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ABSTRACT 

Snake and lizard populations were studied in Harvey County" in south central Kansas 

from mid-May to mid-July in 1997 and 1998 by live trapping and by capture from under metal 

shelters. The objectives of the study were to assess habitat use by the various species of snakes 

and lizards, to compare present populations with those sampled in earlier studies to detect any 

trends in population numbers, and to assess the effectiveness of metal shelters as a teclmique of 

monitoring snake and lizard populations. The study was done at the Sand Prairie site in western 

Harvey County in ungrazed sand prairie, pastures, and replanted native grass, and at a 

predominantly cultivated site and a predominantly pastured site in the clay loam soils of eastern 

Harvey County. A total of 605 captures of 10 species of snakes and 132 captures of four species 

of lizards were made in the two years. The metal shelters were an inefficient method of 

capturing snakes and lizards in this study, resulting in the capture of only six snakes and one 

lizard in the two years. 

Snakes and lizards were much more abundant and diverse at the Sand Prairie site, 

although a greater decline in numbers had occurred at this site since the last study in 1984-85. 

Plains Garter Snakes, Plains Hognose Snakes, Eastern Hognose Snakes, Kansas Glossy Snakes, 

Bullsnakes, Prairie Racerunners, Prairie Lizards, and Western Slender Glass Lizards were only 

caught at the Sand Prairie site and Yellowbelly Racers were more abundant there. Red-sided 

Garter Snakes and Prairie Kingsnakes were equally abundant at the western and eastern sites. 

The Black Rat Snake was caught for the first time at the Sand Prairie site but was more abundant 

at the eastern sites. The Great Plains Skink was only caught at the eastern sites. At the Sand 
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Prairie site, the garter snakes and the Prairie Kingsnake were caught more commonly in the 

unpastured sand prairie, but the Y ellowbelly Racer was caught more commonly in the pastures 

and replanted native grass. The Prairie Racerunner was caught more commonly in the pastures 

but the Western Slender Glass Lizard was more common in the unpastured sand prairie. At the 

eastern sites the Red-sided Garter Snake and the Yellowbelly Racer were caught more 

commonly in pasture edge and unpastured grass, while Black Rat Snakes were more common in 

pasture edge and creekland. The Great Plains Skink was caught in creekland and on the edges of 

cultivated fields. 

Trapping has been done in western Harvey County in 18 of the last 40 years. 

Utilizing capture rates as indices of population size, the study found no discernible positive or 

negative trends in population numbers of five of the nine species of snakes over the forty years 

from 1959 to 1998. These five species, the two garter snakes, Yellowbelly Racer, Bullsnake, and 

Prairie Kingsnake, have moderate to very high population fluctuation on the study sites from 

year to year or over longer times with multi-year periods of low and high populations but have 

not shown increase or decrease in the long term. Some of these fluctuations can be related to 

prey availability. A sixth species, the Black Rat Snake, has recently invaded the study sites. The 

other three species, the Plains Hognose Snake, Eastern Hognose Snake, and Kansas Glossy 

Snake, have shown a continuing and substantial negative change in numbers over this forty-year 

period. Although the Western Slender Glass Lizard population was good in 1997-1998, the 

Prairie Racerunner and the Prairie Lizard populations seem to be in decline. 
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MONITORING POPULATION TRENDS OF SNAKES AND LIZARDS 

IN HARVEY COUNTY, KANSAS 

INTRODUCTION 

This study of snake and lizard populations in Harvey County in 1997 and 1998 utilized 

drift fence traps and metal shelters and was a continuation of studies done from 1959 to 1963, 

1966 to 1974, and in 1984 and 1985. It had three objectives: 1) to compare present populations 

with those sampled in earlier studies to measure fluctuations and trends in population numbers; 

2) to continue to assess the use of different habitats in Harvey County by snakes and lizards; and 

3) to determine if metal shelters could be used as an efficient technique to capture snakes and 

lizards in these habitats. 

The drift fence traps used to capture snakes and lizards were installed in 100 trap stations 

at three study sites. Each trap station included a low metal drift fence, eight to fifteen feet long, 

to intercept the movement of small animals. Funnel traps were fitted on each end of the drift 

fence. Traps were usually checked twice a' week. (For more information on trapping methods, 

see Platt, 1969.) Fifty trap stations were installed at the Sand Prairie site in the sandhills of 

western Harvey County and 50 trap stations were installed at two sites in clay loam soils east of 

Newton in Harvey County, the Sand Creek site in an area of cultivated land and the Torline site 

in a predominantly pasture area. Snakes and lizards were trapped and studied at these sites from 

May 14 to July 17, 1997, and from May 15, to July 17, 1998. Trapping effort at each site was 
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measured in trap station days. A trap station day is the operation of one trap station with a drift 

fence and two funnel traps for a 24-hour period. 

In addition, 42 shelters made of corrugated galvanized sheets were distributed near trap 

stations at the three sites. The shelters were two feet by four feet and were laid flat on the 

ground. Twenty shelters were placed at the Sand Prairie site, twelve shelters were placed at the 

Sand Creek site, and ten shelters were placed at the Torline site. Twice a week while checking 

the trap stations the shelters were also lifted and any snakes and/or lizards under them were 

captured. 

Snakes that were caught were usually taken to the Bethel College biology laboratory 

where they were measured, weighed, sexed, and examined for reproductive status, parasites, and 

digestive tract contents. They were then marked for individual recognition by clipping subcaudal 

and ventral scales. They were released on the next trap checking day near the station where they 

had been caught. Lizards were usually measured, weighed, sexed, and examined for 

reproductive status in the field and and were released immediately after being marked by 

clipping toes. One Bethel College student was hired as a research assistant each year to help 

with the field work and data collection. 

Snakes caught during this study were: Plains Hognose Snake Heterodori nasicus nasicus, 

Eastern Hognose Snake H. p/atirhinos, Yellowbelly Racer Co/uber constrictor jlaviventris, 

Black Rat Snake Elaphe a. obsoleta, Kansas Glossy Snake Arizona e. elegans, Bullsnake 

Pituophis catenifer sayi, Prairie Kingsnake Lampropeltis c. calligaster, Plains Garter Snake 

Thamnophis radix, Red-sided Garter Snake T. sirta/is parieta/is, and Diamondback Water Snake 

• 
Nerodia" r. rhombifer. The water snake is not discussed in this report as only one was caught. 

Species of lizards caught during this study were: Northern Prairie Lizard Sce/oporus undulatus 
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garmani, Great Plains Skink Eumeces obsoletus, Prairie Racerunner Cnemidophoros sex/ineatus 

viridis, and Western Slender Glass Lizard Ophisauros a. attenuatus. 

The following additional species of vertebrates were caught in traps during this study 

(numbers in parentheses are the numbers caught in two years): Barred Tiger Salamander 

Ambystoma m. mavortium (22), Plains Leopard Frog Rana b/airi (1786), Bullfrog R catesbeiana 

(4), Western Chorus Frog Pseudacris triseriata (1), House Wren Troglodytes aedon (14), 

Southern Short-tailed Shrew Blarina hylophaga (47), Eastern Mole Sea/opus aquaticus (1), 

Plains Pocket Mouse Perognathus jlavescens (8 ), Prairie Vole Microtus ochrogaster (I 0), Deer 

Mouse Peromyscus sp. (170), Western Harvest Mouse Reithrodontomys mega/otis (42), Hispid 

Cotton Rat Sigmodon hispidus (36), and Meadow Jumping Mouse Zapus hudsonius (7). We also 

caught by hand 14 Ornate Box Turtles Terrapene o. omata and one Three-toed Box Turtle T. 

carolina triunguis while checking traps. The turtles were also measured and marked. 

In this report, capture rate is used as an index of population size. Capture rate is 

measured as the number of captures in I 0 trap stations operated for 60 days or in 600 trap station 

days. Capture rates were measured for the entire study period in each year. In addition, capture 

rates were determined for each semi-weekly trapping period, and the mean of these capture rates 

was calculated- for the entire two-year study. The mean capture rate in 1997-98 was then 

compared with the mean capture rate in 1984-85, 1972-73, and 1962-63. The statistical 

significance of differences in these capture rates was determined using the nonparametric Mann

Whitney test (Zar, 1984). Means are listed with one standard error. 

