
AMPHIBIAN AND REPTILE DISTRIBUTIONS 

IN URBAN RIPARIAN AREAS 

A Thesis 

presented to 

the Faculty of the Graduate School 

University of Missouri-Columbia 

In Partial Fulfillment 

of the Requirements for the Degree 

Master of Science 

By 

JOHN AHRENS 

Dr. Charles Nilon, Thesis Supervisor 

MAY, 1997 



'i-

ACKNOWLEDGMENTS 

I thank the following people for their contribution to the completion of this 

project: Charlie Nilon, whose endless support and guidance helped me push 

through the difficulties of drafting a thesis; Charlie Rabeni, Jan Weaver and 

Ray Semlitsch, who provided technical assistance and criticism of the final 

drafts of this document; additional thanks to Jan Weaver for standing in on 

my committee at the last minute; Ken Brunson and the Kansas Department 

of Wildlife and Parks Non-Game Wildlife Program for funding, providing 

permits and other technical and moral support d]lring summer fieid work; 

Wyandotte County Surveyor's Office, for providing maps and access to their 

data base; Joe Collins, at the University of Kansas, for his assistance and 

support; Park Manager Jerry Schecher for allowing me to stay at Clinton Lake 

State Park; Rick Ledgerwood and Camp Naish Boy Scout Reservation, 

Burgess and Laura Burch, John Bruner, Kenny Cook, Rick Tague, Kansas City 

U.S.D #500 and Schlagle High School, and the City of Edwardsville, for the 

use of their property during this study; Mike Trump, Ramona Weidel and 

Scott Huckstep, for their assistance in the field; Elizabeth Armand, Brian Root 

and Scott Sowa for additional technical assistance; my family, especially my 

parents, Rich and Colette Ahrens, for their support of my continuing 

education; Bill Brown for his friendship, support and encouragement giving 

me the much needed incentive to get this finished, despite numerous 

personal obstacles; Donal Hogan for his friendship and support; the Missouri 

Fish and Wildlife Co-op Unit and the faculty, staff and graduate students of 

the Fisheries and Wildlife Program and the School of Natural Resources for 

their support. Thanks to all of you! 

ii 



ABSTRACT 

Riparian areas in Wyandotte County, Kansas, were used to study amphibians 

and reptiles along an urban gradient. Species richness and compostion were 

measured for amphibians and reptiles. Population abundance was measured 

for the American toad ffiufo americanus) and the plains leopard frog (Rana 

blairi). These parameters were compared to habitat and land use variables to 

determine if correlations existed between species distribution and different 

measures of urbanization. This was done to attempt to determine which 

forms of urban development lead to changes in species composition as noted 

in previous studies. High density residential and institutional land uses were 

particularly important as predictors of species richness and compostion. 

Other variables related to urbanization were also significantly correlated with 

the distributions of amphibians and reptiles in Wyandotte County. However, 

different land uses have different, and sometimes seemingly opposite, effects 

on the distributions of amphibian and reptile communities. 
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INTRODUCTION 

McDonnell and Pickett (1990) define urbanization !iS "an increase in 

human habitation, coupled with increased per capita energy consumption 

and extensive modification of the landscape, creating a system that does not 

depend principally on local natural resources to persist." A gradient effect 

results when urbanization occurs over some distance, between rural or 

undeveloped land and an urban center. Such a situation exists in Wyandotte 

County, Kansas. A series of streams flow into the Kansas River from the less

developed western portion of the county to the densely populated urban 

center in the east. 

Riparian Areas and Surrounding Land Uses 

Riparian areas bordering streams are diverse both with their habitat 

structure and their species composition. This is due to their nature of being a 

boundary between aquatic and upland habitats. Seasonal flooding of these 

areas creates a soil moisture gradient along the rivers and streams that 

produces a habitat continuum supporting a diversity of species adapted to 

both aquatic and upland conditions (Wharton et al., 1982). 

Urbanization variables, including land use, can be sampled along an 

urban gradient. Limburg and Schmidt (1990) used generally defined land uses 

(urban, agriculture and forest) along a river that follows an urban gradient to 

study fish breeding success. They found that urban land use explained a 

significant amount of the variability in fish egg and larval densities. 

This study investigated urban land use in greater detail, breaking it up 

into specific urban land use types, such as industrial, commercial and two 

measures of residential land use. Riparian zones along streams flowing into 

the Kansas River in Wyandotte county were used to test these variables along 

1 



'' 

an urban gradient. Amphibians and reptiles were used as indicators of 

change in these riparian wildlife communities. 

Amphibians and Reptiles 

Amphibians are good indicators of impacts on riparian areas as they are 

dependent on both aquatic and upland habitats to complete their life cycles. 

Though not as dependent on an open water source for breeding, reptiles have 

similar habits as amphibians and require many of the same upland habitat 

features that amphibians use. As a result, they can be captured using the 

same techniques used for amphibians (Campbell and Christman, 1982; Vogt 

and Hine, 1982). Therefore, they have been included in this investigation. 

Campbell (1974) states that habitat alteration and loss, as a result of 

urbanization and human impacts, is probably the primary threat to urban 

reptile and amphibian populations. Wetlands have been drained at 

enormous rates, leaving less than 30% of that believed to have been present 

in the US during pre-colonial times (Brinson, 1981; Mitsch and Gosselink, 

1986). While some of the lost wetland habitat is now being recovered, habitat 

alteration may be being ignored. Minton (1968) found that amphibian and 

reptiles were disappearing from an Indianapolis suburb during a period of 

development. He attributed these losses to modification of the aquatic 

habitat. Alteration of the habitat, and surrounding areas, differs from habitat 

loss in that the water source may remain intact, but becomes poor wildlife 

habitat due to extensive disturbance and landscape changes upland from the 

water. These changes may create barriers to movement or may pollute the 

aquatic environment, rendering it of little value to wildlife populations. 

The potential effects of habitat alteration are not restricted to the 

wetlands, bottomlands and riparian areas where one expects to find 

amphibians and reptiles. Alteration of the uplands around these areas may 
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also be important in determining breeding success and distribution. 

Amphibians move upland for dispersal and to find water as streams dry up. 

Some species of amphibians and reptiles migrate to their breeding sites. 

These species may be more likely to be killed on roads, so road density of 

surrounding areas is an important factor (Campbell, 1974). Other urban 

barriers such as buildings and basement window wells (which act as pitfall 

traps) may also influence population sizes (Campbell, 1974). 

Vershinin (1990) found that amphibian species composition and 

distribution changed as urbanization increased. He studied amphibian 

populations in Sverdlovsk, USSR, and found a decline in species numbers as 

one approached the center of the city, where none were found. He stated that 

this trend was significant even when habitat degeneration and loss were 

insignificant. He found that local densities could actually increase with 

restriction of habitat area. This results when the population is confined into a 

small space and individuals are not able to migrate out to other locations. 

Several other previous studies of amphibians and reptiles in urban 

settings have demonstrated that there are effects relating urbanization to 

changes in abundance, species richness and species composition (Dickman, 

1987; Campbell, 1974; Orser and Shure, 1972; Minton, 1968). However, none 

of these studies indicated which urban land uses may be responsible for these 

changes. This study investigated which forms of human development are 

related to changes in the amphibian and reptile populations. 

In a recent study conducted in Wyandotte County, Fitzgerald and 

Nilan (1993) found that urbanization variables (distance to the nearest road, 

building density) were significant factors in determining the presence of the 

western earth snake (Virginia valeriae). Based on their research, they 
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recommended further investigation into the association between land use 

and the presence of the western earth snake. 

Research Goal, Questions and Objectives 

The goal of this research was to assess how changes in land use along 

an urban gradient reflect changes in amphibian and reptile communities. 

This information may be useful as urban planners and wildlife managers 

work towards optimizing development potential while minimizing 

environmental impacts. Toward reaching this goal, the following questions 

were asked: 

1. How does amphibian and reptile species richness vary in riparian areas 

with different surrounding habitat and land use? 

2. How does amphibian and reptile species composition vary in riparian 

areas with different surrounding habitat and land use? 

3. How do the abundances of common species that use riparian areas vary in 

areas with different surrounding habitat and land use? 

4. Which elements or characteristics of an urban landscape are most closely 

related to changes in the amphibian and reptile communities along an 

urban gradient? 

To answer these questions the following objectives were addressed: 

1. To identify amphibian and reptile species found at nine riparian sites 

located throughout Wyandotte County. 

2. To identify amphibian and reptile species associations and their 

distribution throughout the county. 

3. To estimate abundances for the American toad and the Plains leopard frog 

at each location. 

4. To measure habitat and land-use characteristics around trapping stations 

located along an urban gradient. 
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MErHODS 

Study Area 

Wyandotte County is situated at the confluence of the Missouri and 

Kansas rivers (Figure 1). It is the center most of eight counties that make up 

the Kansas City Metropolitan Region (KCMR). It is composed of Kansas City, 

Kansas, and the incorporated cities of Bonner Springs and Edwardsville. 

Wyandotte is the smallest Kansas county, with an area of 391 km2, as well as 

the smallest in the KCMR (Van Doren et al, 1975). It has the highest 

population density (414 people/km2) of any county in the region or the entire 

state of Kansas (U. S. Department of Commerce, 1993). The bulk of the 

county's population is centered on downtown Kansas City in the eastern 

quarter of the county, where the local human population density exceeds 

3600/ha. Most of the county, however, is below 1200 people/ha (Van Doren 

et al, 1975). 

