of validation is to verify that 

the model correctly represents habitat for the species. 

Usually, this is done through surveying wildlife populations 

on sites and comparing the results to HSI scores. Under the 

assumption that a species is habitat limited, habitat 
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suitability should equate with habitat utilization if a 

model is valid. 

Models were tested by snake trapping. Trapping took 

place on 20 sites at Camp Naish Boy Scout Reservation and on 

16 sites in Kansas city from June - September 1992. County 

records for eastern hognose and western earth snakes locate 

captures on or near Camp Naish. Each trap station consisted 

of one 6 m x 0.5 m plastic drift fence, buried approximately 

5 cm into the ground, and two funnel traps made of aluminum 

window screening (Figure 3). Funnel traps measured 0.7 m 

long, 0.2 m across at the mouth, with an opening of 3.5 cm. 

This method is described by Fitch (1987), and has been used 

often in herpetofaunal studies. Karns (1986), in an 

analysis of published sampling methods, recommends using 

more than one drift fence with traps and placing them i~ H, 

L, T, or+ configurations. This method would have been 

better if snake populations were being estimated. Since 

this study only sought presence or absence information, only 

one drift fence per site was used. 

I checked the traps twice per week. My objective was 

to check traps as often as possible (to reduce mortality of 

trapped specimens), while minimizing disturbance at the 

sites. Campbell and Christman (1982) checked their traps 

once a week, while Karns (1986) checked traps every 2 - 4 

days. Lizards and amphibians trapped were identified and 

released. All snakes captured were identified and marked by 
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'--------6m------------1 

~1 Io.2m o.f m b 
1-0.7 m-1L-----------=------------1 

Trap station (side) 

0.035 m 
1--1 

0 

0.2 m 

Funnel trap (front) 

Figure 3. Drift fence and funnel trap array on each 

trap site. 
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ventral scale clipping (Karns 1986). Snakes were weighed, 

and total length and snout vent length were measured. All 

snakes were released within 50 m of their capture location. 

statistical Analysis 

Twelve variables were measured on, or calculated for, 

each site, CC, DEB, LIT, DTW, SL, SOIL, BO, %URB, DTR, DTCB, 

HOG HSI, and WES HSI. The western earth snake was the only 

focus species captured, so sites were classified as being 

simply a capture or a no-capture site. For statistical 

analysis, two classification variables were added (Table 2) 

to differentiate between 1) camp Naish and Kansas City sites 

(URB) and 2) sites with and without western earth snake 

captures (WES). 

Statistical analyses were performed to test each of the 

stated hypothesis. A review of the hypotheses and the· 

method for testing is presented in Table 3. For hypothesis 

testing I chose an alpha level of 0.05. Statistical 

analyses were performed using SAS (SAS Institute 1989) 

unless otherwise noted. 

In addition, to testing the stated hypotheses, I 

performed a habitat preference analysis, and a discriminant 

function analysis (DFA) (SAS Institute 1989). 

Hypothesis 1 

T-tests (SAS Institute 1989) were performed on model 

variables (CC, DEB, LIT, DTW, and SL) and HSI score (WES 

HSI) to test for differences in model variable means between 
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Table 2. Classification variables for trap sites. 

Variable 

URB 

WES 

Values 

0 

1 

0 

1 

23 

Significance 

camp Naish 

Kansas city 

no WES captures 

WES captures 



Table 3. A review of hypotheses and testing methods. 

Hypothesis Statistical method 

1. HSI's are higher on sites 

with captures than on sites 

without captures for each of the 

three species. 

2. Capture success for each 

species will be higher on Camp 

Naish sites (a large undeveloped 

area) than on Kansas city, sites 

that have similar HSI's. 

3. There is no correlation 

between habitat variables or 

species HSI on sites and selected 

measures of urbanization 

surrounding the sites within 

0.5 km radius. 

4. Urbanization variable means 

are lower on capture sites than 

no-capture sites. 

T-test 

Wilcoxon signed ranks 

testa 

Correlation analysis 

T-test 

a The Wilcoxon signed ranks tests was performed by hand 

using the procedure outlined in Sincich (1985). 
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sites with and without western earth snake captures. Since 

western earth snakes were only captured on Camp Naish, 

t-tests were only performed using Camp Naish data. T-tests 

were also performed to test for habitat differences between 

camp Naish and Kansas City sites. 

Hypothesis 2 

Camp Naish and Kansas City trap sites were paired by 

WES HSI score. For each set of sites with equal scores, 

trap success was determined by calculating the proportion of 

sites with western earth snake captures. A Wilcoxon signed

ranks test (Sincich 1985) was used to test the difference in 

western earth snake trap success between Kansas City and 

camp Naish sites with equal WES HSI scores. By only 

comparing sites with similar HSI's, any variation associated 

with habitat characteristics is removed. 

Hypothesis 3 

Correlation analysis (SAS Institute 1989) was performed 

on all model variables, HSI scores, and urbanization 

variables to see if any relationships exist between habitat 

and urbanization. 

Hypothesis 4 

T-tests were performed using urbanization variables 

(BD, %URB, DTR, DTCB) to test for differences in 

urbanization variable means between sites with and without 

western earth snake captures. Because western earth snakes 

were only captured on Camp Naish, t-tests were only 
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performed using Camp Naish data. T-tests were also 

performed to test for differences in urbanization variable 

means between Camp Naish and Kansas City. 

Habitat Preference Analysis 

I compared observed capture success to expected capture 

success of western earth snakes across different habitats on 

Camp Naish. First, the observed values for each variable 

were categorized. For example, values for canopy cover were 

divided into 50-59%, 60-69%, 70-79%, 80-89%, and 90-100%. 

Model variables, urbanization variables, and WES HSI scores 

were categorized and used in the analysis. Based on a total 

capture success of 8 out of 20 sites, 8/20 or 0.40 was 

considered the expected proportion of capture sites in each 

category. The observed capture success for each category 

was then determined and compared to the expected value. If 

the various habitat categories are equally preferred by 

western earth snakes, capture success should be 

approximately equally distributed across the categories. 

Since there are only eight capture sites, chi-square 

analysis was not possible (Sincich 1985), however, data were 

graphed to show trends. 

Discriminant Function Analysis 

Discriminant function analysis (DFA) is a technique 

used to classify data into groups based on one or more 

variables (Afifi and Clark 1990). In this case, DFA was 

used to classify sites as capture or no-capture sites based 
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on different combinations of variables. Both habitat and 

urbanization variables were used, with the total number of 

variables being limited to two. DFA was performed several 

times using different combinations of variables. Variables 

were chosen based on the results of significant t-tests 

between capture and no-capture sites. In each case, DFA 

used the Camp Naish data to build a model, and tested the 

model on the Kansas city data. 