STUDY SITES 

Sand Prairie site. Fifty trap stations were constructed at this site in the Hutchinson 

Dune Tracts, an area of Dillwyn-Tivoli and Carwile-Pratt fine sands and sandy learns, in western 
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Harvey County. This eolian sand is piled in dunes with wet lowlands between the dunes. Very 

few of these lowlands were flooded in 1997, but during 1998 most of the lowlands had some 

surface water for at least part of the mid-May to mid-July study period. Most of the land in the 

Hutchinson Dune Tracts is used for pasture, with few acres being cultivated. 

Thiry-six trap stations were constructed on Sand Prairie Natural History Reservation at 

locations that were the same or very similar to the trap stations used in a similar study in 1984-85 

and were part of the trap stations used from 1966 to 1974. Sand Prairie Reservation is an 80-acre 

tract of native sand prairie (Ei SEi Sec. 36 T22S R3W) managed as a natural area by the 

Biology Department at Bethel College. This tract had been pastured by cattle prior to the fall of 

1965 when it was acquired by Bethel College. The trapping site included approximately 72 acres 

of the reservation. 

Fourteen trap stations were constructed on adjacent land-six on a sandy pasture 

immediately north of Sand Prairie Reservation (approximately 10 acres) and eight in pastured (4 

trap stations) and unpastured (4 trap stations) grassland east of the reservation (approximately 20 

acres). The trap stations were in the same or similar locations to those used in 1984-85. 

However, the fields east of the reservation that had been cultivated earlier had now been 

replanted to native grass. 

Sand Creek site. This study site was in an area with a high proportion of cultivated land, 

less than one mile east of North Newton in the south half of section 4, T23S, R1E. In the square 

mile surrounding this trapping site, 70% of the land was under cultivation (in alfalfa, wheat, or 

milo). Approximately 16% of the land was grassland, either domestic pasture or replanted native 

grass, 4% in wooded creekland, and 4% in farmsteads and barnyards. An interstate highway 
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passes through this section, and approximately 6% of the land is used for the highway and 

adjoining right-of-way. Sand Creek runs along the west side of this site. 

The eastern location at this site (called the Meadowlark location in the 1984-85 report) 

was no longer available since the waterways had been cleared of vegetation that could be used to 

shelter traps. The six trap stations used at the Meadowlark location were relocated to the Eberle 

location and along Sand Creek. The other trap stations were placed in the same locations used in 

1984-85. Thirteen trap stations were placed in three fencerows with tree or shrubby cover 

(Eberle location). These fencerows bordered on wheat fields, milo fields, fallow fields, replanted 

grass, and a horseyard. Three of these trap stations were placed in a fencerow that joined 

creekland at its western end. Soil types were Clime silty clay and Farnum loam. Twelve trap 

stations were constructed in the wooded drainageway of Sand Creek. The tree canopy was at 

least 90% complete over these trap stations and in some parts the undergrowth had become very 

dense with invading tatarian honeysuckle. The soils were alluvial sands and silts. 

Traps at the Eberle location were less than l mile from those along Sand Creek, but there 

were no recaptures of snakes moving between these locations. 

Torline site. This site was in an area with a high proportion of pastured grassland. 

Twenty-five trap stations were constructed on a 40-acre property (traps sampled approximately 

25 acres) eight miles east of North Newton (SY.S'I>NE\4 Sec. 5, T23S, R2E). Passing through 

this site is a tributary of the west branch of Whitewater Creek which is impounded as a large 

pond just south (downstream) of the study site. The study site consisted of unpastured native 

grassland, a small pond, and creekland. A brome grass field mowed for hay was along the 

eastern edge of the study site, and a lightly grazed pasture was along the southern edge. Grazing 

had been stopped in 1990 in the small horse pasture that is part of this study site. Except for 
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three trap stations that had to be relocated because sheltering trees had been cleared, the trap 

stations were in the same locations as in 1984-85. 

Sixty-five percent of section 5 was in native grassland, most of it pastured. In addition, 

25% was cultivated, 4% was in brome grass hay meadow, I% in farmyards, and 5% in wooded 

creekland and pond. 

Twelve trap stations were placed along the sides of the creek drainageway. These were 

on grassy slopes under solitary trees or shrubs or under the canopy of the woodland in the bottom 

of the drainageway. The brome grass hay meadow adjoined.this creekland to the east. The soils 

were primarily alluvial in the creekland. 

Thirteen trap stations were placed in the grassland with scattered trees and shrubs. Five 

of these trap stations were in a row of osage orange trees that formed the boundary with the 

pastured grassland to the south. The soil types were Clime silty clay and Irwin silty clay loam. 

RESULTS 

Capture techniques. The galvanized metal shelters proved to be an inefficient method to 

capture snakes and lizards in this study, although they have been successfully used by other 

investigators. The 42 shelters were checked twice a week for two months in both years. They 

were most successful at the Torline site where a total of one Yellowbelly Racer, one Black Rat 

Snake and the two Red-sided Garter Snakes were captured from under the I 0 shelters. At the 

Sand Creek site with 12 shelters, only one Red-sided Garter Snake and one Great Plains Skink 

were caught. At the Sand Prairie site with 20 shelters, only one Red-sided Garter Snake was 

caught. However, Deer Mice Peromyscus sp. were observed under the shelters at all three sites 

51 times. Possibly with further weathering these shelters might become more effective. 
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The drift fence traps were operated for 12,427 trap station days during this study-6,227 

in 1997 and 6,200 in 1998. This was similar to the trapping effort in the 1984-85 study (12,129 

trap station days in 1984 and 1985). Table 1 shows the trapping effort in various habitats on the 

three study sites in 1997 and 1998. Table 2 lists the numbers of snakes and lizards captured on 

the three study sites in 1997 and 1998. A total of 605 captures of 10 species of snakes and 132 

TABLE 1: Trapping effort measured in trap station days (tsd) in various habitats on the three 
study sites in Harvey County, Kansas, in 1997 and 1998. 

1997 trap 1998 trap Total trap 
Study site/habitat No. of trap stations station days station days station days 

Sand Prairie site 50 3,134 3,100 6,234 
Sand prairie 36 2,264 2,231 4,495 
Pasture 10 618 620 1,238 
Ungrazed grass 4 252 249 501 

Sand Creek site 25 1,568 1,550 3,075 
Creekland 12 756 744 1,500 
Cultivated fields 13 812 806 1.618 

Torline site 25 1,525 1,550 3,118 
Creekland 12 732 744 1,476 
Ungrazed grass 8 488 496 984 
Pasture edge 5 305 310 615 

TOTAL 100 6,227 6,200 12,427 

captures of four species of lizards were made in the 100 trap stations in 1997 and 1998. The 

total numbers of snakes and lizards captured were lower in 1997-98 than in 1984-85 (894 

captures of snakes and 265 captures of lizards in I 984-85). 

Habitat use. One study site with 50 trap stations was located in the sandy soil of western 

Harvey County, and two study sites with a total of 50 trap stations were located on 

predominantly clay loam soils in eastern Harvey County. In addition to the soil difference, the 
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TABLE 2: Total captures of snakes and lizards in the I 00 trap stations on the three study sites 
in Harvey County, Kansas, in I997 and I998. 

Species I997 I998 Both Years 

SNAKES 303 302 605 

Y ellowbelly Racer 132 79 211 
Red-sided Garter Snake 97 I20 2I7 
Plains Garter Snake 13 58 71 
Black Rat Snake I6 I6 32 
Bullsnake 20 I2 32 
Prairie Kingsnake I4 IO 24 
Plains Hognose Snake 6 3 9 
Eastern Hognose Snake 2 4 6 
Kansas Glossy Snake 2 0 ~ 
Diamondback Water Snake I 0 I 

LIZARDS 63 69 132 

Prairie Racerunner 43 46 89 
Great Plains Skink 11 11 22 
Slender Glass Lizard 8 I2 20 
Prairie Lizard I 0 I 

eastern sites were more heavily disturbed by human use and settlement. Table 3 shows the 

average rates of capture of snakes and lizards on the western site and on the two eastern sites in 

I984-85 and in I997-98. Table 4 shows the number of individual snakes and lizards captured on 

these sites and Jolly-Seber population estimates for those sites and species with sufficient data in 

I997 and I998. 