Although all of Wyandotte County is described as being within the 

limits of the KCMR, only the eastern half is considered to be urbanized, the 

remainder being a mix of woodlands, grassland and cropland, making it rural 

in character (Van Doren et al, 1975). Remnant tracts of woodland also persist 

within the urbanized portion of the county, primarily following stream 

courses. 

Many of the county's streams remain in a relatively natural state, 

flowing through recreational, agricultural, residential, commercial and 

industrial land uses (Table 1). This situation provides an excellent 

opportunity to study the wildlife of riparian corridors along an urban 

gradient. 
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Site Selection 

Eighteen potential study areas were identified in Wyandotte County. 

These 18 sites were chosen because they contain intermittent streams and 

have alluvial soils, according to the SCS Soil Survey (U.S. Department of 

Agriculture, 1977). Alluvial soil was the only soil type found county wide 

and was selected to provide a standard from which other differences could be 

compared. The loose alluvial soils also allow easy burrowing for amphibians 

and burrowing reptiles, and the intermittent streams help to concentrate the 

amphibians near the deeper portions that persist later into the summer dry 

season. Landowner!'! at each of these 18 locations were contacted to obtain 

permission to use their property for this study. This resulted in eight sites 

being selected for setting up trapping arrays (Figure 2). 

Access to one of these original eight sites (site C) became difficult, so a 

ninth site (site F) was established in its place for the 1995 field season 

. Therefore, Site C was not reopened in 1995 and Site F was not yet established 

in 1994. Data for both of these sites has been included in this study. All other 

sites were open during both seasons. 

Sites A, B and C are all located in the Camp Naish Boy Scout 

Reservation. This area was characterized by mixed deciduous woodland and 

was bisected by an asphalt road. The area was bound by a rock quarry to the 

west, rural homesteads to the north, housing communities to the east and a 

state highway to the south. Site D was situated just north of Camp Naish on 

privately owned property. This land was primarily used for grazing cattle. 

These four sites all border branches of East and West Mission Creek. Sites E 

and F were located along Betts Creek. At site E, this creek was buffered on 

both sides by at lease 1.5 km of mixed hardwood forest. Beyond this buffer 

zone to the west was a plot of land leased out for crop production. During the 
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first year of the study, this area was planted with soy beans, which were never 

harvested. In the second year, portions of the field were planted in corn, 

some in soy and others left fallow. This again was not attended to and not 

harvested. At site F, Betts Creek was bounded by a community park to the 

west and cropland (corn) to the east. Site G was located on Little Turkey 

Creek. The surrounding area was used primarily .for cattle grazing. The 

owner of the property owned two cows and two horses. The portion of the 

property immediately adjacent the creek, which cut across the far end of the 

property, was planted in hay grass and was cut periodically. The horses were 

restricted to an area adjacent to the house and the road while the cows had 

full run of the property. Sites H and I bordered different tributaries of the east 

branch of Brenner Heights Creek. Site H was located on public school 

property. While surrounded immediately by woodland, the area was 

bounded to the east by Schlagle High School, to the west by the district bus 

yard, to the south by a primary five-lane highway and to the north by dense 

residential subdivisions. Site I was bound on one side by cattle grazeland, and 

on the other by a construction company, with a large yard of junked trucks, 

construction vehicles, concrete slabs and other building materials and items. 

Trap lines 

Drift fences with funnel traps were used to measure amphibian and 

reptile community and population parameters at each of the sites (Heyer et al, 

1994). Two trap lines were installed at each of nine sites in 1994 and 1995. 

Lines were placed parallel to the streams within 10 m of a deep pool, where 

water may persist during dry spells. A second important feature was a level 

stream-side substrate capable of supporting the 15 m drift fence, including at 

least 15 em of surface soil. Two trap lines were installed at each of the nine 

sites within 200 m of each other. 
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Trap lines consisted of a 15 m drift fence made from 51 em wide 

aluminum flashing (Figure 3). This flashing was buried 8-14 em leaving at 

least 38 em exposed above ground. Funnel traps were constructed using 

aluminum window screen. Two single-opening traps were placed at each end 

of the drift fence, one on each side of the fence, and two double-opening traps 

were placed on either side of the fence's midpoint (Vogt and Hine, 1982; 

Karns, 1986; Heyer et al, 1994). 

Study Species 

Since the trap sites cover a distance of 16 km from east to west, only 

those species that were known to exist in Wyandotte, and adjacent counties to 

the east and west, were included in the study Q"ohnson, 1987; Conant and 

Collins, 1992; and Collins, 1993). This was done to insure that the species 

studied had a historic natural range that covered the county and would be 

expected to be found at all nine sites. This produced a list of 10 amphibian 

(Table 2) and 22 reptile species (Table 3). 

The American toad and plains leopard frog were used to examine 

population effects. These species were selected because they inhabit a variety 

of habitats, are generalists and are both known to "wander" beyond their 

aquatic habitats (Fitch, 1956a and Fitch, 1956b). This wandering behavior is 

particularly important as it demonstrates their use of the uplands 

surrounding the riparian areas. Both of these species would be expected to be 

found throughout the county. Changes in their population abundance may 

reflect effects of differences related to urbanization in their surrounding 

environment. 

Data Collection 

Opening the traps was done by setting the funnel traps up in their 

positions along the drift fence. Their openings were form-fitted into position 
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to prevent reptiles and amphibians from slipping past them between the drift 

fence and the trap itself. The bottom lip of the opening was then partially 

buried to further direct animals inside with minimal interference. 

Once set, the traps were left open for three or more days at a time and 

checked daily. Traps were checked by first looking through the wire screen to 

its interior, then by looking into the traps opening. lf any portion of the traps 

interior was not clearly visible by either of these methods, the trap was picked 

up for thorough inspection. 

Upon discovery of a capture, an attempt to determine the number of 

animals captured and their species name was conducted before opening the 

trap. The four single-opening traps could be opened by unrolling the end of 

the trap opposite its opening, to reveal a second, funnel free opening. 

Captures were pulled out by hand, except in the case of venomous snakes. 

Animals caught in the double-opening traps were removed from a slit left 

along the seam at the top of the trap. This slit was rolled and crimped to 

prevent escapes. All animals were handled with care and released away from 

the trap line to reduce the possibility of recapture the following day. 

All amphibians and reptiles captured were identified and recorded. 

Species name, date, site number, line number and trap number were recorded 

for each trapped individual. Date of trap opening and closing and presence of 

water at the trap lines were also recorded (Appendix A). Trapping was 

conducted from May to October in 1994 and June to July in 1995. 

Habitat and land use data were measured at three different scales or 

levels (Figure 4). The first (trap line) level was a 15 m radius around the 

center of each trap line. Percent ground cover (leaf litter, woody litter, field 

(tall or otherwise uncut) grass, cut (mowed or grazed) grass, herbaceous, 

shrub, tree, water, bare soil, rock, building, paved surface) and percent canopy 
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cover were measured at this level. Also measured were the stream bottom 

substrates (rock or sand) at each trap line, distance of trap line from stream 

and elevation of trap line above stream. These three measures were taken 

along lines extending perpendicular from the two ends and center of each 

drift fence, and extending across the stream. Measurement at this level was 

done to determine if the nine riparian sites were similar in their habitat 

characteristics. 

Four 15 m transects extending from the center-point of each trap line 

were used to measure the ground and canopy cover. A 7 em length of PVC 

pipe, with monofilament cross-hairs added, was used to determine the 

ground and canopy cover designation Games and Shugart, 1970). Readings 

were taken at 3 m intervals by siting down the pipe and recording the cover 

type located at the cross-hairs. This produced 20 data points for each trap line. 

The second (site) level consists of an area covered by a 100 m radius 

from the midpoint between the two trap lines. Measurement at this level 

allowed both of the trap lines to be included within the area being sampled. 

This measurement was done to determine if habitat variables beyond the 

riparian zone demonstrated any relationship to amphibian and reptile 

distributions. Ground and canopy cover were measured, using four 100 m 

transects, which radiated from the center point. The first bearing was 

randomly determined and the remaining three placed at 90 degree intervals 

from it. The same ground cover variables used at the trap line level were 

used at this level. These data were collected in the same manner as at the trap 

line level, except that they were done at 5 m rather than 3 m intervals. This 

produced 4 transects, each containing 20 data points, per site. 

The third (regional) level covered a radius of 1000 m from the center of 

each site. Percent area of each land use type (Table 1) and distance to the 
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nearest road were measured at this level from a land use map obtained from 

the Wyandotte County Surveyors Office. Percent land use was calculated 

using a modified acreage grid. The grid consists of quarter-inch squares each 

containing four equally spaced dots. A circle representing a 1000 m radius 

was inscribed onto the grid. The grid was centered on the location of each site 

on the land use map. Dots overlaying each land use category within the 

inscribed circle were counted and totaled to produce a percent area. Also at 

this level, landscape complexity was measured using two different indices 

(Table 1). The first, to which will be referred to as landscape complexity, was a 

count of the total number of discrete land use units or parcels within the 1000 

m radius. This was intended to measure the patchiness of the area 

surrounding each site in terms of its land uses. The second landscape 

measure was a simple count of the number of different land uses within each 

circle. These measures were derived to see if the complexity of the landscape 

was related to urbanization, and if it was correlated with amphibian or reptile 

occurrence. 

Analysis 

The habitat variables and the trap line variables (distance of trap line to 

stream and elevation above stream) were tested for significant (p ,;:; 0.05) 

differences between sites using analysis of variance. 