RESULTS 

snake Trapping 

The only focus species captured was the western earth 

snake. Western earth snakes made up 15.8% of the total 

snake captures on Camp Naish (Figures 4 and 5). They were 

trapped at 8 of the 20 Camp Naish sites. No western earth 

snakes were trapped in Kansas city (Figures 4 and 6). 

A total of ten snake species and seven other vertebrate 

species were captured (Table 4). Three species (nine 

individuals) were captured in Kansas city, the eastern 

yellowbelly racer, red-sided garter snake, and worm snake 

(Figure 6). A list of species captured at each trap site is 

in Appendix 3. 

Habitat Analysis 

HSI values for the eastern hognose ranged from 0.45 to 

0.75 on camp Naish and from 0.40 to 0.75 in Kansas city. 

Northern red-bellied and western earth snake HSI values 

ranged from 0.56 to 0.76 on Camp Naish and from 0.52 to 
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Figure 4. Total snake captures and western earth 

snake captures on Camp Naish and Kansas 
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Snake Species Trapped 
at Camp Naish 

Worm (34.33%) 
TBS (7.46%) 

Cop (4.48%) 

EYR (5.97%) 

Figure 5. Snake species trapped at Camp Naish 

(WES= Western earth snake; Worm= Worm snake; 

PRS = Prairie ringneck snake; TBS= Texas brown 

snake; Cop= Osage copperhead; EYR = Eastern 

yellowbelly racer; R-SG = Red-sided garter 

snake; Other= Black rat snake, Rough green 

snake, and Red milk snake). 
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Snake Species Trapped 
in Kansas City 

Worm (11.11%) 

Figure 6. Snake species trapped in Kansas City 

(Worm= Worm snake; EYR = Eastern yellowbelly 

racer; R-SG = Red-sided garter snake). 
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Table 4. Vertebrate species captured at Camp Naish and 

Kansas City trap sites. 

# trapped 

Common name Scientific name Naish KC 

Black rat snake Elaphe obsolete obsoleta 2 0 

Eastern yellowbelly racer Coluber constrictor flaviventris 5 

Osage copperhead Agristodon contortrix phaeogaster 2 0 

Prairie ringneclc snake Diedophis punctatus arnyf 10 0 

Red milk snake Lanpropeltis triengulun syspila 1 0 

Red•sided garter snake Thennophis sirtalis parietalfs 5 7 

Rough green snake Opheodrys aestiws 2 0 

Texas brown snake Storeria dekayi texana 5 0 

Western earth snake Virginie valerae elegans 12 0 

Worm snake Carphophis amoenus vennis 23 1 

American toad Rufo americanus 5 20 

Blenchard 1s cricket frog Acris crepitans blanchardi 0 

Five-lined skink Euneces fasciatus 4 0 

Ground skink Scincella lateralis 4 0 

Leopard frog Rane spenocephale 2 3 

Spadefoot toad Scaphiopus holbrookii holbroolcii 0 1 

Eastern chipru,k Tamias striatus 2 0 
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0.80 in Kansas City (Figure 7). 

data.) 

Hypothesis Testing 

Hypothesis 1 

(See Appendix 3 for habitat 

There was no difference (a= 0.05) between WES HSI on 

sites with and without captures. Although not significant 

at the 0.05 level, cc was higher, and LIT was lower on 

capture sites than no-capture sites when using data from 

Camp Naish only (Table 5). There were no differences in 

model variable means or WES HSI when comparing Camp Naish, 

an area with captures, and Kansas City, an area with no 

captures (Table 6). 

Hypothesis 2 

The Wilcoxon signed-ranks test showed a significant 

difference in trap success between Camp Naish and Kansas 

City trap sites with the same WES HSI score (Table 7). 

Hypothesis 3 

Correlation analysis between model variables, HSI 

scores, and urbanization variables yielded no relationships 

(Table 8). This shows that habitat and urbanization are 

independent. 

Hypothesis 4 

Distance to paved road (DTR) and distance to building 

or camping area (DTBC) were greater on capture sites than no 

capture sites on Camp Naish (Table 9). When comparing Camp 

Naish, a capture area, with Kansas City, a no-capture area, 
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Figure 7. The range of HSI scores on Camp Naish and 

Kansas City trap sites. 
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Table 5: Model variable means for camp Naish trap sites 

with and without western earth snake captures. 

VARIABLE NO WES {n=12) 

cc 69% 

LIT 47% 

DTW 238 m 

SL 15% 

DEB 20% 

WES HSI 0.627 

34 

WES (n=8) 

79% 

39% 

214 m 

12% 

20% 

0.625 

p > ITI 

0.0825 

0.0701 

0.7551 

0.5807 

0.9388 

0.9509 



Table 6: Model variable means on Camp Naish and Kansas city 

trap sites. 

VARIABLE CN (n=20} KC (n=16} p > ITI 

cc 73% 79% 0.2399 

LIT 44% 34% 0.1029 

DTW 228 m 225 m 0.9577 

SL 14% 11% 0.3370 

DEB 20% 18% 0.7286 

VEG 44% 52% 0.1177 

WES HSI 0.626 0.645 0.4107 

HOG HSI 0.615 0.594 0.4897 
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Table 7. Wilcoxon signed ranks test showing differences 

trap success between Camp Naish and Kansas City sites with 

the same WES HSI score. p = .0313 

WES HSI 

0.56 

0.60 

0.64 

0.68 

0.12 

Proportion of traps with captures 

Camp Naish 

1/5 

4/5 

1/5 

1/3 

1/1 

Kansas city 

0/2 

0/4 

0/3 

0/3 

0/1 

36 

Difference 

0.2 

0.8 

0.2 

0.3 

1.0 

Rank 

1.5 

4 

1,5 

3 

5 



Table 8: Pearson correlation coefficients and p-values for 

the habitat vs. urbanization correlation analysis using 

pooled data. 

Habitat 

cc 

P > lrl 

LIT 

P > lrl 

DEB 

P > Ir! 