Snakes were much more abundant and diverse on the western sandy site. Capture rates of 

all snakes on the western site were 3.9 times in I984-85 and 2.I times in I997-98 capture rates 

on the eastern sites. Nine species were captured on the western site while only four species were 

captured on the eastern sites during the trapping study (excluding waer snakes). A fifth species, 

10 . 



TABLE 3: Average capture rates of snakes and lizards from mid-May to mid-July in 1984-85 
and 1997-98 on the western sandy study site (Sand Prairie site) and the two eastern clay loam 
study sites (Sand Creek and Torline sites) in Harvey County, Kansas. Capture rates are 
expressed as the number of captures per 600 trap station days and are means of the two 
consecutive years. 

CaEture rates {# Eer 600 tsd} 
Western site Eastern sites 

Species 1984-85 1997-98 1984-85 1997-98 

SNAKES 70.2 39.3 18.1 18.6 

Yellowbelly Racer 33.3 15.3 6.6 4.9 
Plains Garter Snake 19.0 6.8 0 0 
Red-sided Garter Snake 9.8 10.5 6.8 10.2 
Bullsnake 4.2 3.1 0 0 
Prairie King Snake 1.8 1.2 3.2 1.1 
Black Rat Snake 0 0.6 1.4 2.4 
Plains Hognose Snake 1.3 0.9 0 0 
Eastern Hognose Snake 0.3 0.6 0 0 
Kansas Glossy Snake 0.1 0.2 0 0 

LIZARDS 25.8 10.6 0.3 2.1 

Prairie Racerunner 23.7 8.6 0 0 
Prairie Lizard 1.3 0.1 0 0 
Slender Glass Lizard 0.9 1.9 0 0 
Great Plains Skink 0 0 0.3 2.1 

a young Bullsnake, was picked up in the fall of 1997 near the Torline site. Bullsnakes are 

present in both eastern and western Harvey County but are much more abundant in the west. 

Plains Hognose Snakes, Eastern Hognose Snakes, Kansas Glossy Snakes, and Plains Garter 

Snakes are probably present only in the western part of the county, although I have had reports of 

observations of Plains Garter Snakes in the eastern part. The Red-sided Garter Snake and the 

Prairie Kingsnake had similar capture rates in the western site and the eastern sites. The 

Yellowbelly Racer was caught much more commonly on the western site, while the Black Rat 

Snake was more common on the eastern sites. 
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TABLE 4: Numbers of individual snakes and lizards caught in 1997 and 1998 on each ofthe 
three study sites in Harvey County; Kansas. These are minimum estimates for the number of 
each species that used the site during the study period in each year. For those species with 
sufficient recapture data, average Jolly-Seber estimates of population size are included in 
parentheses. SP - Sand Prairie site; SC - Sand Creek site; T - Torline site. 

Number of individuals 
(Jolly-Seber !1011ulation estimate} 

1997 1998 -
S11ecies SP sc T SP sc T 

SNAKES 172 45 56 187 21 62 

Yellowbelly Racer 84 12 14 47 6 16 
(194) {94) (25) 

Red-sided Garter Snake 34 24 33 65 6 35 
(83) (26) {250) (31) 

Plains Garter Snake 13 0 0 52 0 0 
(88) 

Bull snake 19 0 0 9 0 0 
(40) (21) 

Prairie Kingsnake 7 3 4 6 2 2 

Black Rat Snake 5 6 5 2 7 9 

Plains Hognose Snake 5 0 0 3 0 0 

Eastern Hognose Snake 2 0 0 3 0 0 

Kansas Glossy Snake 2 0 0 0 0 0 

LIZARDS 48 8 0 53 7 2 

Prairie Racerunner 39 0 0 41 0 0 
(142) (106) 

Prairie Lizard I 0 0 0 0 0 

Slender Glass Lizard 8 0 0 12 0 0 

Great Plains Skink 0 8 0 0 7 2 
{11) (16) 

The difference in lizard populations in the two parts of the county was even more 

extreme, and lizards were rare in the eastern part. Three species, the Prairie Racerunner, Prairie 
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Lizard, and Western Slender Glass Lizard were only caught at the western site, and the Great 

Plains Skink was only caught at the two eastern sites (although it has rarely been caught at the 

western site in past years). 

The differences in abundance and diversity of snake and lizard populations at these study 

sites are primarily due to three factors: I) the greater disturbance and human settlement in the 

eastern part of the county. Agricultural activities may cause greater mortality and injury of 

snakes and lizards both directly by agricultural activities and indirectly by habitat modification 

and clearing. Other human activities such as traffic on roads may also cause increased injury and 

mortality. Evidence of increased injury in snakes from the eastern part of the county is presented 

in table 5. The difference in injuries in samples ofRed-sided Garter Snakes from eastern and 

TABLE 5: Percentages of snakes in samples of Red-sided Garter Snakes and Yellowbelly 
Racers that had injuries or evidence of past injuries. The samples were those captured on the 
western Sand Prairie site and on the two eastern sites, the Sand Creek and the Torline sites. 

Western site Eastern sites 
Species .N_ % with injuries _N__ % with injuries 

Red-sided Garter Snake 95 2% 92 16% 

Y ellowbelly Racer 133 10% 47 19% 

western Harvey County is statistically significant (chi-square = 10.861, p <.01), but the 

difference in samples ofYellowbelly Racers is not significant (chi-square= 1.13, p= .5-.75). 

2) The abundant frog populations in wet years due to the extensive ponds and marshes in the 

lowlands of the western sandy region in these years. At least five of the nine species of snakes 

eat many frogs when frogs are abundant. 3) the sandy nature of the soil at the western site which 
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facilitates burrowing. Four of the species limited to the western site are burrowers, and all seek 

shelter in burrows. 

The lower numbers of captures of snakes and lizards in 1997-98 was mainly due to the 

lower captures of Yellowbelly Racers, Plains Garter Snakes, and Prairie Racerunners at the 

western Sand Prairie site. There was also a substantial decrease in Prairie Kingsnakes at both 

sites but an increase in Red-sided Garter Snakes, Black Rat Snakes, and Great Plains Skinks at 

the eastern sites. 

Table 6 lists the capture rates of snakes and lizards in the different habitats in which traps 

were located on the western study site and table 7 shows the capture rate of snakes and lizards in 

TABLE 6: Capture rates of snakes and lizards in different habitats in the western sandy study 
area (Sand Prairie site) in 1997 and 1998 in Harvey County, Kansas. Capture rates are expressed 
as number of captures per 600 trap station days. 

Species 

SNAKES 
Yellowbelly Racer 
Red-sided Garter Snake 
Plains Garter Snake 
Bull snake 
Prairie Kingsnake 
Plains Hognose Snake 
Eastern Hognose Snake 
Kansas Glossy Snake 
Black Rat Snake 

LIZARDS 
Prairie Racerunner 
Prairie Lizard 
Slender Glass Lizard 

Unpastured 
sand prairie 

11.6 
12.9 
8.7 
2.9 
1.7 
0.4 
0.4 
0.3 
0.4 

6.8 
0 
2.3 

Capture rates (# per 600 tsd) 
Pastures 

24.3 
5.3 
2.4 
3.9 
0 
2.9 
1.0 
0 
0.5 

14 

17.5 
0.5 
1.0 

planted 
native grass 

25.1 
2.4 
0 
1.2 
0 
0 
0 
0 
1.2 

2.4 
0 
1.2 



habitats on the eastern study sites. The Y ellowbelly Racer was caught in all habitats sampled but 

had the highest capture rates in the pasture and unpastured grass planting on the western site and 

in the traps along the pasture edge at the Torline site. The lowest capture rates were in creeldand 

at the Sand Creek and Torline sites. This differs from the results of the 1984-85 study in which 

capture rates in pastured areas were only about half those in ungrazed grasslands. Racers utilize 

a wide range of habitats but generally prefer open grasslands where grasshoppers, crickets, 

lizards, and rodents, principal prey, are common. 

TABLE 7: Capture rates of snakes and lizards in different habitats in the eastern clay loam 
study areas (Sand Creek and Torline sites) in 1997 and 1998 in Harvey County, Kansas. Capture 
rates are expressed as number of captures per 600 trap station days. 