The amphibian and reptile species richness values for each site were 

compared to the habitat and land use variables using Spearman's rank 

correlation analysis (Neter et al, 1989). Rank correlation was used since the 

data are not normally distributed. This analysis was done to determine if 

these variables were correlated with differences in the number of amphibian 

or reptile species found in riparian areas surrounded by different levels of 

development Since fewer than 10 sites were used, p-values could not be 
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properly calculated. Therefore, a correlation coefficient ( I rs I ) ;;, 0.64 was 

determined to be a strong relationship (Irs I ;;, 0.68 was used when n = 8 for the 

site level habitat variables). This value is an estimate of rs when p s; 0.05 

using at-test with 7 degrees of freedom (Neter et al, 1989). 

The nine sites were split into groups based on their amphibian and 

reptile compositions using Jaccard's similarity coefficient with the 

unweighted pair group average method of cluster analysis. This was done to 

determine if different groups of species were correlated with differences in 

habitat and land use characteristics. One grouping was constructed based on 

the presence or absence of amphibians and a second was constructed using 

reptiles (Kovach, 1993) 

Kruskal-Wallis analysis of variance was used to determine if 

significant (p s; 0.05) differences in the habitat and land use variables existed 

between the amphibian groups and the reptile groups. The Mann-Whitney 

probability test was used since only two groups were examined at a time 

(Wilkinson et al, 1992). 

The mean abundances for the American toad and the plains leopard 

frog were tested for correlations with the site variables. Spearman's rank 

correlation analysis was used. Significance was determined using the same 

criteria used for the species richness analyses. 

Each of the land use and habitat variables was tested to determine if 

they were correlated with distance from the urban center. This point was 

defined as the intersection of I-35 and I-70 in downtown Kansas City. 

Spearman's rank correlation was used to determine if the habitat and land 

use variables were correlated with distance from the city center and, therefore, 

with increasing urbanization. 
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RESULTS 

The results used in this study are based on trapping during the last 31 

trapping days in 1994 (11 July to 25 September) and the entire 1995 trapping 

season (25 days from 12 June to 20 July). These are the periods during which 

all the sites were fully operational during the two trapping seasons. The 1995 

trapping season was marked by drought interspersed with flash flooding that 

washed out the sites on two occasions. The second wash-out occurred on 20 

July. At this point trapping was suspended and ultimately terminated. 

Seven of the 10 potential resident amphibian species in Wyandotte 

County were trapped during the study period (Table 2). No salamander 

species were captured during this study. The Great Plains narrowmouth toad 

was trapped once at Site A. This, however, occurred before 11 July 1994, so it 

is not included in the analysis. 

Thirteen of the 22 potential reptiles were trapped during these trapping 

periods (Table 3). A twenty third species, the ground skink, was added to this 

list. This species had been caught in all adjacent counties but was not 

previously recorded in Wyandotte County. A second unlisted species, the 

rough green snake (Opheodrys aestivus), was trapped at Site B before 11 July 

1994. Due to its trapping date, it was not included in the analysis. Two 

additional species, Graham's crayfish snake (Regina grahamii) and the prairie 

kingsnake (Lampropeltis calligaster), were observed (once each) in the 

western portion of the county, but were not caught in traps. A complete list 

of the amphibian and reptile captures is given in Tables 4 and 5. 

Species Richness and Composition 

Amphibian species richness varied from a low of one at site H to a high 

of six at site F (Table 4). None of the sites contained all seven species trapped 

during this study. Reptile richness varied from a low of one, again at Site H 
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to a high of seven at Site A. Most sites had at least four species trapped, but 

Site F had only two and E had three (Table 5). However, species richness was 

not statistically different (p ,;; 0.05) between sites for either amphibians or 

reptiles. 

The nine sites can be divided into two groups based on similarities in 

their amphibian species composition (Figures 5 and 6) and into three groups 

based on their reptile species composition (Figure 7 and B). Amphibian 

species composition analysis produced two groups of sites, the Kansas City 

(KC) sites and Non-KC sites (Figure 6). The Non-KC sites include sites A-F. 

Sites G, H and I make up the KC group. The similarity between these groups 

is 34% (Figure 5). All seven amphibian species were trapped among the Non

KC sites while only the American toad, plains leopard frog and bullfrog were 

trapped among the KC sites (Table 6). Species richness was not significantly 

different (p,;; 0.05) between these two groups. 

The three reptile site groups were identified using cluster analysis 

(Figure B). They are Camp Naish sites, Mixed Group sites and Schlagle. Sites 

A and B are both located in Camp Naish, site H is located on Schlagle High 

School grounds and the Mixed Group contains a mix of sites including one 

site (C) from Camp Naish and one site (I) near Schlagle. Eight reptile species 

were trapped among the Camp Naish sites (Table 7). Two of these (eastern 

hognose snake and western earth snake) are state-listed as threatened and a 

third (ground skink) was the first official record for the county. Nine species 

were trapped among the Mixed Group sites, including the most commonly 

trapped species, common garter snake and the five-lined skink. Only the 

black rat snake, which was common to all three groups, was trapped at 

Schlagle. Schlagle was only 7% similar to the other eight sites, while Camp 
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Naish and Mixed Group were 13% similar (Figure 7). Species richness was 

not significantly different (p s: 0.05) between these three tested groups. 

Abundance of American Toad and Plains Leopard Frog 

Site E had a significantly (p s; 0.05) higher abundance of American toads 

than the remaining eight sites and site F had a significantly (p s; 0.05) higher 

abundance of plains leopard frogs (Table 8). All other sites had similar 

abundances of both species. 

Habitat and Land Use Data 

Nine different ground cover types were observed at the trap line (15 m) 

level (Table 9). No significant differences (p ,;;; 0.05) were found among the 

sites in terms of their stream substrates or the elevations of the trap lines 

above the streams. Sites E and H were significantly (p s: 0.05) further from the 

stream than sites D and I (Table 9). 

Twelve ground cover types were found at the site (100 m) level (Table 

10). Leaf litter was significantly higher at site A than at sites F and G. Leaf 

litter at site G was lower than all other sites. Field (un-cut) grass cover was 

significantly (p s: 0.05) more common at site G than all other sites. 

Herbaceous cover was higher at site Ethan at site F. Canopy cover at sites B 

and E were significantly (p :s: 0.05) higher than at sites F and G. 

Nine land use classifications were identified during this study at the 

regional (1000 m) level (Table 11). Agricultural land use was highest at the 

four sites in the middle of the county (D - G) and was absent from sites H and 

I. Commercial land was highest at sites F and I and was absent from sites A -

E. High density residential land was highest at sites H and I, and was absent 

from sites A- D. Low density residential land use was highest at sites D and E 

and absent from F and H. Industrial land use was highest at site A (which 

was adjacent to a limestone mine) and absent from C, D, E, G and H. 
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Institutional land was highest at site H, then I, and absent or virtually absent 

from all the other sites. Recreational land use was highest in the western 

sites located in Camp Naish, and virtually absent elsewhere. 

Site I (nearest to the city center) was furthest from a road, while site A 

(furthest from the city center) was closest to a road (Table 11), contrary to what 

would be expected. Nearest road distance was not shown to be a significant 

measure in predicting amphibian or reptile distributions. 'Distance to nearest 

road,' therefore, does not seem to be a reliable measure of urbanization. 

Landscape complexity and the number of land uses both generally increased 

from the western sites to the eastern sites, as would be expected (Table 11). 

Urbanization Indices 

The distances of each site were measured from the city center, defined 

as the intersection of I-70 and 1-35 in downtown Kansas City (Table 12). Wood 

litter cover at the trap line level, bare soil and water cover at the site level, 

and high-density residential, commercial, and institutional land uses and 

landscape complexity at the regional level were all negatively correlated ( I r5 I 

~ 0.64) with the distance from the city center (Table 13). Recreational land use 

was positively correlated with distance from the city center. Negative 

correlation with distance from the city center indicates a positive correlation 

with urbanization. 

Relationship Between Habitat and Land Use Variables and Species 

Distribution 

The distance a trap line was from the stream was not correlated with 

either amphibian or reptile species richness. Wood litter was negatively 

correlated ( I r5 I ~ 0.64) with amphibian species richness at the trap line level 

(Table 14). At the site level (Table 15), shrub cover was negatively correlated 

(I r5 I ~ 0.64) with amphibian richness. At the regional level (Table 16), 
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amphibian richness was positively correlated ( I rs I ;;,: 0.64) with agricultural 

land use, while reptile species richness was negatively correlated (I r5 I ;;,: 0.64) 

with high density residential land use and institutional land use. 

The habitat and land use variables were tested for differences (p ,;; 0.05) 

between the two groups (Non-KC and KC) based on amphibian species 

composition similarities (Table 17). At the site level, bare soil cover was 

higher (p ,;; 0.05) at the KC sites and water cover was higher (p ,;; 0.05) at the 

Non-KC sites. Landscape complexity was significantly different between the 

two groups at the regional level, being greater at the KC sites. The Non-KC 

sites were also further (p ,;; 0.05) from the city center as a group than the KC 

sites. 

Since site H (Schlagle) consisted of only one species, which itself was 

common to the other two reptile groups, it was dropped from the analysis of 

the reptile similarity site groupings. This allowed species composition_ as a 

change of species rather than simply a reduction of species richness, to be 

analyzed. The Schlagle "group" was also composed of only one site, with no 

measure of variance. The remaining two groups, Camp Naish and Mixed 

Group (Table 18), had similar species richness values (eight and nine, 

respectively), yet differed in terms of their species compositions, having only 

four species in common. The Camp Naish group's species list was dominated 

by rare reptile species while Mixed Group was dominated by common ones. 