DTW 

P > lrl 

SL 

P >-lrl 

WES HSI 

P > lrl 

%URB 

0.2801 

0.0980 

-0.2025 

0.2363 

-0.0464 

0.7883 

0.0959 

0.5779 

-0.1439 

0.4024 

0.1831 

0.2851 

Urbanization 

BD 

0.2891 

0.0873 

-0.1185 

0.4912 

0.0243 

0.8883 

0.1187 

0.4905 

-0.0932 

0.5886 

0.2166 

0.2045 
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DTCB 

-0.2661 

0.1167 

0.1615 

0.3467 

0.0361 

0.8346 

-0.1493 

0.3848 

0.2453 

0.1493 

-0.0976 

0.5711 

DTR 

-0.0358 

0.8358 

0.0556 

0.7476 

-0.1140 

0.5079 

0.0246 

0.8870 

0.1091 

0.5267 

-0.1939 

0.2571 



Table 9: Urbanization variable means for Camp Naish trap 

sites with and without western earth captures. 

VARIABLE 

DTCB 

DTR 

%URB 

BD 

NO WES (n=12) 

209 m 

176 m 

0% 

12/km 

38 

WES (n=S) 

352 m 

367 m 

0% 

14/km 

p > ITI 

0.0214 

0.0031 

0.7217 



similar differences between variable means are seen (Table 

10). DTR and DTCB were greater on Camp Naish and BD was 

higher in Kansas City. Although correlation analysis showed 

that urbanization was unrelated to habitat, these tests 

indicate that it may have influenced snake distribution. 

Habitat Preference Analysis 

Although statistical analysis was not possible for 

habitat preference analysis, western earth snake capture 

success vs. "habitat" graphs show some trends (Figures 8-

16). Capture success increased as canopy cover (8) 

increased, and decreased as litter (9) increased. These 

results are in agreement with the t-test results given 

above. Capture success increased as debris (12) increased 

to a point then decreased. Distance to water (10) and slope 

(11) do not appear to be related to capture success. Tl:re 

graph of capture success vs. WES HSI (13) shows no pattern. 

Building density (14) also appears to be unrelated. For 

these variables, the observed values for capture success 

vary around the expected value with no clear pattern. 

Capture success increased as the distance to the nearest 

campsite or building (16) increased and the distance to the 

nearest road (15) increased. In other words, capture 

success was higher at sites farther from roads and 

campsites. In both of these graphs, observed capture 

success was lower than expected for distances of 0-99 m, it 

approximated the expected value for distances between 100 
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Table 10: Urbanization variable means on Camp Naish and 

Kansas City trap sites. 

VARIABLE 

DTCB 

DTR 

%URB 

BD 

CN (n=29) 

266 m 

252 m 

0% 

13/km 

40 

KC (n=16) 

83 m 

75 m 

48% 

334/km 

p > !Tl 

0.0001 

0.0001 

0.0001 



.. 
~ •.• -1------------'--------l 
t 
I ,. •.• -1-----------------+------------l 

fo2+--------.t:---=L-----J 

90-100 

Figure 8. A comparison of the observed and expected 

proportion of sites with western earth snake 
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Figure 9. A comparison of the observed and expected 

proportion of sites with western earth snake 

captures for sites with different values of 

ground cover litter. 
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Figure 10. A comparison of the observed and expected 

proportion of sites with western earth snake 
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Figure 11. A comparison of the observed and expected 

proportion of sites with western earth snake 

captures for sites with different values of 

slope. 
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Figure 12. A comparison of the observed and expected 

proportion of sites with western earth snake 

captures for sites with different values of 

ground cover debris . 

., 
~o~+----1---\.------1----\------l 

' i 'II 0.4 -1-----1------4--------------.\------l 

102 ~~-....\----1 

0.511 o.154 a.ea 
"'1,S HSI 

Figure 13. A comparison of the observed and expected 

proportion of sites with western earth snake 

captures for sites with different values of 

western earth snake HSI score. 
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Figure 15. A comparison of the observed and expected 

proportion of sites with western earth snake 

captures for sites with different values of 

distance to nearest campsite or building. 
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Figure 16. A comparison of the observed and expected 
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and 399 m, and was higher at distances above 400 m. All of 

these trends agree with the t-test results between capture 

and no-capture sites on Camp Naish. 

Discriminant Function Analysis 

The procedure built a model to discriminate between 

capture and no-capture sites based on Camp Naish capture 

data.· The model was then cross-validated using the 16 

Kansas City sites. Since there are only 20 data points for 

the modeling procedure to use, I decided to limit the number 

of variables in the model to two. Afifi and Clark (1990) 

state that the sample size should be at least five to ten 

times the number of variables, or interpretation will be 

"risky". I ran the DFA program three times, using three 

different combinations of two variables. Variables were 

chosen based on t-tests (Tables 5 and 9) between variable 

means on Camp Naish capture vs. no-capture sites. Eligible 

variables were considered to be those significant at the 

0.10 level. The first model used the habitat variables CC 

and LIT. The next model was based on the urbanization 

variables DTR and DTCB. The third time, the procedure used 

one habitat variable, CC, and one urbanization variable, 

DTR. The prior probability of being classified as a capture 

or no-capture site was set to 0.50. The classification 

results are listed in Table 11 and summarized in Table 12. 

The first model, using CC and LIT, worked well in 

classifying sites on Camp Naish (17 of 20 correct), but was 
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Table 11. Number of no-capture (0) and capture (1) sites 

classified as no-capture (0) or capture (1) sites by 

discriminant function analyses using two variables. 

Camp Naish Kansas city 

Capture success 0 1 0 

MODEL 1. cc and LIT 

0 11 1* 5 11* 

1 2* 6 

MODEL 2. DTR and DTCB 

0 9 3* 16 O* 

1 1* 7 

MODEL 3. CC and DTR 

0 10 2* 16 O* 

1 1* 7 

* denotes misclassified sites 
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Table 12. Summary of classification results showing the 

number of sites correctly and incorrectly classified for 

discriminant function analyses with two variables. 

Model 

CC, LIT 

DTR, DTCB 

CC, DTR 

Camp Naish 

Correct Incorrect 

17 

16 

17 

3 

4 

3 

48 

Kansas city 

correct 

5 

16 

16 

Incorrect 

11 

0 

0 



not accurate in Kansas City (5 of 16 correct). The second 

model, which used the urbanization variables, DTR and DTCB, 

worked almost as well on Camp Naish (16 of 20 correct), and 

correctly classified all Kansas City sites. The third 

model, which used one habitat (CC) and one urbanization 

(DTR) variable, classified 17 of 20 Camp Naish sites 

correctly, and classified all Kansas City sites correctly. 

Thus, the third model is the best single model for correctly 

classifying sites as being capture or no-capture sites on 

both urban and undeveloped areas. 