Species 

SNAKES 
Y ellowbelly Racer 
Red-sided Garter Snake 
Prairie Kingsnake 
Black Rat Snake 

LIZARDS 

Great Plains Skink 

Capture rates (# per 600 tsd) 
Sand Creek site Torline site· 

Creekland Cultivated Creekland Pasture Unpastured 

0.8 
5.6 
0.8 
2.4 

2.4 

5.6 
5.9 
1.1 
2.2 

4.4 

2.8 
9.3 
1.2 
2.4 

1.2 

edge grass 

12.7 
21.5 

1.0 
3.9 

0 

6.1 
17.1 

1.2 
1.8 

0 

Capture rates of both the Red-sided and Plains Garter Snakes were highest in the 

ungrazed sand prairie at the western study site. This was also true in the 1984-85 study. The 

principal prey of both species at this site is the Plains Leopard Frog. Frog populations are 

particularly large on the unpastured Sand Prairie Reservation in wet years because of the many 

small ponds and marshes. The abundance of frogs accounts for the increased numbers of garter 

snakes. On the eastern study sites, capture rates of Red-sided Garter Snakes were much higher at 
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the Torline site than in the highly cultivated region of the Sand Creek site. This was true in both 

the 1997-98 and 1984-85 studies. In the 1997-1998 study capture rates were lower in the 

creekland than in the adjoining grasslands or cultivated lands. 

Capture rates of Prairie Kingsnakes were similar in all habitats studied on the eastern 

sites. In 1984-85 they had been caught in larger numbers at the Sand Creek site, but this was not 

true in 1997-98. At the western site they were only caught on the unpastured sand prairie. In 

1984-85 capture rates were higher in this habitat. 

Bullsnakes were captured in all three habitats on the western site with the highest capture 

rate in the pastures. However, the sample size is small. Combining data for 1984-85 and 1997-

98, the capture rate for the unpastured sand prairie (3.4) is similar to that for pasture (3. 7). 

The Black Rat Snake was not caught at the western Sand Prairie site until 1997, but in 

1997-98 it was caught in small numbers in all three habitats. Combining data from both the 

1984-85 and 1997-98 studies at the Sand Creek site, capture rate ofrat snakes in the creekland 

was 3.4 and in the fencerows between cultivated fields was 1.6. Capture rates at the Torline site 

were 1.6 in creekland, 1.8 in pasture and pasture edge, and 1.0 in the ungrazed grassland. 

However, at this site all habitats have at least scattered trees and the traps in pasture edge were 

under a dense row of osage orange trees. The presence of some tree cover is the most important 

element in favorable habitat for this species. 

The last three species of snakes have very small samples even when the data from the 

1984-85 and 1997-98 studies are combined. However, the combined data indicates slightly 

higher capture rates in pastures than in the unpastured sand prairie for all three species (table 8). 

Traps in cultivated fields could only be constructed in the shrubby fencerows. All four 

species of snakes were caught in these field edges in low to moderate numbers, but with few 
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recaptures. In 1984 there was evidence of the migration of snakes, especially Yellowbelly 

Racers, from cultivated fields and hay fields into fencerows and creekland when harvest or 

mowing occurred. Since 1984 there has been no evidence of the use of these crop fields nor of 

increased movement at harvest time. 

TABLE 8: Capture rates of hognose snakes and glossy snakes on Sand Prairie Natural History 
Reservation and on neighboring pastures at the western study site in Harvey County, Kansas, in 
1984-85 and 1997-98. Capture rates are expressed as the number of captures per 600 trap station 
days and are calculated using the total captures and trap station days from the four years. 

Species 
Plains Hognose 
Eastern Hognose 
Kansas Glossy 

Sand Prairie 
Reservation 

1.1 
0.2 
0.1 

Pastures 
1.8 
0.6 
0.3 

The Prairie Racerunner and the Slender Glass Lizard were caught in all three habitats on 

the western Sand Prairie site. Capture rates for the Prairie Racerunner were more than twice as 

high on the pastures as on the unpastured sand prairie and were very low on the native grass 

planting. This differs from the results of the 1984-85 study when capture rates were almost 

twice as high on the unpastured sand prairie (capture rate in unpastured sand prairie was 28.3 and 

in pastures 15.0). The capture rate in sand prairie had declined by more than 75%, but the 

capture rate in pastures had remained similar. The sample of Slender Glass Lizards was small, 

but the highest capture rate was in the unpastured sand prairie. In 1984-85 it was only caught in 

the unpastured sand prairie. 

The Great Plains Skink was only caught at the eastern sites, and the sample was small. It 

was caught in creekland at both sites and in fencerows between cultivated fields at the Sand 
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Creek site. In 1984-85 only two were caught between cultivated fields at the Sand Creek site 

and one in ungrazed grassland at the Torline site. 

Population turnover. Turnover of individuals in the population can be due to 

immigration and emigration and/or to death and reproductive recruitment. When population 

turnover is higher, numbers of recaptures decrease because marked animals disappear from the 

population and are replaced by unmarked immigrants or young. Snake populations are quite 

mobile with snakes continually moving in and out of areas. However, at times when conditions 

are favorable, snakes may remain resident in a local area for an extended period of time. Table 9 

lists recapture percentages for those species of snakes and lizards on the western study site and 

the two eastern sites for which there were sufficient data. The recapture percentages for the 

Yellowbelly Racer at the western Sand Prairie site were all substantially lower than those in 

1984-85. This was particularly true of the percentage of snakes marked in the first year that were 

recaptured in the second year (20% in 1984-85 and 5% in 1997-98). Also the percentage of 

marked snakes in the population remained lower, as 38% of the captures were recaptures in 1985 

but only 20% were recaptures in 1998. This increased population turnover was due to more 

movement and to higher mortality and increased recruitment. The percentage of young snakes 

(less than 600 mm. sv length) in the captured sample was 35% (N = 85) in 1997 and 33% (N = 

24} in 1998, while similar percentages were 31% in 1984 and 14% in 1985. Recapture 

percentages of Yellowbelly Racers in the two eastern sites were much less than those in the 

western site in both 1984-85 and 1997-98. The recapture percentages on the eastern sites were 

also lower in 1997-98 than in 1984-85. Population turnover in racer populations was higher in 

the eastern populations than the western population and was also higher in 1997-98 than it had 

been in 1984-85. 
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Garter snakes have lower recapture rates and higher population turnover than racers. 

However, the recapture rates ofRed-sided Garter Snakes are similar to those in 1984-85 and the 

marked portion of the population was increasing (table 9). The population of Plains Garter 

Snakes was very low in 1997, and few captures, including no recaptures, were made. 

TABLE 9: Recapture percentages for marked snakes and lizards caught in 1997 and 1998 on 
the western sandy study site and the two eastern clay loam study sites in Harvey County, Kansas. 
Only those species are included for which at least 10 individuals were caught in one year. 

A 1997-percentage of individuals caught in 1997 that were recaptured one or more times. 
1998-percentage of individuals caught in 1998 that were recaptured one or more times. 
1997-98-percentage of individuals caught in 1997 that were recaptured in 1998. 

B. Percentage of captures that were recaptures of marked individuals. 

A 

Species 
SNAKES 

Yellowbelly Racer 
Red-sided Garter Snake 
Plains Garter Snake 
Bull snake 

LIZARDS 
Prairie Racerunner 

B. 

Species 
SNAKES 

Yellowbelly Racer 
Red-sided Garter Snake 
Plains Garter Snake 
Bull snake 

LIZARDS 
Prairie Racerunner 

Percent of individuals that were recaptures 

Western sandv site 
1997 1998 1997-98 

25% 
12% 
0 

16% 

15% 

17% 
11% 
9% 

10% 

14% 

5% 
3% 
0 

10% 

3% 

-Eastern clay loam sites· 
1997 1998 1997-98 = =. 

8% 10% 
9% 10% 

4% 
2% 

Percent of captures that were recaptures 
Western sandy site Eastern clay loam sites 

1997 1998 1997 1998 

21% 
8% 
0 
5% 

9% 

19 

20% 
11% 
7% 

25% 

13% 

4% 
5% 

12% 
11% 



Bullsnakes generally have lower population turnover than either racers or garter snakes. 