Leaf litter was found to be significantly higher at Camp Naish sites at the site 

level, and the distance from the city center was, again, a significant factor (p ,;; 

0.05), with the Camp Naish sites being further away. 

The habitat and land use variables were tested for correlations with 

population abundance of the American toad and the Plains leopard frog. At 

the trap line level (Table 19), percent leaf litter was found to be negatively 
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correlated with Plains leopard frog abundance while rock cover was found to 

be positively correlated with American toad abundance. At the site level 

(Table 20), Percent herbaceous cover, leaf litter cover, tree cover, water cover 

and canopy cover were positively correlated with American toad abundance. 

Wood litter cover was negatively correlated with Plains leopard frog 

abundance at this level. At the regional level (Table 21), percent commercial 

and transportation land use, landscape complexity and the number of land 

use types were positively correlated with Plains leopard frog abundance. No 

regional variables were significantly correlated with American toad 

abundance. 
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DISCUSSION 

The goal of this research was to assess how changes in land use along 

an urban gradient reflect changes in amphibian and reptile communities. 

This was examined using three different indices: species richness, species 

composition and population abundance. Amphibians and reptiles were used 

to test the community variables, while two amphibian species (American 

toad and plains leopard frog) were used to measure effects on population 

abundance. Habitat and land use were used as potential measures of 

landscape changes due to urbanization. 

Species Richness 

The first question asked how amphibian and reptile species richness 

vary in riparian areas with different surrounding habitat and land use. To 

answer this question, species richness values were correlated with land use 

variables. Using the generally defined land use categories described by 

Limburg and Schmidt (1990), amphibian species richness was highest in the 

suburban to rural sites and lowest in the urban sites (Table 4). Reptile species 

richness changed less apparently, but seems to decline with increased 

urbanization (Table 5). Examining the habitat and land use characteristics of 

these areas provides possible explanations for this generalization. 

In this study amphibian species richness was positively correlated with 

agricultural land use. This may explain the higher amphibian species 

richness values for the sub-urban to rural sites. The rural sites, namely D-G, 

are primarily used as either grazing pasture for cattle (D) or horses (G), or are 

associated with crop production (F). 

Reptile species richness was negatively correlated with high density 

residential land use and institutional land uses. These two land uses were 

also negatively correlated with distance from the city center. This negative 
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correlation reflects a positive correlation with urbanization. 'Ibis adds to 

previous research by suggesting that these specific land uses may be linked to 

declining reptile species richness in cities (Vershinin, 1990; Campbell, 1974; 

Minton, 1968). 

Other land uses, including low density residential, commercial, 

industrial, recreational and roads, did not demonstrate correlations, either 

positive or negative, to amphibian or reptile species richness. This 

demonstrates that using "urban" as a single category to investigate 

urbanization effects on species richness may not be appropriate. A single 

urban category may dilute the results, masking the influence of certain 

important variables with others which have no effect, or perhaps even 

opposing effects. 

Vershinin (1990) found that amphibians were not present at the center 

of the city of Sverdlovsk and that species richness was poor in "heavily 

urbanized biotopes." 'Ibis study further indicates that these changes may be 

related to increases in high-density residential and institutional land uses. 

Species Composition 

The second question asked was how amphibian and reptile species 

composition vary in riparian areas with different surrounding habitat and 

land use. To answer this question effectively, species composition first 

needed to be distinguished from species richness. Whereas species richness 

measures the number of species at a site, species compostion studies 

differences in the species present at different sites with similar species 

richness values. By defining groups of sites based on composition and 

removing the one, single-site group (H) whose only distinction from the 

other groups was a drastic reduction in richness, composition could be 

studied independently from richness. 
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Amphibian species composition changed in two important ways. The 

first was demonstrated as a change in species richness, with lower values in 

the urban and woodland areas, than in the agricultural/ rural parts of the 

county. More important, however is the nature of these changes. Forested 

areas, defined by the Non-KC sites, became dominated by specialist species, 

while the urban areas, defined by the KC sites, contained primarily species 

generalists. Looking at species composition independantly from richness also 

helps to explain the increase in species richness in the agricultural area, 

which is essentially the middle ground between these two extremes of 

development. The specialist species involved in this study included the 

western chorus frog and Blanchard's cricket frog. These two species were 

absent from the three Kansas City sites. Yet the chorus frog was found at four 

of the six Non-KC sites, and the cricket frog was found at all six of these sites. 

Landscape complexity, which was significantly higher at the KC sites, 

was the only significant variable related to amphibian species composition. 

Fitch (1958) states that many cricket frogs die during frequent wanderings 

during both wet and dry seasons. This may account for their apparent absence 

in the complex urban environment of eastern Wyandotte, as opposed to the 

less complex rural character of the western portion of the county. 

There is no mention of any particular behavioral characteristics of the 

chorus frog that would limit their success in a patchy, more urbanized 

landscape. It is possible that these environments interfere with migration 

during the breeding season. Fitch (1958) noted that fluctuation in the 

abundance of this species was correlated with breeding success the previous 

season. 

Woodhouse's toad and the plains spadefoot are floodplain species. As 

only one of the sites (F) was located on the Kansas River floodplain, this 
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alone may explam the absence of these species at the remaining eight sites. 

This change in amphibian species composition is still essentially a reduction 

in species richness. A better demonstration of this generalist/ specialist split 

is found in the reptile species composition analysis. 

Changes in reptile species composition were not simply an explanation 

for a decline in species richness as was true with amphibian composition 

similarities. Three species (Great PlaiDs rat snake, American snapping turtle 

and ornate box turtle) were common to Camp Naish and Mixed Group sites. 

Meanwhile, Camp Naish had four unique species (ground skink, western 

earth snake, western worm snake and eastern hognose snake). Two of these, 

the western earth snake and the eastern hognose snake, are state-listed as 

species in need of conservation (SINC) by the Kansas Department of Wildlife 

and Parks. The Mixed Group had five unique species (five-lined skink, 

common garter snake, copperhead, racer and three-toed box turtle). The 

common garter snake and the five-lined skink were the two most commonly 

trapped reptile species, yet they were absent from Camp Naish. This can be 

described as a shift from rare specialist species at the less-developed Camp 

Naish sites to common, generalist species at the more urbanized Mixed 

Group sites. In Fitzgerald (1994) this trend was demonstrated by a reduction 

in the number of snake species between two similarly defined groups of sites. 

This reduction was lead by a loss of specialist or otherwise rare snake species. 

Leaf litter cover at the site level was the only habitat variable found to 

be significantly different between the Camp Naish sites and the Mixed Group 

sites. Leaf litter cover was greater at the Camp Naish sites. These two groups 

were also significantly different distances from the city center, Camp Naish 

being further out. This demonstrates a possible link between urbanization 
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and species composition, but fails to give any direct information as to the 

source of this difference. 

Vershinin (1990) states that species composition changes with increased 

urbanization pressure, but then seems to relate this to species richness as 

described above. This seems to suggest that changes in composition are 

derived solely from the loss of species with increasing urbanization. Looking 

first at the amphibian similarity groupings, the observation of Vershinin 

(1990) holds true in that the distinction between the two groups can be 

equated to a reduction in species richness (Table 9). Three species (American 

toad, plains leopard frog and bullfrog) were common to both groups, with the 

American toad being common to all nine sites. The four remaining species 

were restricted to the Non-KC Group sites. In this case, a reduction in species 

richness is the sole cause of the difference in species composition. 

However, Vershinin's trend does not completely describe the changes 

in reptile species composition. While reptile species richness was found to 

decrease with decreased distance from the city center, additional changes in 

species composition, were found between the Camp Naish and Mixed Group 

sites. These two groups were significantly different distances from the city 

center but had similar reptile species richness values. Yet, they were still only 

13% similar in terms of their species compositions. This difference was found 

to be described best as a change from specialist to generalist species, with 

increased urbanization, not as a drop in species richness. 

Fitzgerald and Nilon (1993) compared species found at sites located in 

Camp Naish to sites located in Kansas City. They found distances to nearest 

roads and distance to nearest buildings were significant in predicting the 

presence of the threatened western earth snake. These variables would be 

expected to decrease in high-density residential areas as more people reside in 
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a smaller area (buildings closer together) and require more roads to access 

their homes. Distance to nearest road was measured as a part of this study as 

well, though it was not found to be significantly correlated to any of the tested 

parameters. However, the present study did not focus on rare species, as did 

Fitzgerald and Nilan (1993). Road and building density, both of which would 

be expected to increase in a high-density residential area (as described above), 

may be better indicators of negative impacts on species richness, especially by 

restricting the habitat availability for rare, specialist species. 

Population Abundance 

The third question asked was how the abundances of common 

generalist species that use riparian areas vary with different surrounding 

habitat and land use. By comparing the population abundance values of two 

common generalist species, the American toad and the plains leopard frog, at 

each of the nine sites, trends could be correlated with changes in habitat and 

land use. For both species only one site was significantly different from the 

others. Site E had higher American toad abundance while site F had more 

plains leopard frogs. General trends for the two species are difficult to define, 

though the American toad seems less common in the more developed areas, 

while the leopard frog was absent from the wooded areas of Camp Naish, 

favoring the more open agricultural and urban areas. 