DISCUSSION 

Western earth snake model validation 

Although constructed using published habitat 

information, HSI model scores did not correspond to western 

earth snake capture locations on Camp Naish. Using an HSI 

score of 0.60 as the lower cutoff for suitable habitat, the 

HSI model defines 15 sites on Camp Naish as suitable and 5 

as unsuitable. Of the 15 suitable sites, western earth 

snakes were captured on seven. Of the five unsuitable 

sites, one had a capture. Suitability corresponded with 

capture success only 55% of the time, barely better than 

what would be expected by chance alone. Five explanations 

are possible; either the model variables are incorrect, 

their relationships with suitability are incorrect, trapping 

did not accurately show presence of the species, the snake 

simply does not occupy all suitable habitat, or habitat 
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structure alone does not limit wes·tern earth snake 

distribution. 

Two of the model variables, canopy cover and litter, 

were significant (Table 5). Canopy cover may be the most 

important indicator of good habitat, and should be more 

heavily weighted in the model. Although published habitat 

information is sparse, there are consistent references to 

forest or woodland (Anderson 1965, Webb 1970, Collins 1974, 

1982, Tennant 1984, Johnson 1987, Ernst and Barbour 1989, W. 

Busby, KNHP, pers. com. 1990). 

Possibly, other important variables are unknown. This 

species is secretive and seldom observed, making habitat 

studies difficult. Anderson (1965) claims that 30 years of 

intensive field work in neighboring Jackson County, 

Missouri, yielded only five western earth snakes. No o~e on 

the staff at Camp Naish, some of whom have worked on the 

reservation for decades, had ever seen a western earth snake 

before being shown a trapped specimen. One specimen that 

was kept in a terrarium for two days for observation was 

always found burrowed under the loose soil. Others 

(Anderson 1965, Webb 1970, Linzey and Clifford 1981, Ernst 

and Barbour 1989) have also suggested that western earth 

snakes may be burrowers. This idea is supported by the 

snakes morphology (cylindrical body and small eyes). Soil 

looseness may be an important habitat characteristic that 

was not included in the model. 
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I may have chosen the most important variables, but 

misidentified the relationships between the variables and 

suitability. Percent litter, for example, was higher on 

no-capture than capture sites. I had predicted that 

suitability would increase as litter increases. This 

prediction was based on literature claiming that western 

earth snakes hide in leafy or woody litter and feed on 

earthworms (Anderson 1965, Webb 1970, Collins 1974, 1982, 

Linzey and Clifford 1981, Tennant 1984, Johnson 1987, Ernst 

and Barbour 1989, W. Busby, KNHP, pers. com. 1990). The 

true relationship between litter and suitability may be 

inverse as is suggested by the habitat preference analysis 

(Figure 9), or, possibly, suitability increases with litter 

to a certain point, perhaps 40%, then decreases. The 

optimum amount of debris may be reached at only 20% as 

opposed to the 50% mark that I theorized (Figure 12). There 

are no studies that quantify western earth snake habitat to 

this degree. Although the habitat preference analysis gives 

insight into these relationships, they could only be tested 

with much more intensive trapping than was possible in this 

study. 

Thirdly, the model may be correct, but trapping was not 

effective in showing western earth snake presence. Of 

course western earth snakes were present on sites where they 

were trapped. Sites where they were not trapped may or may 

not have supported western earth snakes. Though impossible 
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in this study, more intensive trapping or searching would 

have minimized this possibility. Cole and Smith (1983) have 

argued that one year of trapping is not sufficient for model 

validation. 

The western earth snake is a threatened species in 

Kansas, and is on the edge of its range. Camp Naish does 

harbor a population of these snakes, but it is unlikely that 

they are abundant enough to utilize every available parcel 

of suitable habitat. This also contributes to the 

discrepancies found between HSI and habitat use. My model 

describes habitat as defined in the literature; wooded 

hillsides with plentiful food and cover. If this habitat 

assessment is accurate, the model is useful for showing 

suitability in an undeveloped area. 

The final possibility was explored by using 

urbanization to explain snake distribution. I feel that the 

most interesting results obtained were the significant 

differences between mean distance to nearest road and 

camping area or building on Camp Naish sites with and 

without western earth snake captures (Table 9). Based on 

the t-tests, distance to road was more important than any 

model variable in describing western earth snake 

distribution on Camp Naish, indicating that this species is 

sensitive to disturbance. Figures 14 and 15 also suggest 

that western earth snakes prefer isolated areas. Schlauch 

(1978) explains species may have a positive urbanization 
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sensitivity or a negative urbanization sensitivity. Species 

with a positive urbanization sensitivity have a propensity 

to increase in abundance with increasing urbanization. 

Species with a negative urbanization sensitivity either 

disappear or their numbers decline in urban environments. 

My data showing a higher capture success of red-sided garter 

snakes in Kansas City than on Camp Naish (Table 4) 

illustrates a positive urbanization sensitivity for this 

species. The several species that were abundant on Camp 

Naish, but were not found in Kansas City (Table 2), may be 

have negative urbanization sensitivities. Capture success 

for all snakes was less in Kansas City than Camp Naish, 

indicating a difference in snake community structure (Table 

2, Figures 5, 6, and 7). This difference may be a result of 

higher levels of urbanization in Kansas City than Camp Naish 

(Table 10). 

Camp Naish vs. Kansas City 

If western earth snake presence is related to habitat 

quality alone, then Kansas City and Camp Naish sites with 

equal HSI scores should be equally suitable. However, trap 

success differed dramatically (Table 7). When model 

variables were compared between Camp Naish and Kansas City 

(Table 6), no differences were found, indicating that both 

areas have similar habitat. Comparing the urbanization 

variables between Camp Naish and Kansas City (Table 10) 

revealed large differences. Surrounding urbanization, not 
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habitat structure, may limit western earth snake 

distribution in Kansas City. Another possibility is that 

western earth snakes living in the city may have adapted to 

a different set of habitat characteristics that this model 

does not represent; for instance, proximity of woodpiles, 

flower or vegetable gardens, or a mowing regime. 

Habitat vs. Urbanization 

The slight (a=D.10) correlations that were found 

between canopy cover and% urban land and building density 

(Table 8), do not explain differences in trap success. 

According to these correlations, habitat should have been 

more suitable in areas with higher levels of urbanization. 

If these correlations are not due to chance, the fact that 

western earth snakes were not captured in urban areas is 

more emphatic. 