Ten percent of the snakes marked in 1997 were recaptured in 1998, and 25% of the captures in 

1998 were recaptures (table 9). These percentages were higher than in 1984-85. 

Movement records indicate that lizards, such as the Prairie Racerunner, remain in a more 

restricted home area. Recaptures are generally in the same trap station or a nearby trap station .. 

However, mortality may have been high, since the recapture percentages were lower than in 

1984-85. 

Food, Reproduction, and Growth. Scats and data on stomach contents were collected 

for all snakes. Data on sex, sexual maturity, presence of sperm in the cloaca, numbers of gravid 

or pregnant females, and clutch sizes were collected for all snakes. All snakes and lizards were 

measured and weighed, so that growth and composition of the population by size classes can be 

calculated. These data have not been compiled and analyzed as yet. 

Population trends. Snakes and lizards have been trapped in the sand prairies of western 

Harvey County in 18 of the last 40 years. From 1959 to 1963, trapping was done in Harvey 

County West Park, approximately one mile southeast of Sand Prairie Natural History 

Reservation. From 1960 to 1963, trapping was also done in a pasture which adjoins Sand Prairie 

Reservation to the south. From 1966 to 1974, 1984 to 1985, and 1997 to 1998, trapping was 

done on Sand Prairie Reservation and adjoining areas to the north and east. From 1959 to 1963 

and 1966 to 1974, trapping was done through much of the late spring, summer, and fall. 

However, for this analysis of population trends, comparisons are made of the trapping results in 

the period between the middle of May and the middle of July each year (except for 1966 when 

trapping was not begun until early June). Table 10 shows the length of the periods being 

compared, the trapping effort in trap station days, capture rates of all snakes and environmental 
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conditions on the study site. Tables 11, 13, 14, and 15 show the capture rates of the species of 

snakes for each year. 

The rate at which animals are captured in traps that intercept normal movement depends 

both upon the number of animals on the site and the amount of activity by individual animals. 

Although physical factors such as weather affect activity of snakes and lizards on a daily basis, 

they have a minor effect in determining the amount of activity over a two-month period (mid

May to mid-July) in the season of most activity. There were nine years out of the 18 in which 

the average departure from normal of mean monthly temperatures in May, June, and July was 

plus 1 "F or higher and six years in which the average departure from normal was minus 1 "F or 

lower (table 1 0). The mean capture rate for all snakes for the warm years was 48. 7±6.1 captures 

per 600 trap station days and for the cool years was 44.0±8.2 captures per 600 trap station days. 

The difference is not statistically significant (U = 31, p >.2). The amount of precipitation during 

the study period also had a minor, if any, effect on snake activity. The mean capture rate of all 

snakes in the six years with the highest precipitation during the study period was 45.3±7.7 

captures per 600 trap station days and that in the six years with the lowest precipitation was 

49.8±8.8 captures per 600 trap station days. This difference is also not significant (U = 20, p 

>.2}. The main factor affecting capture rates in different years is the size of the population on the 

study site. 

Table 11 lists capture rates for garter snakes and for frogs, their principal prey. Garter 

snakes are highly variable in capture rates from year to year. The highest capture rate for the 

mid-May to mid-July study period is more than 19 times the lowest rate in the Plains Garter 

Snake and more than 13 times the lowest rate in the Red-sided Garter Snake (table 11 ). 
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Table 10: Numbers of days, trap station days (tsd), capture rates of snakes, and environmental 
conditions in the periods being compared in each year of a snake population study in western 
Harvey County, Kansas. Temperatures are expressed as the mean departure ("F) from average 
monthly temperatures for May, June, and July. Precipitation data marked with an asterisk were 
measured on Sand Prairie Reservation. Other precipitation data and all temperature data were 
taken from Climatological Data-Kansas (NOAA) for Newton, 13 miles east of the study sites. 
Surface water on Sand Prairie Reservation is described for the beginning (mid-May) and the end 
(mid-July) of each study period on a scale from 0 (no surface water) to 5 (maximum flooding 
involving more than a third of the area). 

No. Total Snakes Precip. (in.) Surface water 
Year days tsd #/600tsd Temp. My15-Jy15 May July 

1959 62 1293 52.4 - 1.2 7.68 
1960 60 2547 75.8 -2.0 9.39 
1961 60 2631 48.6 -2.8 6.00 
1962 61 2632 46.3 +2.8 14.74 
1963 59 2950 28.9 +2.6 4.91 

1966 42 1214 50.9 +2.3 1.69 2 0 
1967 61 2467 34.0 -2.7 15.52* 1 4 
1968 63 2868 16.3 - 1.2 6.25* 3 2 
1969 63 7428 20.9 - 0.3 10.74* 4 3 
1970 63 9076 24.2 +1.1 7.55* 3 2 

1971 62 6482 32.6 - 0.3 4.87* 3 3 
1972 60 6372 25.0 - 0.3 6.48* 2 1 
1973 62 8035 59.4 +1.5 5.18* 5 3 
1974 62 7949 48.4 +2.1 7.12* 4 3 

1984 63 2982 87.1 +1.2 2.62 4 2 
1985 62 3100 53.2 +1.4 7.91 1 1 

1997 63 3134 36.6 - 1.7 12.15 1 1 
1998 62 3100 40.2 +2.5 5.97 4 3 

In the changes in capture rates from one year to the next, decreases and increases are 

synchronous in these two garter snake populations. The only exception is the change from 1967 

to 1968 (table 11). Many of the same factors are affecting both garter snake populations. 
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Table 11: Capture rates of Plains Garter Snakes Thamnophis radix, Red-sided Garter Snakes 
T. sirtalis parietalis, and their principal prey, frogs, for the period of mid-May to mid-July each 
year on the study sites in western Harvey County, Kansas. Capture rates are expressed as 
number of captures per 600 trap station days. 

Cagture rates of garter snakes Capture rates 
Year Plains Red-sided Frogs 

1959 1.8 17.2 14.9 
1960 13.0 22.1 97.3 
1961 11.4 10.0 421.0 
1962 6.4 9.6 661.0 
1963 6.3 7.1 34.8 

1966 7.9 6.4 31.1 
1967 4.4 1.7 1.7 
1968 1.5 1.7 8.6 
1969 8.2 4.8 1823.7 
1970 10.2 6.0 34.2 
1971 11.1 11.5 220.8 
1972 8.4 6.7 0.6 
1973 28.7 21.9 384.9 
1974 25.5 14.6 808.6 

1984 27.4 14.1 13.9 
1985 11.0 5.6 0.8 

1997 2.5 7.1 5.5 
1998 11.2 14.3 339.4 

The principal prey of both species of garter snakes on this study site is the Plains Leopard 

Frog. The frog population shows extreme fluctuations which can be related to the amount of 

flooding on the study site (compare capture rates of frogs in table 11 with flooding scores in 

table 1 0). The fluctuations in garter snake populations were related to these changes in frog 

populations. Whenever the frog population increased from very low to high (see 1968 to 1969, 

1972 to 1973, and 1997 to 1998 in table 11), there is an immediate increase in the same year in 

both garter snake populations. Since young garter snakes are born in late July or later and 

trapping was done from mid-May to mid-July, this increase cannot be the result of increased 

23 



reproduction. This increase in garter snakes on the study site is due to the migration of 

individuals from other areas with more permanent water and/or to the higher survival and growth 

of first year snakes. 

Increased prey availability may also affect reproduction primarily by affecting the 

percentage of females that become pregnant. In the Plains Garter Snake in years of frog 

abundance, females that were not obviously pregnant in June may become pregnant later in the 

summer and may give birth to young as late as mid-October. In the Red-sided Garter Snake, 

increased frog abundance mostly affects reproduction in the subsequent year. 

When the frog capture rate is above 100 captures per 600 trap station days, there is no 

relation between increases or decreases in frog capture rates and changes in garter snake capture 

rates. The frog population often exceeds the capacity of the garter snake population to exploit it. 

However, in both species of garter snakes, a series of years many of which have very large frog 

populations can result in very large snake populations (see 1969-74 in table 11). A series of 

years with very low frog populations results in very low garter snake populations (see 1966-68 in 

table 11). 