Six variables were found to be strongly correlated with American toad 

abundance. However, none of these variables was also related to distance 

from the city center. These variables were also not correlated with any of the 

eight variables found to be correlated with distance from the city center. 

Assuming that distance to the city center is a reliable measure of increased 

urbanization, further discussion of these variables would not be addressing 

the goals of this project. Additionally, no variables were found to explain the 
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higher population abundance of American toads at site E. It would seem that 

this species was too much of a generalist to be significantly affected by the 

habitat or land use variables examined in this study. 

Plains leopard frog abundance was positively correlated with three of 

the variables related to urbanization. They were commercial land use, 

transportation land use and landscape complexity, all at the regional level. 

Interestingly, these correlations are all positive, suggesting that plains leopard 

frog abundance increases with urbanization. This runs counter to the notion 

that urbanization decreases abundance. However, it does reflect the findings 

of Vershinin (1990) that local abundances can increase. These correlations 

may reflect the inability of the annual recruits to disperse into other areas. 

Commercial and transportation (roads and railways) land uses may represent 

barriers to the movements of these species, restricting their ability to move 

great distances upland from the streams. This hypothesis could be tested by 

analyzing genetic differences among populations at different locations 

throughout the city. 

Urbanization Gradients and Amphibian and Reptile Distributions 

Eight variables (wood cover at the trap line level; bare soil and water 

cover at the site level, and; commercial, high density residential, institutional 

and recreational land uses and landscape complexity at the regional level) 

were correlated with the distance from the city center (Table 21), and hence 

with urbanization. Six of these were significantly correlated with the 

community and/ or population indices. 

Two community indices (richness and composition) were used for 

amphibians and reptiles. High density residential land use and institutional 

land use both predicted community structure, especially with regard to reptile 

species richness. This suggests that urbanization does influence community 
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structure of reptiles. In this instance, increased human densities and all of 

their support systems, represented by high density residential land use, may 

lead to decreases species richness. 

These results suggest that some, but not all, measures of urbanization 

influence amphibian and reptile distributions. While high density 

residential land use was negatively correlated with richness, commercial land 

use was associated with increases in local population densities. Therefore it is 

not sufficient to select a single measure of urbanization to determine if a 

wildlife population or community will be impacted. Important 

considerations are the type of urban development and the proportion of land 

it occupies. Additionally, it is important to be aware that different land uses 

may have varying influences depending on the species in question. There 

may also be land use associations, not detected in this study, that affect the 

distributions of amphibians and reptiles in urban areas. 

The distance to the city center seems to play an important role in 

predicting amphibian and reptile distributions. By evaluating different 

habitats and land uses along an urban gradient, we were able to determine 

which of these variables were associated with increasing urbanization. This 

allowed us to determine that some of these variables were related to the 

changes noted in the amphibian and reptile communities. 

Conclusions 

While habitat variables were not good indicators of the distributions of 

amphibians and reptiles in urban areas, certain land uses were found to be 

correlated with changes in species richness and composition and population 

abundance. Based on these findings it will be important to maintain large, 

undeveloped areas if species diversity is to be maintained. Otherwise, there is 

a risk that specialist, and often rare, species will be lost. Additionally, the 
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placement of high-density residential land near riparian zones, especially 

those in which rare or threatened species are known to inhabit, will likely 

result in the loss of these species. These areas should be buffered, perhaps by 

agricultural land uses, as these did not seem to have the same negative effects 

as the more urban land uses. 

Commercial land use and others that were positively correlated with 

the abundance of Plains leopard frogs, should not be taken as safe or positive 

forms of urban land use. Should it be determined that these increases are 

related to isolation of populations, as these results may be interpreted, then 

such land uses may need to be modified to provide greater mobility for 

species that migrate or move extensively upland from the streams. Such 

modifications may include corridors connecting similar habitats and tunnels 

under roads to provide amphibians, reptiles and other animals safe crossing 

points. 
• Further investigation should include determining what characteristics 

of different land uses are causing the apparent relationships between land use 

and species distribution to exist. This may include some of the habitat 

variables used in this study, including paved surface and cut grass cover. 

Both of these are expected to be related to urbanization. This study failed to 

demonstrate this relationship, perhaps because the scale used was too small. 

Other potentially important characteristics may be building and road density, 

road traffic, population density and resident demographics. 
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Figure 1. Eight counties of Kansas City Metropolitan Region (Van Doren et al, 

1975). 
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Figure 2. Map of nine Wyandotte County sites. 
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Figure 3. Lay-out of trap lines. (a) is a birds-eye view showing trap placement 

on either side of the drift fence, the arrows indicating wildlife 

movement into the traps. (b) is a side view of the trap line. The dotted 

line portion is underground. 
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Figure 4. Lay-out of three site variable measurement levels. 
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Figure 5. Cluster analysis diagram showing site groupings based on 

amphibian species composition. Sites A - F form one group (Non

Kansas city sites) and Sites G- I form a second group (Kansas City sites). 

These two groups are shown to be 34% similar in compositon. 
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Figure 6. Map of nine Wyandotte County sites as grouped according to 

amphibian species composition similarities. 
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Figure 7. Cluster analysis diagram showing site groupings based on reptile 

species composition. Sites A and B have been groups as the Camp 

Naish sites, Site His its own "group" (Schlagle) and the remaining sites 

have been lumped together as the Mixed Group. Camp Naish sites are 

13% similar to the Mixed sites. Site H is only 7% similar to the others. 
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Figure 8. Map of nine Wyandotte County sites as grouped according to reptile 

species composition similarities. 
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Table 1. Definitions of land use variables used at the regional level. 

Variable Description 

Agricultural Land used for row crops and grazing cattle 

Commercial 

High-density residential 

Low-density residential 

Industrial 

Institutional 

Commercial businesses 

Multiple family units or single family homes 

on less than one acre of land, includes 

apartments and mobile home communities 

Single family residences on one or more 

acres of land 

Industrial land use, including mining 

operations and warehouses 

Schools, government owned property, 

churches and cemeteries 

Recreational Parks and recreation areas, including Camp 

Naish Boy Scout Reservation 

Road Roads, including railways and interstates 

Landscape complexity The number of discrete land use units, as 

defined above 

Number of land use types The number of different land use types 

Distance to nearest road The distance to the nearest road 
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Table 2. List of 10 amphibian species expected to be present throughout 

Wyandotte County. 

Common Name 

Blanchard's cricket frog 

American toad 

Woodhouse's toad 

Scientific Name 

Acris crepitans 

Bufo americanus 

Bufo woodhousei 

Great Plains narrowmouth toad Gastrophryne olivacea 

Western chorus frog 

Plains leopard frog 

Bullfrog 

Plains spadefoot 

Small-mouthed salamander 

Eastern tiger salamander 

Pseudacris triseriata 

Ranablairi 

Rana catesbeiana 

~ bombifrons 

Ambystoma texanum 

Ambystoma tigrinum 

Abbr. 

CRFR 

AMTO 

WOTD 

WCHF 

PLLF 

BLFR 

PLSF 

Abbreviations have been assigned to those species actually trapped during the 

study period. 
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Table 3. List of reptile species expected to be present throughout Wyandotte Cty. 

Common Name 

American snapping turtle 

Ornate box turtle 

Three-toed box turtle 

Five-lined skink 

Ground skink 

Six-lined racerunner 

Western slender glass lizard 

Western worm snake 

Ringneck snake 

Eastern hognose snake 

Racer 

Great Plains rat snake 

Black rat snake 

Common kingsnake 

Milk snake 

Gopher snake 

Northern water snake 

Brown snake 

Common garter snake 

Lined snake 

Western earth snake 

Copperhead 

Timber rattlesnake 

Scientific Name 

Chelydra serpentina 

Terrapene ornata 

Terrapene carolina 

Eumeces fasciatus 

Scincella lateralis 

Cnemidophorus sexlineatus 

Ophisaurus attenuatus 

Carphophis vermis 

Diadophus punctatus 

Heterodon platyrhinos 

Coluber constrictor 

Elaphe guttata 

Elaphe obsoleta 

Lampropeltis getula 

Lampropeltis triangulum 

Pituophis catenifer 

Nerodia sipedon 

Storeria dekayi 

Thamnophis sirtalis 

Tropidoclonion linea tum 

Virginia valeriae 

Agkistrodon contortrix 

Crotalus horrid us 

Abbr. 

AMST 

ORBT 

TTBT 

FLSK 

GRSK 

WWSN 

EHNS 

YBRC 

GPRS 

BRSN 

RSGS 

WESN 

COHO 

Abbreviations have been assigned to those species actually trapped during 

the study period. GRSK was added during study. 
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Table 4. Total amphibian species detected at each site in 1994 and 1995. 

Totals include species visually observed, hand caught or trapped. 

Species Site 

A B C* D E F* G H I 

CAUDATA (Salamanders) 

(no captures) 

ANURA (Frogs and Toads) 

American toad X X X X X X X X X 

Woodhouse's toad X X 

Great plains narrowmouth X 

toad 

Plains spadefoot X 

Western chorus frog X X X X X 

Blanchard's cricket frog X X X X X X X X 

Plains leopard frog X X X X X X 

Bull frog X X X X 

Total number of species 4 2 5 5 5 6 5 1 2 

detected 

Amphibian species richness 3 2 3 4 4 6 3 1 2 

Species richness values include only those species trapped during the two study 

periods. 

* These sites were only sampled for one season each, C in 1994 and F in 1995. 
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Table 5. Total reptile species detected at each site in 1994 and 1995. Totals 

include species visually observed, hand caught or trapped. 