Surrounding urbanization was scarcely, if at all, 

related to habitat structure as it was defined by the model 

variables (Table 8). No differences were seen in model 

variable means between Camp Naish (undeveloped) and Kansas 

City (urban) trap sites (Table 6). Again, if habitat 

structure was the limiting factor in western earth snake 

distribution, there should have been no difference in trap 

success between the two study areas. Since there was a 

difference (Figure 5), habitat structure must not be the 

limiting factor. Alternatively, urbanization limits western 

earth snake distribution in Wyandotte County. 
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Discriminant Function Analysis 

The discriminant function analyses present three 

alternative models to the HSI model. These models were 

constructed using habitat, urbanization, and trapping data 

from Camp Naish, and cross-validated using the Kansas City 

data. Because the DFA models are constructed using habitat 

and capture information, and the HSI model was constructed 

based on the literature, the DFA model results are not 

directly comparable to the HSI model results. In addition, 

DFA models are predictive and the HSI model is a descriptive 

model. 

The three DFA models were compared based on how well 

they predicted whether sites were capture or no-capture 

sites. The first DFA model, using CC and LIT as variables, 

is most similar to the HSI model in that it uses variabl.es 

identified by the literature as being important components 

of western earth snake habitat. Although this model 

adequately predicted where western earth snakes were 

captured on Camp Naish (85% correct), it failed when applied 

to Kansas City data (31% correct) (Tables 11 and 12). The 

second model used the urbanization variables, DTR and DTCB. 

It was not as accurate as the first model on Camp Naish (80% 

correct), but improved dramatically over the first model in 

Kansas City (100% correct). These results suggest that 

habitat, as described in the literature, may be a better 

indicator of western earth snake presence on undeveloped 
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areas, and degree of urbanization is more important in urban 

areas. For the third model, I chose one habitat variable 

(CC), and one urbanization variable (DTR), hoping that it 

would be accurate on both areas. The results show that this 

was indeed the case. The combined model correctly 

identified 85% of Camp Naish sites, and l00% of Kansas City 

sites. 

Although Camp Naish is a relatively undeveloped area, 

buildings and roads are present, and portions of the camp 

are intensely used during the summer. However, urbanization 

does not seem to limit western earth snake distribution on 

Camp Naish to the degree that it does in Kansas City. Since 

t-tests showed that both canopy cover (Table 5) and distance 

to road (Table 9) were different between capture and no

capture sites on Camp Naish, it is likely that Camp Naish 

has enough disturbance that it impacts snake distribution, 

but not enough to be the main criteria that determines 

whether habitat is suitable. Because the DFA model based on 

canopy cover and litter failed to correctly identify sites 

in Kansas City, urbanization must be at a high enough level 

.to make it, and not habitat, the criteria that determines 

suitability. It has also been suggested by Slauch (l978) 

that as urbanization intensifies, the sensitivities of 

species to urbanization amplify. Increasing urbanization 

pressures on Camp Naish, which may be one of the last hold 

outs of this species in Kansas, will undoubtedly lead to a 
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higher sensitivity of western earth snakes to urbanization. 

This result can only lead to decreasing numbers and a more 

limited distribution of western earth snakes on Camp Naish. 

These results emphasize the importance of testing 

habitat models where they will be used, in urban areas. 

They also suggest that models to be used in these areas 

should be developed to include factors related to 

urbanization, especially if the focus species is sensitive 

to urbanization. Finally, research is needed that describes 

individual species' sensitivities to urbanization, so 

conservation plans for urban areas can be effectively and 

accurately constructed and implemented. 
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APPENDIX 1. Habitat suitability Index models for the 

eastern hognose, northern red-bellied, and 

western earth snakes. 
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EASTERN HOGNOSE SNAKE ECOLOGY 

General Habitat Information 

Platt (1969) compiled the published statements 

concerning the habitat preferences of the eastern hognose 

snake. These statements identified preferred habitats as 

ranging from open fields to deciduous and pine forests, and 

from dry, sandy areas to wooded swamps. The majority of the 

statements identified dry, sandy areas or dry, open woods 

along rivers to be the snake's preferred habitat. The range 

and points. of collection of eastern hognose snakes in Kansas 

is illustrated by the map below (Platt 1969). 
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Food 

Platt (1969) compiled the records of food eaten by 

eastern hognose snakes in the following table. It is 

unknown whether insects are actually eaten by the snake or 

are present in an eaten amphibian's stomach. In Harvey 

County, Kansas, Platt found that 21 snakes had eaten leopard 

frogs, bullfrogs, Great Plains toads, Rocky Mountain toads, 

a tiger salamander, and a caterpillar. It is thought that 

the snakes eat the amphibians most common to the region. 
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Variables for Eastern Hognose Snake Model 

Cover Type 

Grassland/ 
Old Field 

Hardwood/ 
Riparian 

Life History 
Requirements 

Model Variables 

Food. __ ~Amphibians ___ / 
I \ 

Distance 
/to Water 

I \ Soil Type ----\ 

I 
____ ! 

\ 

\ 
Cover Percent Ground 

Vegetation 

Food __ ~Amphibians ___ / 
\ 

\ Canopy Cover 
\ I 
Cover / 

-\ 
\Percent Ground 
Vegetation 

62 

Distance 
/ to Water 

\ Soil Type 



EASTERN HOGNOSE SNAKE MODEL 

Variables: Canopy cover, Percent Ground Vegetation, 

Distance to Water, Soil Type 

CANOPY COVER 

< 41% 

41 - 55% 

56 - 70% 

71 - 85% 

86 - 100% 

PERCENT GROUND 

VEGETATION 

< 20% 

20 - 39% 

40 59% 

60 - 79% 

> 79% 

DISTANCE TO WATER 

< 200m 

200 - 300m 

300 - 400m 

400 - soom 

> 500m 

63 

SCORE 

5 

4 

3 

2 

1 

SCORE 

5 

4 

3 

2 

1 

SCORE 

5 

4 

3 

2 

1 



SOIL TYPE 

loose and sandy 

loose 

somewhat loose ·. 

firm, clayey 

completely impenetrable 

64 

SCORE 

5 

4 

2 

3 

1 



Graphs showing the theorized relationship between habitat 

variables and suitability for the eastern hognose snake 

model. 

cc 
Sultablllly 3 

Index 2 

1 

DlW 
Suitability 3 

Index 2 

1 

0 20 40 60 80 100 
Canopy Cover(%) 

0 100 200 300 400 600 
Distance lo Water (m) 
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VEG 
Sullablllty 3 

Index 2 

1 

5 

4 
SOIL 

Suitability 3 

Index 2 

1 
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• 
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WESTERN EARTH AND NORTHERN RED-BELLIED SNAKE ECOLOGY 

General Habitat Information 

The western earth and northern red-bellied snakes share 

very similar habitats according to the literature. They are 

found in moist woodlands or forest edge, frequently on 

hillsides above streams. The snakes are secretive, spending 

time in leaf litter and under rocks, logs, boards, or other 

debris (Collins 1974, 1982). 