The mean capture rates of garter snakes for the semi-weekly trapping periods betwe~n 

mid-May and mid-July in 1962-63, 1972-73, 1984-85, and 1997-98 are shown in table 12. The 

mean capture rate ofPiains Garter Snakes is significantly higher in 1972-73 than in 1962-63 (Z = 

3.212, p < .01), similarly high in 1984-85 and significantly lower in 1997-98 (Z = 4.168, p < 

.01). The mean capture rate of Red-sided Garter Snakes is highest in 1972-73, significantly 

higher than in 1962-63 (Z = 2.008, p < .05), significantly lower in 1984-85 (Z = 2.108, p < .05), 

and similarly low in 1997-98. However, even though both populations were captured in 

significantly lower numbers in 1997-98 than in 1972-73, they are not in long-term decline. The 
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significance of this difference is due to the exceptionally high population in 1973 and, for the 

Plains Garter Snake, in 1984 and is an indication that the short-term fluctuations indicated in 

table 11 are significant changes. 

Table12: Mean capture rates of snakes and lizards in semiweekly trapping periods from mid
May to mid-July in two consecutive years in the 1960s, the 1970s, the 1980s, and the 1990s. 
Capture rates are expressed as the number of captures per 600 trap station days. Asterisks 
between two numbers indicate that the difference is statistically significant. 

Mean cagture rates 
Sgecies of snakes & lizards 1962-63 1972-73 1984-85 1997-98 

SNAKES 
Plains Garter Snake 7.4±1.3 * 18.2±2.4 19.0±2.6 * 6.9±1.5 
Red-sided Garter Snake 8.9±1.5 * 14.0±2.0 * 9.4±1.5 10.7±1.8 
Yellowbelly Racer 8.0±1.7 5.5±0.6 * 33.8±2.8 * 15.1±2.0 
Bullsnake 1.7±0.5 1.8±0.3 * 4.0±0.7 3.1±0.5 
Prairie Kingsnake 1.0±0.4 0.2±0.1 * 1.7±0.5 1.2±0.3 
Plains Hognose Snake 9.3±1.7 * 1.2±0.3 1.3±0.4 0.8±0.3 
Eastern Hognose Snake 3.8±1.2 * 0.1±0.03 0.2±0.2 0.6±0.3 
Glossy Snake 1.0±0.6 0.3±0.1 0.1±0.1 0.2±0.1 

LIZARDS 
Prairie Racerunner 35.8±5.3 * 20.8±2.4 23.3±3.6 * 8.1±1.1 
Prairie Lizard 1.8±0.6 2.1±0.5 1.4±0.5 * 0.2±0.2 
Slender Glass Lizard 0.4+0.2 * 1.3+0.2 * 0.9+0.3 1.9+0.4 

There is also a long-term fluctuation in the relative sizes of the two garter snake 

populations (table 11). For the years 1959 to 1962, the Red-sided Garter Snake capture rates 

were substantially higher than those of the Plains Garter Snake. In the years studied between 

1963 and 1985, Plains Garter Snake capture rates were mostly higher. In 1997-98, Red-sided 

Garter Snake capture rates were again substantially higher. This fluctuation may be due to 

differences in the responses of the two garter snake populations to differing patterns of year to 

year changes in frog availability. 
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Table 13 lists the capture rates of the Yellowbelly Racer and important prey, lizards, from 

mid-May to mid-July in the years when studies were done. The amplitude of fluctuation in the 

capture rate of racers is quite large, with the maximum capture rate (37.2) being almost 17 times 

the minimum (2.2}. However, the long-term cyclical pattern is quite different from the pattern of 

fluctuation in the garter snakes. The capture rates were moderate in the early 1960s, were low 

most of the time from 1962 to 1974, particularly from 1967 to 1974, were extremely high in 

Table 13: Capture rates of Yellowbelly Racers Co/uber constrictor jlaviventris and 
lizards, important prey, for the period from mid-May to mid-July each year on the study 
sites in western Harvey County, Kansas. Capture rates are expressed as number of 
captures per 600 trap station days. 

Cagture rates 
Year Yellowbelly Racers Lizards 

1959 16.7 81.7 
1960 17.4 81.0 
1961 10.0 49.5 
1962 8.4 59.0 
1963 5.1 25.5 

1966 17.3 135.9 
1967 9.7 43.8 
1968 3.6 14.6 
1969 3.1 17.0 
1970 2.2 17.0 
1971 3.4 24.4 
1972 6.3 24.5 
1973 4.7 19.8 
1974 4.8 6.3 

1984 37.2 32.6 
1985 29.6 19.4 

1997 19.7 8.4 
1998 10.6 8.9 
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1984-85 and more moderate again in 1997-98 (table 13). The decrease in racers in 1997-98, 

although seen in other habitats and in the eastern part of the county was greatest on the 

unpastured sand prairie and may be related to increasing vegetative cover there. The mean 

capture rate for the semiweekly trapping periods in two consecutive years in each of the decades 

is shown in table 12. The decrease in capture rates between 1962-63 and 1972-73 is not 

statistically significant (Z = 0.939, p = .20-.50), but the capture rates were higher in 1959 and 

1960. The increase in capture rates between 1972-73 and 1984-85 and the decrease between 

1984-85 and 1997-98 are significant (Z = 7.129, p <.01 and Z = 4.759, p <.01 respectively). 

The food of racers in these sand prairies is varied. The main prey eaten are insects, 

particularly grasshoppers and crickets, lizards, snakes, rodents, and frogs. The abundance of 

grasshoppers and crickets was not monitored in this study. Capture rates of lizards are listed in 

table 13, of rodents in table 14, and of frogs in table 11. There are some similarities in 

abundance of lizards and racers, such as the high lizard and racer populations in 1966 and the 

low lizard and racer populations in 1974. However, the availability of prey does not appear to be 

the limiting factor causing the low racer populations from 1967 through 1974, nor is the extreme 

abundance of racers in 1984-85 accompanied by a similar abundance of prey. 

Multiyear periods of very low numbers and of very high numbers in the population of 

Yellowbelly Racers on these sand prairies is real. In 1997-98, the population appears to be 

declining again from the very high numbers in 1984-85. A smaller amount of trapping in early 

summer 1993 by one of my students gave a capture rate of22.1 which suggests capture rates of 

20 or higher for at least 10 years. Whether these cyclical lows and highs in the racer population 

were due to fluctuations of some extrinsic factor or whether it was intrinsic to the population 

dynamics or genetics ofthis species cannot be determined from the data collected. 
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The main foods of Bullsnakes, Prairie Kingsnakes, and Black Rat Snakes on the study 

site are small mammals, particularly rodents. The rodent populations are variable, but there are a 

number of species used as prey and they are not synchronous in their fluctuations and are much 

less variable than the frog populations (table 14). Populations of the Bullsnake and Prairie 

Kingsnake are variable, but the amplitude of their fluctuations is much less than that of the garter 

snakes or Yellowbelly Racer. The highest capture rate for the Bullsnake (7.3) was 6.6 times the 

lowest (1.1 ), and the highest capture rate for the k:ingsnake was 2.6 snakes per 600 trap station 

days while the lowest was 0 (table 14). 

Table 14: Capture rates of Bullsnakes Pituophis catenijer sayi, Black Rat Snakes Elaphe o. 
obsoleta, Prairie Kingsnakes Lampropeltis c. calligaster, and rodents, principal prey of these 
snakes, for the period of mid-May to mid-July each year on the study sites in western Harvey 
County, Kansas. Capture rates are expressed as numbers of captures per 600 trap station days. 