LACERTILIA (Lizards) 

Five-lined skink X X X X X X 

Ground skink X 

SERPENTES (Snakes) 

Red-sided garter snake X X X X X X X 

Ringneck snake X X 

Black rat snake X X X X X X X X 

Northern water snake X X X X X 

Texas brown snake X X X X 

Great plains rat snake X X X X 

Western worm snake X X 

Western earth snake X 

Eastern hognose snake X 

Osage copperhead X X X 

Yellow-bellied racer X X X X X 

TESTIJDINES (Turtles) 

American snapping turtle X X X 

Common musk turtle X 

Ornate box turtle X X X X X X 

Three-toed box turtle X X X X 

Total number of species 12 11 8 10 7 3 5 1 6 

detected 

Reptile species richness 7 5 6 4 3 2 5 1 5 

Species richness values include only species trapped during the two study periods. 

* These sites were only sampled for one season each, C in 1994 and F in 1995. 
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Table 6. Amphibian species trapped in 1994 and 1995, arranged by study groups. 

Species Non-KC Sites KCSites 

A B C* D E F* G H I 

American toad X X X X X X X X X 

Plains leopard frog X X X X X 

Bull frog X X 

Blanchard's cricket frog X X X X X X 

Western chorus frog X X X X 

Woodhouse's toad X 

Plains spadefoot X 

* These sites were only sampled for one season each, C in 1994 and F in 1995. 
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Table 7. Reptile species trapped in 1994 and 1995 arranged by study groups. 

Species C. Naish Mixed Group Schl. 

A B C* D E F* G I H 

Five-lined skink X X X X 

Ground skink X 

Red-sided garter snake X X X X X 

Black rat snake X X X X 

Great plains rat snake X X X X 

Western worm snake X X 

Western earth snake X 

Eastern hognose snake X 

Osage copperhead X 

Yellow-bellied racer X X X X 

Am. snapping turtle X X X 

Three-toed box turtle X X X 

Ornate box turtle X X X X X 

* These sites were only sampled for one season each, C in 1994 and F in 1995. 
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Table 8. Population abundance values (based on 

total capture) for the American toad (AMIO) and 

Plains leopard frog (PLLF) at each of the nine 

Wyandotte County sites ('94 and '95 combined). 

Site AMTO* PLLF* 

A 4.0±1.0a O.Oa 

B 3.5±2.5a O.Oa 

c 1.0 ±O.Oa O.Oa 

D 3.5±0.5a 1.0 ±l.Oa 

E 29.0 ±lO.Ob 2.5±0.5a 

F 1.5 ±O.Sa 22.0±5.0b 

G 1.0 ±l.Oa 2.5 ±1.5a 

H 0.5 ±O.Sa O.Oa 

I 4.0±3.0a 3.0±0.0a 

* Analysis of variance significant at p ,;;; 0.05. 

Different letters indicate significant differences 

in population abundance within same column. 
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Table 9. Mean(± standard error) values for trap line habitat variables. Each trap line was measured 

independently and the mean of the two lines for each site is given. 

Variable Site -
A B c D E F G H I 

% Ground Cover 

Leaf litter 15.0 10.0 17.5 2.5 15.0 0.0 10.0 2.5 0.0 

± 0.0 ±5.0 ±7.5 ±2.5 ±10.0 ±10.0 ±2.5 

Wood litter 0.0 2.5 2.5 0.0 2.5 2.5 2.5 5.0 0.0 

±2.5 ±2.5 ±2.5 ±2.5 ±2.5 ± 0.0 

t Field grass 15.0 10.0 5.0 42.5 10.0 55.0 22.5 22.5 42.5 
±5.0 ±5.0 ±5.0 ±7.5 ±10.0 ±5.0 ±2.5 ±7.5 ± 12.5 

Herbaceous 30.0 40.0 30.0 17.5 47.5 20.0 50.0 22.5 25.0 

±10.0 ±5.0 ±0.0 ±7.5 ±2.5 ±5.0 ± 5.0 ±7.5 ±5.0 

Shrub 2.5 2.5 0.0 5.0 0.0 5.0 2.5 2.5 0.0 

±2.5 ±2.5 ±5.0 ±5.0 ±2.5 ±2.5 

Tree 0.0 0.0 0.0 0.0 0.0 2.5 0.0 0.0 0.0 

±2.5 



Water 7.5 15.0 10.0 15.0 7.5 10.0 5.0 2 12.5 

±2.5 ±5.0 ±0.0 ±5.0 ±2.5 ±5.0 ± 0.0 ±2.5 ±7.5 

Bare soil 27.5 15.0 35.0 5.0 15.0 0.0 7.5 12.5 17.5 

±12.5 ± 5.0 ±15.0 ± 5.0 ±5.0 ±2.5 ±7.5 ± 12.5 

Rock 2.5 5.0 0.0 5.0 2.5 0.0 0.0 10.0 0.0 

±2.5 ±5.0 ±5.0 ±2.5 ±0.0 

% Canopy cover 82.5 87.5 82.5 45.0 82.5 425 82.5 67.5 57.5 

± 12.5 ±7.5 ± 2.5 ± 5.0 ±2.5 ±2.5 ±2.5 ±12.5 ±12.5 

"'" '-" % Rock stream 78 39 11 78 28 0 17 39 -
substrate ±22 ±39 ±11 ±11 ±6 ±17 ±6 

%Sand stream 22 61 89 22 72 - 100 83 61 

substrate ±22 ±39 ±11 ±11 ±6 ±0 ±17 ±6 

Distance to stream * 371 ab 336ab 278ab 112a 443b - 298 ab 423b 128 a 

(em) ±39 ±58 ±50 ±16 ±94 ±77 ±65 ±17 

Elevation above stream 131 103 83 178 138 - 93 147 136 

{em) ±16 ±9 ±11 ±46 ±3 ±7 ±21 ±17 

* Analysis of variance significant at p :s: 0.05. Different letters indicate significant differences. 



Table 10. Mean (± standard error) values for site habitat variables. These are based on four 100 m transects taken 

at each site. Each transect produces 20 points and the mean of these is given below. 

Variable Site 

A B C* D E F G H I 

% Ground Cover 

Leaf litter ** 28.8a 25.0 ab - 10.0 abc 16.3 abc 1.3 be 0.0 c 2.5 abc 13.8 abc 
± 10.7 ±2.0 ±6.1 ±3.2 ±1.3 ±2.5 ±5.5 

Wood litter 2.5 5.0 - 0.0 3.8 0.0 0.0 7.5 0.0 

±2.5 ±2.0 ± 1.3 ±4.8 

~ 
Field grass ** 7.5 a 3.8 a - 8.8 a 2.5a 11.3a 47.5b 3.8 a 2.5a 

±4.8 ± 1.3 ±3.8 ±2.5 ±5.2 ± 17.6 ±2.4 ±2.5 

Cut grass 0.0 0.0 - 47.5 0.0 36.3 21.3 32.5 11.3 
±14.9 ±22.1 ±21.3 ±18.8 ± 8.3 

Herbaceous ** 32.5 ab 45.0 ab - 20.0 ab 52.5 a 11.3 b 20.0 ab 21.3 ab 46.3 ab 
±3.2 ± 6.1 ±9.1 ±3.2 ±5.2 ±8.9 ±8.5 ±9.7 

Shrub 3.8 8.8 - 3.8 5.0 2.5 3.8 5.0 8.8 

± 1.3 ± 1.3 ± 1.3 ±2.0 ±2.5 ±3.8 ±2.0 ±2.4 



Tree 1.3 0.0 - 0.0 2.5 0.0 0.0 0.0 0.0 

± 1.3 ±0.7 

Crop plant 0.0 0.0 - 0.0 0.0 0.0 26.3 0.0 0.0 

±15.2 

Water 13.8 3.8 - 3.8 6.3 5.0 0.0 1.3 2.5 

±5.5 ±2.4 ± 1.3 ±4.7 ±2.0 ± 1.3 ±1.4 

Bare soil 6.3 2.5 - 2.5 6.3 2.5 7.5 11.3 10.0 

±3.2 ±1.4 ±2.5 ± 0.8 ±2.5 ±6.0 ±4.3 ±4.6 

t!'J 
Rock 1.25 5.0 - 2.5 5.0 0.0 0.0 1.3 5.0 

± 1.25 ±2.0 ±2.5 ±0.0 ± 1.3 ±v2.0 

Paved 2.5 0.0 - 0.0 0.0 0.0 0.0 12.5 0.0 

±2.5 ±8.3 

% Canopy cover ** 71.3 ab 77.5b - 41.3 ab 78.8b 23.8 a 28.8 a 47.5 ab 58.8 ab 

±3.8 ±4.8 ±8.3 ±3.2 ±5.2 ±11.3 ±15.1 ±16.0 

* Data was not obtained for this site at the site level. 

** Analysis of variance significant at p ~ 0.05. Different letters indicate significant differences. 



Table 11. Percent area of land uses and landscape complexity indices within a 1000 m radius at each site. 