Food 

The western earth snake eats earthworms (Collins 1974, 

1982; w. Busby, Kansas Natural Heritage Program, pers. com. 

1990). The northern red-bellied snake is thought to eat 

earthworms, small slugs, snails, isopods and beetle larvae 

(Collins 1974, 1982; w. Busby, KNHP, pers. com. 1990). 
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Variables for Western Earth and Northern Red-bellied Snake 

Model 

Cover Type 

Hardwood/ 
Riparian 

I 
\ 

Life History 
Requirements 

Model Variables 

Percent 
Ground 

/Litter 
I 

Food ____ Worms/Slugs __ ~L Distance 
/ Inverts \ to Water 

I \ 
/ \Aspect 

/ {North 
/ or South) 

\ 
\ 

\ 
\ 

\ 

Canopy Cover 
I 

/ Aspect (North 
I / or South) 

L Slope. ______ / 
I \ 

cover/ \ Inclination 
\ 

\ Percent 
-,--Litter 

Ground 

\ 
\Percent Ground 
Debris 
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WESTERN EARTH AND NORTHERN RED-BELLIED SNAKE MODEL 

Variables: Canopy Cover, Ground Cover Litter, Distance to 

Water, Nor s Aspect, Slope, Ground Cover 

Debris 

CANOPY COVER 

> 85% 

71 - 85% 

56 - 70% 

40 - 55% 

< 40% 

GROUND COVER LITTER 

> 80% 

61 - 80% 

41 - 61% 

20 - 41% 

< 20% 

DISTANCE TO WATER 

< 200 m 

200 - 399 m 

400 - 599 m 

600 - 800 m 

< 800 m 

69 

SCORE 

5 

4 

3 

2 

1 

SCORE 

5 

4 

3 

2 

1 

SCORE 

5 

4 

3 

2 

1 



SLOPE AND ~SPECT 

68 - 100% N 

68 - 100% S 

0 - 33% 

34 - 67% N 

34 - 67% S 

GROUND COVER DEBRIS 

> 50% 

36 - 50% 

21 - 35% 

5 - 20% 

< 5% 

70 

SCORE 

5 

4 

3 

2 

1 

SCORE 

5 

4 

3 

2 

1 



Graphs showing the theorized relationship between habitat 

variables and suitability for the western earth and northern 

red-bellied snake model. 
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APPENDIX 2. Sample data sheet used for habitat 

analysis. 

72 



~-

,, ,. 

~ 
u 

i 

I 
C 

.. 

• • 

C 
~ 
> • u 
• = ;: 
C 
u 

C u 
> 
0 u 

" g 

• > ,. 
~ 

.. 

. 
-
-
-
--

~ 
~ 

. 
-
-
-

-. 
.l, 
C • , 
, 

I 

= 

= 

~ 
• . 
• 

" 

.. 

"' a 

"' • ,. . 
A 

~ 
;; 

' . 

u 

u 

~ 
~ 

• • 
N 

-: : . , 

= 

0 

~ . 
• s .. 
;; 

2 -

.. 
" u 
.: 2 

A U 

. 
~ . " .. ~. ~ -

- . 
G·~ 
• ~ ~ 

§ " ! 0 :;; ..: 
~ 

"' 5 C 
C 

:! 
~ ' u a w • .. 

:;; ~ 
u w = C u 
:i • 
z .. w z 

~ ~ : • 
E > 

.! 

! 
w 

.. w 

i = w 
a 
~ 
~ 

" .; 
g 
• 

u 

~ -
"' 
.. 
• -
fJ 

::: 
~ • = ·W .. 
~ 
~ 

N 

i;; a 

.. 
;; 
e 

,-

-- -- .. - ·- ·-= ~ 
. 

~ -- ·- - -·. . - - - - - ,- ,- --2 
u ' 

; 
i - - - - -- - --

~ 
I 

~-· ' . . 
• -- • 

w ' -~ 
-~ 0 .: " .: . ..; I 
:a: 

:a: u . 
·::: 

' i 
: I .. 
~ ! 

= ;:: 
I ;~, . . I 

~ ' - I - r-

' ' ' £ I 
:: I I C 

' I -
a • 

w ~ 
• 
' - -- - - ,-1-

§-r- . • ~ i ! .. w L w 

I 
Qe-,- w 
~ • .. ; u 

I . C -• u 

73 



APPENDIX 3. Habitat data and vertebrate captures on 

Wyandotte County trap sites. 
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Trap site 1 (CN} 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0
) 

data 50 40 240 14 180 

hog score 4 4 

wes score 2 2 4 3 

HOG HSI 0. 70 WES HSI 

Captures: Eastern Yellowbelly Racer (1) 

Prairie Ring-neck Snake (5) 

Texas Brown Snake (1) 

Worm Snake (2) 

Five-lined Skink (3) 

Trap site 2 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) 

data 80 55 180 10 270 

hog score 2 5 

wes score 4 3 4 3 

HOG HSI 0.65 WES HSI 

Captures: Osage copperhead (1) 

75 

DEB(%) VEG(%) ST 

30 35 2 

4 2 

3 

0.56 

DEB(%) VEG(%) ST 

5 35 2 

4 2 

2 

0.64 



Trap site 3 (CN) 

CC{%) LIT(%) DTW(m) SL{%) AS ( 0
) DEB(%) VEG(%) ST 

data 75 55 750 l.O 90 5 45 3 

hog score 2 l. 3 3 

wes score 4 3 2 3 2 

HOG HSI 0,45 WES HSI 0.56 

captures: None 

Trap site 4 {CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0
) DEB(%) VEG(%) ST 

data 90 65 390 l.O 360 l.5 40 3 

hog score l. 3 3 3 

wes score 5 4 3 3 2 

HOG HSI 0.50 WES HSI 0.68 

Captures: None 

Trap site 5 (CN) 

CC(%) LIT{%) DTW{m) SL(%) AS ( 0
) DEB(%) VEG(%) ST 

data 75 50 84 23 225 40 25 3 

hog score 2 5 4 3 

wes score 4 3 5 3 4 

HOG HSI 0.70 WES HSI 0.76 

Captures: Worm snake ( l.) 
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Trap site 6 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 60 35 60 35 135 35 25 2 

hog score 3 5 4 2 

.wes score 3 2 5 3 3 

HOG HSI 0.70 WES HSI 0.64 

Captures: Eastern Yellowbelly Racer (1) 