CaQture rates of snakes CaQture rates 
Year Bullsnake BRat Snake P Kingsnake rodents 

1959 2.3 0.0 1.8 10.7 
1960 3.5 0.0 2.6 5.4 
1961 4.6 0.0 1.1 10.5 
1962 1.1 0.0 1.1 5.7 

1963 2.4 0.0 0.4 6.0 

1966 4.0 0.0 0.5 111.2 
1967 7.3 0.0 0.5 54.5 
1968 6.7 0.0 0.2 70.3 
1969 1.6 0.0 0.0 7.3 
1970 2.4 0.0 0.5 8.6 
1971 3.8 0.0 0.1 3.0 
1972 1.3 0.0 0.3 13.1 
1973 2.5 0.0 0.1 4.9 
1974 1.7 0.0 0.2 5.1 

1984 5.0 0.0 1.2 9.8 
1985 2.9 0.0 2.3 11.6 

1997 3.4 0.8 1.3 14.4 

1998 2.1 0.2 1.2 12.8 
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The highest capture rates ofBullsnakes were in 1961, 1966, 1967, 1968, and 1984, and 

all of these were years of high or moderate rodent populations. When rodent populations made 

steep declines, bullsnake populations often declined, as in 1962 and 1969. However, many of 

the changes in Bullsnake populations are not explainable in terms of changes in total rodents in 

early summer. Numbers of young Western Harvest Mice in the fall may be important for the 

survival of hatchlings and recruitment of young into the population the next year. Changes in 

Bullsnake populations often appear to be delayed at least one year after increases or decreases in 

rodent numbers (table 14), and there may be delayed effects on reproduction and mortality. 

Also, physical changes in the environment, such as flooding of the site, may cause changes in the 

Bullsnake population (see 1969, a year of extreme flooding, in table 14). 

The mean capture rates for semiweekly trapping periods in 1962-63, 1972-73, 1984-85, 

and 1997-98 are listed in table 12. The increase in capture rates between 1972-73 and 1984-85 is 

statistically significant (Z = 2.203, p<.05), but the difference between 1984-85 and 1997-98 is 

not significant (Z = 0.839, p>.60). The population in 1984-85 and 1997-98 was certainly larger 

than it was in the early 1970s but probably no larger than it was from 1966 to 1968 (table 14). 

These changes in population size are real, but do not indicate a long-term positive trend in 

population numbers. They are probably part of normal short-term fluctuation of this Bullsnake 

population. 

The capture rates of Prairie Kingsnakes were much smaller than those of Bullsnakes 

(table 14). They were extremely low from 1963 through 1974 but were somewhat higher earlier 

in the 1960s and again in the 1980s' and 1990s. The mean capture rate in semiweekly trapping 

periods was significantly higher in 1984-85 than it had been in 1972-73 (table 12; Z = 2.469, 

p<.05). The pattern of variation is quite different from that ofBullsnakes and, unlike Bullsnakes, 
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capture rates of Prairie Kingsnakes were low when rodent populations were high from 1966 to 

1968. The pattern resembles the long-term fluctuation evident in the population of the 

Yellowbelly Racer. 

The Black Rat Snake is common in eastern Harvey County but had never been caught in 

the study areas· in western Harvey County until 1997 and 1998 when it was caught in small 

numbers (table 14). If this species is able to colonize these sandhills areas, it may compete with 

the Bullsnake. The extension of the range of the Black Rat Snake may be the result of an 

increase in trees which would be favorable to the rat snake but unfavorable to the Bullsnake. 

The Plains Hognose Snake, Eastern Hognose Snake, and Kansas Glossy Snake are 

similar in that they have all shown substantial declines over the course of these studies, with the 

biggest decline occurring in the late 1960s or early 1970s (table 15). A precipitous decline in 

captures of Plains Hognose Snakes occurred after 1967 (table 15). The mean capture rate per 

600 trap station days for the seven years of trapping from 1959 through 1967 was 8.8 Plains 

Hognose Snakes, and the lowest capture rate was 4.5 snakes. From 1968 through 1998, the mean 

capture rate for the eleven years of trapping was 1.3 snakes, and the highest capture rate was 1.9. 

The mean capture rate in semiweekly trapping periods from mid-May to mid-July in 1972-73 

was significantly lower than that in 1962-63 (table 12; Z = 4.808, p<.01). The decline may be 

continuing since the mean capture rate in semiweekly trapping periods in 1997-98 is 38% lower 

than in 1984-85, although this difference is not statistically significant (Z = 0.833, p = .10-.25). 

The Eastern Hognose Snake was caught in lower numbers than the Plains Hognose, and 

the decline in captures occurred a year earlier, after 1966. From 1959 through 1966, the mean 

capture rate per 600 trap station days for the six years of trapping was 2.8 snakes and the lowest 

capture rate was 1.4. From 1967 through 1998, the mean capture rate for the twelve years of 
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Table15: Capture rates of Plains Hognose Snakes Heterodon n. nasicus, Eastern Hognose 
Snakes H. p/atirhinos, and Kansas Glossy Snakes Arizona e. e/egans for the period of mid-May 
to mid-July each year on the study sites in western Harvey County, Kansas. Capture rates are 
expressed as number of captures per 600 trap station days. 

Cailture rates 
Year Plains Hognose Eastern Hognose Kansas Glossy 

1959 5.6 3.7 0.0 
1960 11.5 1.6 1.4 
1961 8.0 1.6 0.9 
1962 12.5 5.7 0.7 
1963 4.5 1.6 1.0 

1966 10.4 2.3 1.5 
1967 8.5 0.7 1.2 
1968 1.5 0.6 0.6 
1969 1.6 0.4 1.2 
1970 1.8 0.7 0.2 
1971 1.9 0.4 0.3 
1972 1.5 0.1 0.4 
1973 1.0 0.1 0.1 
1974 1.0 0.3 0.4 

1984 1.8 0.0 0.2 
1985 0.8 0.6 0.0 

1997 1.1 0.2 0.4 
1998 0.6 0.8 0.0 

trapping was 0.4 snakes, and the highest capture rate was 0.8. The mean capture rate in 

semiweekly trapping periods for Eastern Hognose Snakes was significantly lower in 1972-73 

than it had been in 1962-63 (table 12; Z = 4.184, p<.01). The mean capture rate is higher in 

1997-98 than in 1984-85, but the numbers involved are very small. 

The Kansas Glossy Snake has been uncommon in all years, but a substantial decline in 

capture rates occurred after 1969. In the nine years of trapping prior to 1970, the mean capture 

rate per 600 trap station days was 0.9 snake, and the lowest capture rate was 0. From 1970 

through 1998, the mean capture rate for the nine years of trapping was 0.2 snake, and the highest 
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capture rate was 0.4. The mean capture rates in semiweekly trapping periods from mid-May to 

mid-July decline from 1.0 in 1962-63 to 0.1 in 1984-85, but the samples of snakes are too small 

to detect any significant changes (table 12). 

The decline in these three populations was not caused by a decline in food resources, 

because these three species have different food habits. More than 90% of the food of Eastern 

Hognose Snakes on the study sites consisted of amphibians, primarily Plains Leopard Frogs. For 

the Plains Hognose Snake, almost half of the food consisted of lizards, primarily Prairie 

Racerunners, and reptile eggs, with the other half consisting of rodents and amphibians. More 

than 80% ofthe food of the Kansas Glossy Snake consisted of rodents, with the rest being made 

up of lizards and birds. The appropriate snake populations have not responded to the abundant 

frogs, rodents, or lizards that have occurred in some years since the late 1960s. 

The decreased population levels in these three species have lasted from 28 to 31 years. 

There are at least four possible explanations of these declines, and they may be due to a number 

of factors. All three of these species have been reported to be more common in open areas with 

less vegetative cover. Most of the trapping since 1966 has been done on Sand Prairie Natural 

History Reservation, and it has been undergoing habitat change since cattle grazing was removed 

in 1966. The data may represent the responses of these three populations to increased vegetative 

cover on this one study site. In the four years of trapping between 1984 and 1998, 20% of the 

trapping effort occurred in pastures. However, 27% of the Plains Hognose Snakes, 22% of the 

Eastern Hognose Snakes, and 33% of the Kansas Glossy Snakes were caught in these pastures. 

Although habitat change on the Sand Prairie Reservation may be a partial explanation, the 

capture rates in pastures are still below the capture rates typical of the early 1960s (table 8 and 

32 



15). Also, all of the trapping in 1959 and half of the trapping in 1960 to 1963 was done in 

Harvey County West Park which had been ungrazed for approximately 20 years. 

A second possible explanation is that this is a normal pattern with long periods of very 

low populations with periodic or cyclic irruptions such as the higher numbers we were finding in 

the early 1960s. Since all three populations declined similarly, the population changes were 

most probably due to extrinsic factors. The high population numbers in the early 1960s might 

have been in response to the drought years of the 1950s which reduced vegetative cover. 