Variable Site -
A B c D E F G H I 

%Land use 

Agricultural 8.6 14.6 15.3 46.8 49.0 28.0 50.6 0.0 0.0 

Commercial 0.0 0.0 0.0 0.0 0.0 14.6 2.9 8.6 13.7 

High density residential 0.0 0.0 0.0 0.0 15.0 30.9 6.4 79.6 52.5 

Low density residential 4.8 13.1 24.5 49.4 35.0 0.0 32.5 0.0 10.2 

Industrial 42.7 6.7 0.0 0.0 
>!>-

0.0 13.4 0.0 0.0 1.0 
OJ 

Institutional 0.0 0.0 0.0 0.0 1.0 0.3 0.0 11.8 4.5 

Recreational 43.9 65.6 60.2 4.1 0.0 2.5 0.0 0.0 0.1 

Water 0.0 0.0 0.0 0.0 0.0 5.1 0.0 0.0 0.0 

Transportation 0.0 0.0 0.0 0.0 0.0 5.4 7.6 0.0 6.4 

Distance to nearest road (m) 32 256 384 256 128 320 112 160 736 

Landscape complexity 6 5 5 8 13 24 13 25 27 

Number of land use types 4 4 3 3 4 8 5 3 8 



Table 12. Distance (km) from study site to 

city center. 

Site Distance 

A 21.8 

B 21.1 

c 20.3 

D 20.3 

E 17.5 

F 18.0 

G 15.4 

H 9.3 

I 8.4 
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Table 13. Spearman's correlation coefficients for 

habitat and land use variables vs. distance from city 

center. 

Variable 

Trap Line 

% Leaf litter 

% Wood litter* 

% Field grass 

% Herbaceous 

%Shrub 

%Tree 

%Water 

% Bare soil 

%Rock 

% Canopy Cover 

Site Level 

% Leaf litter 

% Wood litter 

% Field grass 

% Cutgrass 

% Herbaceous 

% Shrub 

%Tree 

% Cropplant 

% Water* 

% Bare soil* 

%Rock 

0.41 

-0.64 

-0.39 

0.03 

-0.06 

-0.28 

0.00 

0.55 

0.10 

0.15 

0.55 

0.11 

0.29 

-0.24 

-0.13 

-0.32 

0.31 

0.08 

0.68 

-0.76 

-0.02 
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Table 13 continued 

% Paved 

% Canopy cover 

Regional Level 

% Agricultural 

% Commercial * 

0.03 

0.21 

-0.05 

-0.70 

% High-density residential * -0.87 

% Low-density residential 0.12 

% Industrial 0.44 

% Institutional* 

% Recreational * 

%Road 

-0.77 

0.82 

-0.58 

Distance to nearest road (m) -0.24 

Landscape complexity * -0.87 

Number of land use types -0.31 

* r 2: I 0.64 I with distance from city center. 
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Table 14. Spearman's correlation coefficients for amphibian and reptile 

species richness vs. trap line level habitat variables. 

Variable Amphibians Reptiles 

Leaf litter 0.85 * -0.12 

Wood litter -0.19 0.39 

Grass cover -0.64 * 0.06 

Herbaceous cover -0.39 -0.25 

Shrub -0.28 0.13 

Tree 0.00 0.14 

Water 0.06 0.17 

Bare soil 0.19 0.40 

Rock -0.16 0.22 

Canopy cover -0.38 -0.17 

Rock Substrate 0.18 0.13 

Sand Substrate -0.18 -0.13 

Distance to stream -0.12 -0.29 

Elevation above stream 0.78 -0.16 

* r 2: I 0.641 with trap line level habitat variables. 
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Table 15. Spearman's correlation coefficients for amphibian and 

reptile species richness vs. site level habitat variables. 

Variable Amphibians Reptiles 

Leaf litter -0.18 0.51 

Wood litter -0.55 -0.23 

Grass cover 0.42 0.05 

Cut or grazed grass 0.29 0.55 

Herbaceous cover -0.38 0.27 

Shrub 0.15 -0.72 * 

Tree 0.29 0.18 

Crop 0.59 -0.42 

Water 0.54 0.15 

Bare soil -0.65 * -0.06 

Rock -0.28 0.16 

Paved surface -0.50 -0.11 

Canopy cover -0.30 -0.29 

* r ;;, I 0.641 with site level habitat variables. 
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Table 16. Spearman's correlation coefficients for amphibian and reptile 

species richness vs. regional levelland use variables. 

Variable Amphibians Reptiles 

Agricultural 0.68 * -0.10 

Commercial -0.08 -0.48 

High-density residential -0.23 -0.68 * 

Low-density residential 0.34 0.18 

Industrial 0.05 0.30 

Institutional -0.27 -0.67 * 

Recreational -0.01 0.59 

Road 0.06 -0.01 

Landscape complexity -0.11 -0.61 

Number of land use types 0.17 0.02 

Distance to nearest road -0.05 -0.07 

* r ;;;, I 0.641 with regional level habitat variables. 
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Table 17. Means (± standard error) of habitat and land use variables for 

each group based on amphibian species composition similarities. 

Variable Non-KC Group KCGroup 

n= 6* n=3 

Trap Line 

Leaf litter 10 (± 2.8) 4.2 (±3.9) 

Wood litter 1.3 (± 0.6) 3.3 (± 0.8) 

Field grass 20.8 (± 7.2) 33.3 (± 10.2) 

Herbaceous 31.7 (± 5.2) 30.8 (± 7.3) 

Shrub 1.7 (± 0.8) 3.3 (± 1.1) 

Tree 0.0 (± 0.3) 0.8 (± 0.5) 

Water 11.3 (± 2.3) 12.5 (± 3.3) 

Bare soil 19.2 (± 3.9) 6.7 (± 5.5) 

Rock 2.5 (± 1.5) 3.3 (± 2.1) 

% Canopy Cover 59.2 (± 12.4) 64.2 (± 17.5) 

Rock Substrate 46.7 (± 12.1) 18.3 (± 15.7) 

Sand Substrate 53.3 (± 12.1) 81.7 (± 15.7) 

Distance from stream 307.4 (± 59 .4) 282.7 (76.7) 

Elevation above stream 145.2 (± 14.0) 126.0 (± 18.1) 

Site Level 

Leaf litter 16.3 (± 4.5) 5.4 (± 5.8) 

Wood litter 2.3 (± 1.4) 2.5 (± 1.8) 

Field grass 6.8 (± 6.8) 17.9 (± 8.7) 

Cut grass 16.8 (± 8.9) 21:7 (± 11.5) 

Herbaceous 32.3 (± 7.3) 29.2 (± 9.4) 

Shrub 4.8 (± 1.1) 5.8 (± 1.4) 

Tree 0.8 (± 0.4) 0.0 (± 0.5) 
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Table 17 continued 

Crop plant 5.3 (±4.3) 0.0 (±5.5) 

Water** 6.5 (± 1.6) 1.3 (± 2.0) 

Bare soil ** 4.0 (± 0.9) 9.6 (± 1.2) 

Rock 2.8 (± 1.1) 2.1 (± 1.4) 

Paved 0.5 (± 1.9) 4.2 (± 2.5) 

% Canopy cover 58.5 (± 9.8) 45.9 (± 12.7) 

Regional Level 

Agricultural 27.1 (± 8.4) 20.5 (± 11.8) 

Commercial 2.4 (±2.4) 8.4 (± 3.4) 

High-density residential 7.7 (± 9.2) 46.2 (± 13.0) 

Low-density residential 21.1 (± 7.5) 142 (± 10.5) 

Industrial 10.5 (± 5.8) 0.3 (± 8.1)) 

Institutional 0.2 (± 1.3) 5.4 (± 1.9) 

Recreational 29.4 (± 10.6) 0.0 (± 15.0) 

Road 0.9 (1.2) 4.7 (± 1.7) 

Distance to nearest road (m) 229.3 (± 87.8) 336.0 (± 124.2) 

Landscape complexity * * 10.2 (± 3.1) 21.7 (± 4.3) 

Number of land use types 4.3 (± 0.9) 5.3 (± 1.2) 

* n=S for Site variables 

* * Indicates variables that are significantly different (p ,;; 0.05) between 

the two .groups, as determined by a Mann-Whitney u test. 
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Table 18. Means (±standard error) of habitat and land use variables for the 

two groups compared for reptile species composition. Schlagle was 

dropped from this analysis. 

Variable Camp Naish Mixed Group 

n=2 n=6* 

Trap Line 

Leaf litter 12.5 (± 5.2) 6.3 (± 3.0) 

Wood litter 1.3 (± 1.3) 2.1 (± 0.8) 

Field grass 12.5 (± 13.0) 29.6 (± 7.5) 

Herbaceous 35.0 (± 7.3) 27.1 (± 4.2) 

Shrub 2.5 (± 1.6) 2.1 (± 0.9) 

Tree 0.0 (± 0.66) 0.4 (± 0.4) 

Water 11.25 (± 3.8) 12.9 (±2.2) 

Bare soil 21.3 (± 8.2) 14.2 (±4.8) 

Rock 3.75 (±2.6) 2.9 (± 1.5) 

% Canopy Cover 85 (± 18.3) 49.2 (± 10.6) 

Rock Substrate 58.5 (± 21.0) 31.0 (± 13.3) 

Sand Substrate 41.5 (± 21.0) 69.0 (± 13.3) 

Distance to stream 352.5 (± 86.4) 251 (±54.7) 

Elevation above stream * * 117.0 (± 14.7) 155.4 (± 9.3) 

Site Level 

Leaf litter * * 26.9 (± 4.7) 8.3 (± 3.0) 

Wood litter 3.8 (± 1.2) 0.8 (± 0.8) 

Field grass 5.6 (± 12.0) 14.5 (± 7.6) 

Cut grass 0.0 (± 12.0) 23.3 (± 7.6) 