Worm Snake (3) 

American Toad ( 1) 

Trap site 7 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0
) DEB(%) VEG(%) ST 

data 50 40 120 23 90 40 40 3 

hog score 4 5 3 3 

wes score 2 2 5 3 4 

HOG HSI 0.75 WES HSI 0.64 

Captures: Worm snake (3) 

Five-lined Skink (1) 
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Trap site 8 (CN) 

cc(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 75 50 120 3 270 15 45 2 

hog score 2 5 3 2 

wes score 4 3 5 3 2 

HOG HSI 0.60 WES HSI 0.68 

Captures: Eastern Yellowbelly Racer (1) 

Rough Green Snake (1) 

Worm Snake (2) 

Trap site 9 (CN) 

\ CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

\ data 75 50 210 8 180 5 45 2 
.:-

_; hog score 2 4 3 2 
,. 
- wes score 4 3 4 3 2 

HOG HSI 0.60 WES HSI 0.64 

Captures: Eastern Yellowbelly Racer (1) 

Red-sided Garter Snake (2) 

American Toad (1) 

78 



Trap site 10 (CN) 

cc ( %) LIT ( %) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 65 40 276 7 203 25 30 2 

hog score 3 4. 4 2 

wes score 3 2 4 3 2 

HOG HSI 0.65 WES HSI 0.56 

Captures: Red Milk Snake (1) 

Worm Snake (2) 

Trap site 11 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 80 30 390 12 225 30 55 3 

hog score 2 3 3 3 

wes score 4 2 3 3 3 

HOG HSI 0.55 WES HSI 0.60 

captures: Western Earth Snake (2) 

Worm Snake (3) 

79 



Trap site 12 (CN) 

CC(%) LIT{%) DTW(m) SL(%) AS ( 0
) 

data 70 40 84 18 90 

hog score 3 5 

wes score 3 2 5 3 

HOG HSI 0.75 WES HSI 

Captures: Prairie Ring-necked Snake (4) 

Texas Brown Snake (1) 

Western Earth snake (2) 

Eastern Chipmunk (1) 

Trap site 13 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS( 0
) 

data 95 40 90 0 0 

hog score 1 5 

wes score 5 2 5 3 

HOG HSI 0.55 WES HSI 

Captures: Eastern Yellowbelly Racer (1) 

Osage Copperhead (1) 

Red-sided Garter Snake (3) . 

Texas Brown Snake (2) 

Western Earth Snake (1) 

80 

DEB(%) VEG(%) ST 

20 40 4 

3 4 

2 

0.60 

DEB(%) VEG(%) ST 

15 60 3 

2 3 

2 

0.68 



Trap site 14 {CN) 

CC(%) LIT{%) DTW{m) SL{%) AS ( 0
) 

data 80 55 240 4 225 

hog score 2 4 

wes score 4 3 4 3 

HOG HSI 0.65 WES HSI 

Captures: Prairie Ring-necked Snake (1) 

Western Earth Snake (2) 

Worm Snake (3) 

Ground Skink {3) 

Trap site 15 {CN) 

CC(%) LIT(%) DTW{m) SL(%) AS ( 0 ) 

data 55 40 180 13 90 

hog score 4 5 

wes score 2 2 5 3 

HOG HSI 0.70 WES HSI 

Captures: Five-lined Skink (1) 

Blanchard's Cricket Frog ( 1) 

81 

DEB{%) VEG(%) ST 

15 35 3 

4 3 

2 

0.64 

DEB(%) VEG(%) ST 

5 60 3 

2 3 

2 

0.56 



Trap site 16 (CN) 

CC(%) LIT(%) DTW{m) SL{%) AS ( 0 ) DEB(%) VEG(%) ST 

data 60 40 360 13 90 10 60 3 

hog score 3 3 2 3 

wes score 3 2 4 3 2 

HOG HSI 0.55 WES HSI 0.56 

captures: Black Rat Snake (2) 

Western Earth Snake (1) 

Worm Snake (1) 

Leopard Frog (1) 

Trap site 17 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0) DEB(%) VEG(%) ST 

data 80 35 240 15 225 20 55 2 

hog score 2 4 3 2 

wes score 4 2 4 3 2 

HOG HSI 0.55 WES HSI 0.60 

Captures: Texas Brown Snake (1) 

Western Earth Snake (2) 
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Trap site 1.8 {CN) 

CC(%) LIT(%) DTW{m) SL(%) AS ( 0 ) 

data 80 35 240 1.5 

hog score 2 4 

wes score 4 2 4 

HOG HSI 0.55 

captures: Rough Green Snake (1.) 

Western Earth Snake (1.) 

American Toad (3) 

Leopard Frog ( 1.) 

Trap site 1.9 {CN) 

3 

225 

WES HSI 

CC(%) LIT(%) DTW{m) SL(%) AS ( 0
) 

data 90 40 66 22 248 

hog score 1. 5 

wes score 5 2 5 3 

HOG HSI 0.60 WES HSI 

Captures: Western Earth Snake (i) 

Worm Snake (3) 
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DEB(%) VEG(%) ST 

20 55 2 

3 2 

2 

0.60 

DEB{%) VEG(%) ST 

30 45 3 

3 3 

3 

0.72 



Trap site 20 (CN) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0
) DEB(%) VEG(%) ST 

data 80 40 240 18 360 15 50 3 

hog score 2 4· 3 3 

wes score 4 2 4 3 2 

HOG HSI 0.55 WES HSI 0.60 

Captures: Ground Skink ( 1) 

Trap site 21 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 80 50 18 0 0 5 25 2 

hog score 2 5 4 2 

wes score 4 3 5 3 2 

HOG HSI 0.60 WES HSI 0.68 

Captures: Eastern Yellowbelly Racer (1) 

Eastern Spadefoot Toad (1) 

Trap site 22 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 70 5 12 4 248 5 85 4 

hog score 3 5 1 4 

wes score 3 1 5 3 2 

HOG HSI 0.65 WES HSI 0.56 

Captures: Leopard Frog (2) 

American Toad (2) 
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Trap site 23 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 85 65 48 9 315 25 30 3 

hog score 2 5 4 3 

wes score 5 4 5 3 3 

HOG HSI 0.70 WES HSI 0.80 

Captures: Red-sided Garter Snake (2) 

Trap site 24 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 60 30 420 5 248 5 55 3 

hog score 3 2 3 3 

wes score 3 2 4 3 2 

HOG HSI 0.60 WES HSI 0.56 

Captures: American Toad (2) 

Trap site 25 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 75 40 276 17 113 5 50 4 

hog score 2 4 3 4 

wes score 4 2 4 3 2 

HOG HSI 0.60 WES HSI 0.60 

Captures: Red-sided Garter snake (1) 

Worm Snake (1) 

American Toad (2) 
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Trap site 26 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 55 15 150 20 45 10 65 4 

hog score 4 5 2 4 

wes score 2 1 5 3 2 

HOG HSI 0.75 WES HSI 0.52 

Captures: American Toad (5) 

Trap site 27 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 75 35 384 21 135 20 45 2 

hog score 2 3 3 2 

wes score 4 2 4 3 2 

HOG HSI a.so WES HSI 0.60 

Captures: None 

Trap site 28 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS( 0
) DEB(%) VEG(%) ST 

data 90 30 402 10 360 5 60 2 

hog score 1 2 2 2 

wes score 5 2 4 3 2 

HOG HSI 0.40 WES HSI 0.64 

Captures: None 
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Trap site 29 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 100 15 18 3 158 5 65 2 

hog score 1 5 2 2 

wes score 5 1 5 3 2 

HOG HSI 0.50 WES HSI 0.64 

Captures: Red-sided Garter Snake (1) 

Trap site 30 (KC) 

CC(%) LIT ( %) DTW(m) SL(%) AS { 0 ) DEB{%) VEG(%) ST 

data 75 15 474 12 135 20 45 2 

hog score 2 2 3 2 

wes score 4 2 4 3 2 

HOG HSI 0.55 WES HSI 0.60 

Captures: None 

Trap site 31 (KC} 

CC{%) LIT{%) DTW{m) SL{%) AS { 0 ) DEB(%) VEG(%) ST 

data 95 25 240 14 360 50 35 1 

hog score 1 4 4 1 

wes score 5 2 4 3 4 

HOG HSI 0.50 WES HSI 0.72 

Captures: Red-sided Garter Snake (1) 
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Trap site 32 (KC) 

cc(%) LIT(%) DTW(m) SL(%) AS ( 0 } DEB(%) VEG(%) ST 

data 75 25 42 18 360 35 20 2 

hog score 2 5 4 2 

wes score 4 2 5 3 3 

HOG HSI 0.65 WES HSI 0.68 

Captures: Red-sided Garter Snake (2) 

Trap site 33 (KC} 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB ( %) VEG(%} ST 

data 75 60 180 16 315 15 75 3 

hog score 2 5 2 3 

wes score 4 3 5 3 2 

HOG HSI 0.75 WES HSI 0.68 

captures: None 

Trap site 34 (KC) 

CC(%) LIT(%) DTW{m) SL(%) AS ( 0 ) DEB(%} VEG(%) ST 

data 100 85 90 10 270 5 65 2 

hog score 1 5 2 2 

wes score 5 5 5 3 2 

HOG HSI 0.65 WES HSI a.so 

captures: None 
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Trap site 35 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0 ) DEB(%) VEG(%) ST 

data 95 10 366 12 203 25 50 2 

hog score 1 3. 3 2 

wes score 5 1 4 3 3 

HOG HSI 0.50 WES HSI 0.64 

Captures: .American Toad (1) 

Trap site 36 (KC) 

CC(%) LIT(%) DTW(m) SL(%) AS ( 0
) DEB(%) VEG(%) ST 

data 55 35 480 9 338 55 60 2 

hog score 4 2 2 2 

wes score 2 2 3 3 5 

HOG HSI 0.60 WES HSI 0 •. 60 

Captures: None 
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summary of snake captures at each trap site (ts). 

ts BRS EYR COP PRS RMS RSG RGS TBS WES WRM To 

1 0 1 0 5 0 0 0 1 0 2 9 

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

3 0 0 0 0 0 0 0 0 0 0 0 

4 0 0 0 0 0 0 0 0 0 0 0 

5 0 0 0 0 0 0 0 0 0 1 1 

6 0 1 0 0 0 0 0 0 0 3 4 

7 0 0 0 0 0 0 0 0 0 3 3 

8 0 1 0 0 0 0 1 0 0 2 4 

9 0 1 0 0 0 2 0 0 0 0 3 

10 0 0 0 0 1 0 0 0 0 2 3 

11 0 0 0 0 0 0 0 0 2 3 5 

12 0 0 0 4 0 0 0 1 2 0 7 

13 0 1 1 0 0 3 0 2 1 0 8 

14 0 0 0 1 0 0 0 0 2 3 6 

15 0 0 0 0 0 0 0 0 0 0 0 

16 2 0 0 0 0 0 0 0 1 1 4 

17 0 0 0 0 0 0 0 1 2 0 3 

18 0 0 0 0 0 0 1 0 1 0 2 

19 0 0 0 0 0 0 0 0 1 3 4 

20 0 0 0 0 0 0 0 0 0 0 0 
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ts BRS EYR COP PRS RMS RSG RGS TBS WES WRM To 

2i 0 i 0 0 0 0 0 0 0 0 i 

22 0 0 0 0 0 0 0 0 0 0 0 

23 0 0 0 0 0 2 0 0 0 0 2 

24 0 0 0 0 0 0 0 0 0 0 0 

25 0 0 0 0 0 i 0 0 0 i 2 

26 0 0 0 0 0 0 0 0 0 0 0 

27 0 0 0 0 0 0 0 0 0 0 0 

28 0 0 0 0 0 0 0 0 0 0 0 

29 0 0 0 0 0 i 0 0 0 0 i 

30 0 0 0 0 0 0 0 0 0 0 0 

Ji 0 0 0 0 0 i 0 0 0 0 i 

32 0 0 0 0 0 2 0 0 0 0 2 

33 0 0 0 0 0 0 0 0 0 0 0 

34 0 0 0 0 0 0 0 0 0 0 0 

35 0 0 0 0 0 0 0 0 0 0 0 

36 0 0 0 0 0 0 0 0 0 0 0 

9 

ts= trapsite, BRS = black rat snake, EYR = eastern 

yellowbelly racer, COP= osage copperhead, PRS = prairie 

ringneck snake, RMS= red milk snake, RSG = red-sided garter 

snake, RGS = rough green snake, TBS= Texas brown snake, 

WES= western earth snake, WRM = worm snake, To= total. 
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