Herbaceous 38.8 (± 11.8) 30.0 (± 7.5) 

Shrub 6.3 (± 1.9) 4.8 (± 1.2) 
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Table 18 continued 

Tree 0.6 (± 0.8) 0.5 (± 0.5) 

Crop plant 0.0 (± 7.2) 5.3 (±4.7) 

Water 8.8 (± 2.7) 3.5 (± 1.7) 

Bare soil 4.4 (± 2.2) 5.8 (± 1.4) 

Rock 3.1 (± 1.8) 2.5 (± 1.3) 

Paved 1.3 (± 0.6) 0.0 (± 0.4) 

% Canopy cover 74.4 (± 14.4) 46.3 (± 9.1) 

Regional Level 

Agricultural 11.6 (± 11.6) 33.4 (± 6.7) 

Commercial 0.0 (± 4.5) 5.2 (± 2.6) 

High-density residential 0.0 (± 13.4) 17.5 (±7.7) 

Low-density residential 9.0 (± 11.7) 25.3 (± 6.7) 

Industrial 24.7 (± 8.1) 2.4 (±4.7) 

Institutional 0.0 (± 1.2) 1.0 (± 0.7) 

Recreational 54.8 (± 16.2) 11.2 (± 9.3) 

Road 0.0 (± 2.3) 3.2 (± 1.4) 

Distance to nearest road (m) 144.0 (± 154.5) 322.7 (± 89.2) 

Landscape complexity 5.5 (± 5.7) 15 (± 3.3) 

Number of land use types 4.0 (± 1.5) 5.2 (± 0.9) 

* n=5 for Wood litter and Bare soil (100m) 

** Indicates variables that are significantly different (p,;;; 0.05) between 

the two groups, as determined by a Mann-Whitney u test. 
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Table 19. Spearman's correlation coefficients for American toad 

and Plains leopard frog abundances vs. trap line habitat variables. 

Variable AMTO PLLF 

Leaf litter 0.24 -0.69 * 

Wood litter -0.08 0.06 

Grass cover -0.28 0.55 

Herbaceous cover -0.00 -0.48 

Shrub -0.14 -0.11 

Tree -0.35 -0.22 

Water 0.18 0.40 

Bare soil 0.23 -0.25 

Rock 0.69 * 0.07 

Canopy cover 0.44 -0.28 

Rock Substrate -0.15 0.58 

Sand Substrate 0.15 -0.58 

Distance to stream 0.18 -0.27 

Elevation above stream 0.52 0.76 

* r;;,; I 0.641 with trap line level habitat variables. 
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Table 20. Spearman's correlation coefficients for American toad 

and Plains leopard frog abundances vs. site level habitat variables. 

Variable AMTO PLLF 

Leaf litter 0.78 * -0.50 

Wood litter -0.02 -0.73 * 

Grass cover -0.55 0.12 

Cut or grazed grass -0.64 * 0.31 

Herbaceous cover 0.70 -0.18 

Shrub 0.24 -0.27 

Tree 0.77 * -0.14 

Crop -0.25 0.60 

Water 0.73 * -0.05 

Bare soil -0.21 -0.06 

Rock 0.63 -0.16 

Paved surface -0.22 -0.64 * 

Canopy cover 0.72 -0.44 

* r ;, I 0.641 with site level habitat variables. 
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Table 21. Spearman's correlation coefficients for American toad and 

Plains leopard frog abundances vs. regional levelland use variables. 

Variable AMTO PLLF 

Agricultural 0.08 0.50 

Commercial -0.36 0.64 * 

High-density residential -0.21 0.50 

Low-density residential 0.27 0.03 

Industrial 0.39 0.08 

Institutional -0.02 0.34 

Recreational 0.11 -0.48 

Road -0.16 0.74 * 

Landscape complexity -0.08 0.64 * 

Number of land use types 0.29 0.77 * 

Distance to nearest road -0.16 0.29 

* r ;;,; I 0.641 with regional level habitat variables. 
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APPENDIX A 

The 1994 and 1995 trapping seasons were broken into 12 trapping 

sessions based on opening and closing dates of traps. Nine of these were in 

1994 and three in 1995. Table A-1 shows the opening and closing dates 

(trapping period) of each numbered trapping session. Table A-2 gives the 

number of days each trap line was open. This table also includes the number 

of days in which there is water in the stream in front of the trap line, as a 

subset of the number of days open. Not all trap lines were open for each of 

the trap sessions, and in many cases a trap line was opened in the middle of a 

trap session. In 1994, most of the sites were run for several weeks with only 

one trap line opened, while in 1995 all trap lines were open at the same time. 

Data collected during the first five sessions of 1994 were not used in the 

analyses for this research. The presence of water at the sites was not recorded 

during trap session seven (7) or during the any of the 1995 trapping sessions. 

Site F was not open in 1994 and site C was not open in 1995. 

The start of the 1995 session was delayed by flash flooding in late May 

that washed out most of the sites, destroying some of the trapping equipment. 

This occurred again on 20 July, and the trapping session was terminated. No 

data was recorded for 20 July. 
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Table A-1. Opening and closing dates of each trapping 

session. 

Session Trapping period 

Opened Oosed 

1994 

1 13May 15May 

2 21May 30May 

3 2June 5 June 

4 13 June 18 June 

5 20 June 9July 

6 llJuly 23 July 

7 31 July 12 August 

8 3 September 5 September 

9 20 September 25 September 

1995 

10 13 June 29 June 

11 5July 9 July 

12 16 July 20 July 
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Table A-2. Number of days each trap line was open during each trapping session (and the 

number of trapping days with water present at each trap line for the 1994 season.) Stream water 

data was not recorded for sessions 7, and 10 - 12. 

Session Site / Trap line 

A B c D 

1 2 3* 1 2 1 2 1 2 

1 2 (2) 0 - 2 (2) 0 1 (1) 0 0 0 

2 9 (9) 0 - 9 (9) 0 9 (9) 0 3 (3) 0 

"' 
3 3 (3) 0 - 3 (3) 0 3 (3) 0 3 (3) 0 

ao 
4 5 (5) 0 - 5 (5) 1 (1) 5 (0) 0 5 (5) 0 

5 19 (19) 16 (5) - 19 (1) 19 (19) 19 (0) 16 (11) 19 (19) 11 (11) 

6 12 (12) 12 (O) - 12 (3) 12 (11) 12 (0) 12 (0) 12 (7) 12 (11) 

7 12 12 - 12 12 12 12 12 12 

8 2 (O) 2 (O) - 2 (0) 2 (O) 2 (O) 2 (O) 2 (2) 2 (2) 

9 5 (0) 5 (0) - 5 (4) 5 (4) 5 (O) 5 (O) 5 (4) 5 (4) 

10 - 16 16 16 16 - - 16 16 

11 - 4 4 4 4 - - 4 4 

12 - 3 3 3 3 - - 3 3 



Table A-2 continued 

Session Site I Trap line 
--------

E F G H I 

1 2 3 * 1 2 1 2 1 2 1 2 

1 0 0 - - - 0 0 0 0 0 0 

2 0 0 - - - 0 0 9 (9) 0 0 0 

3 0 0 - - - 3 (3) 0 3 (3) 0 0 0 

4 3 (3) 0 - - - 5 (5) 0 5 (5) 0 0 0 

0'> 
5 19 (19) 8 (8) - - - 19 (19) 8 (8) 19 (19) 8 (8) 0 1 (1) 

\0 

6 12 (12) 12 (12) - - - 12 (12) 12 (12) 12 (12) 12 (12) 12 (12) 12 (12) 

7 12 12 - - - 12 12 12 12 12 12 

8 2 (2) 2 (2) - - - 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 2 (2) 

9 5 (5) 5 (5) - - - 5 (5) 5 (5) 5 (5) 5 (5) 5 (5) 5 (5) 

10 - 16 16 16 16 16 16 16 16 16 16 

11 - 4 4 4 4 4 4 4 4 4 4 

12 - 3 3 3 3 3 3 3 3 3 3 

* Third trap lines were created at these sites due to circumstances preventing the original line one (1) from being 

reused. 



APPENDIXB 

Table B-1 

Legal descriptions of locations of nine sites in Wyandotte County, Kansas, and 

the associated creek systems. 

Site Township-Range-Section 

A SW 1/4 ofSE 1/4 ofNW 1/4 

B 

c 

D 

E 

F 

G 

H 

I 

of TllS, R23E, S21 

SW 1/4 ofNE 1/4 ofNE 1/4 

of Tl1S, R23E, S21 

NE 1/4 ofNE 1/4 of SW 1/4 

of Tl1S, R23E, S22 

SE 1/4 of SW 1/4 ofNW 1/4 

of TllS, R23E, S15 

NE 1/4 ofSW 1/4 of SW 1/4 

of T11S, R23E, S24 

NE 1/4ofSW1/4ofNE 1/4 

ofT11S,R23E,S36 

SW 1/4 of NW 1/4 of SE 1/4 

of TllS, R24E, S19 

SW1/4ofSE 1/4 ofSE 1/4 

ofTlOS,R24E,S34 

SW1/4ofNW1/4ofNE 1/4 

of Tl1S, R24E, Sll 

70 

Creek name 

West Mission Creek 

(West Branch) 

West Mission Creek 

(East Branch) 

East Mission Creek 

East Mission Creek 

Betts Creek 

Betts Creek 

Little Turkey Creek 

(West Branch) 

Brenner Heights Creek 

(East Branch) 

Brenner Heights Creek 

(East Branch) 