Thirdly, the low population numbers might be due to better pasture management in the 

sandhills in recent years that maintains more vegetative cover and prevents sand blowouts. 

However, it seems unlike! y that this by itself would cause the very rapid drop in population 

numbers that occurred in the late 1960s. 

A fourth possibility is that the decline may be due to other environmental changes in the 

sandhills, probably caused by human management. If this is the case, I suspect that the cause is 

not a single factor but multiple factors that have increased mortality and/or decreased 

reproduction in these populations. Such factors could be increased traffic on roads, increased 

housing development in some parts of the sandhills, increased recreational use of the sandhills, 

and could include increased vegetative cover. 

Table 16lists the capture rates for the three species oflizards that were caught in western 

Harvey County in 1997-98. The Prairie Racerunner population declined in the late 1960s, the 

mean capture rates in semiweekly trapping periods in 1962-63 being 35.8 and for 1972-73 being 

20.8 (table 12). This difference in capture rates is significant (Z = 2.194, p<.05). The population 

remained rather stable in the years trapping was done between 1968 and 1985 (except 
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for the very low capture rate in 1974; see table 16). The mean capture rate for these years was 

17.4. The capture rates in both 1997 and i998 were much lower (table 16), with a mean for the 

Table 16: Capture rates ofPrairie Racerunners Cnemidophorus sexlineatus viridis, Prairie 
Lizards Sceloporus undulatus garmani, and Western Slender Glass Lizards Ophisaurus a. 
attenuatus, from mid-May to mid-July each year on the study sites in western Harvey County, 
Kansas. Rate of capture is expressed as number of captures per 600 trap station days. 

Cagture Rates 
Prairie Slender 

Year Racerunner Prairie Lizard Glass Lizard 

1959 81.5 0 0 
1960 70.1 4.5 0.7 
1961 45.2 4.6 0.2 
1962 48.6 2.3 0.4 
1963 17.5 0.6 0.4 

1966 121.1 13.8 0.5 
1967 35.0 7.3 0.2 
1968 11.7 1.9 0.6 
1969 13.6 2.6 0.4 
1970 15.9 0.4 0.8 
1971 20.4 2.1 0.6 
1972 22.6 2.2 1.5 
1973 17.9 1.9 1.0 
1974 4.3 0.9 0.6 

1984 32.6 1.8 0.8 
1985 17.6 0.8 1.0 

1997 8.0 0.2 1.5 
1998 8.7 0 2.3 

two years of 8.4. The decline in capture rates between 1984-85 and 1997-98 was statistically 

significant (table 12; Z = 4.197, p<.01). This decline was greatest on the unpastured sand prairie 

and may be related to increasing vegetative cover. 

The Prairie Lizard is much less common than the Prairie Racerunner and is caught over a 

shorter period of time in spring and early summer. Capture rates were high in 1960, 1961, 1966, 
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and 1967. Otherwise, the capture rates from 1962 through 1985 have varied between 0.4 and 2.6 

(table 16). However, only one Prairie Lizard was caught in 1997 and none in 1998. This is a 

lower two-year capture rate than in any previous two years and indicates a substantial decline in 

numbers. 

The Slender Glass Lizard has been caught in small numbers in most years. The capture 

rates were high in 1972-73, being significantly higher than in 1962-63 (Z = 3.24, p<.01) and in 

1984-85 (Z = 2.575, p<.05). The highest capture rates were in 1997-98 (tables 12 and 16). 

However, the difference between the capture rates in 1997-98 and 1984-85 were not quite 

significant atthe 5% level of significance (Z = 1.894, p = .05-.06). 

Lizard populations on these sites are a concern. The Slender Glass Lizard population was 

good in 1997-98, but the Prairie Racerunner and the Prairie Lizard populations seem to be in 

decline. Also, as many as three lizard populations may already have been lost from the fauna of 

these sites. There is an early record of the Texas Homed Lizard Phrynosoma cornutum from 

western Harvey County, although it is not documented by a specimen. I have not seen this 

species in western Harvey County at any time since 1959. The Great Plains Skink was caught 

twice on the study sites in 1962, although no specimens were saved. It has not been caught since 

1962 in western Harvey County, although it was caught in 1984-85 and in 1997-98 on the study 

sites in eastern Harvey County. The Lesser Earless Lizard Holbrookia macula/a was caught in 

eight of the fourteen years oftrapping between 1959 and 1974 (table 17). They were observed 

more commonly during these years, as they seemed to be less likely to be captured in traps than 

the Prairie Lizard and the Prairie Racerunner. In 1984-85 none were caught in the traps, 

although one was observed in 1985. In 1997-98 none were observed nor caught in traps. 
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Table 17: Capture rates of Lesser Earless Lizards Holbrookia macu/ata, toads Bufo sp. and 
Plains Spadefoots Spea bombifrons for the period from mid-May to mid-July each year on the 
study sites in western Harvey County, Kansas. Capture rates are expressed as number of 
captures per 600 trap station days. 

Cagture rates 
Year Earless Lizards Toads Plains Spadefoots 

1959 0.0 1.4 0.0 
1960 0.0 1.2 0.2 
1961 0.4 0.7 0.0 
1962 0.9 0.9 0.0 
1963 0.0 0.0 0.0 

1966 2.0 2.0 0.0 
1967 0.2 1.2 1.2 
1968 0.0 0.2 0.0 
1969 0.2 0.8 0.2 
1970 0.0 0.1 0.0 
1971 0.1 0.0 0.1 
1972 0.2 0.0 0.1 
1973 0.0 0.0 0.0 
1974 0.1 0.0 0.0 

1984 0.0 0.0 0.0 
1985 0.0 0.2 0.0 

1997 0.0 0.0 0.0 
1998 0.0 0.0 0.0 

The populations of three species of amphibians that have been caught in traps on these 

western Harvey County study sites may also have declined. Both the Great Plains Toad Bufo 

cognatus and Woodhouse's Toad Bufo woodhousii have been caught in these studies, although 

neither has been very common. Since a distinction between the two species has not always been 

made in the trapping records, I have listed capture rates for toads in table 17. Although captures 

occurred in most years between 1959 and .1970, since that time there has been only one capture 

of a Great Plains Toad (in 1985). No toads were observed or captured in 1997-98. The Plains 
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Spadefoot Spea bombifrons has not been observed or caught on the study sites since 1972. It 

was irregular in captures before then (table 17}. 

CONCLUSIONS 

The following conclusions are based on the data collected in Harvey County. However, 

many of the conclusions can be applied more generally to these species in Kansas: 

1. Snakes and lizards are much more abundant and diverse in the sand dunes 

(Hutchinson Dune Tracts) of western Harvey County than in eastern Harvey County 

with clay loam soils. The capture rate of all snakes on the western site was more than 

twice that on the eastern site, and capture rates of lizards were even more different. 

Nine species of snakes and three species of lizards were caught on the western site, 

but only five species of snakes and one species of lizard were caught on the eastern 

sites. These differences are probably related to soil type, amount of standing water, 

and land use and disturbance. 

2. Plains Garter Snakes, Plains Hognose Snakes, Eastern Hognose Snakes, Kansas 

Glossy Snakes, and Bullsnakes were only caught at the Sand Prairie site during this 

study, and all except the Bullsnake are probably restricted to the western part of the 

county. Yellowbelly racers are more abundant on the Sand Prairie site than on the 

eastern sites. Red-sided Garter Snakes and Prairie Kingsnakes were caught in similar 

numbers in the two parts of the county. Black Rat Snakes were first caught on the 

Sand Prairie site in 1997 but are more common in the eastern part of the county. The 

Prairie Racerunner, Prairie Lizard, and Western Slender Glass Lizard were only 

found in the western sandy part of the county. The Great Plains Skink is primarily 

restricted to the eastern part. 
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3. The Yellowbelly Racer was most commonly caught in pastures and grassland (in 

1984-85 it was most common on unpastured sand prairie) and is least common in 

wooded creekland. It does use fencerows between cultivated fields. 

4. Both species of garter snakes were most common on the unpastured sand prairie on 

the western site, probably because of more water and higher populations of frogs on 

this area. The Red-sided Garter Snake was caught in all habitats on the eastern sites 

but was more common on the grasslands than on the wooded creeklands or cultivated 

fields. 

5. The Bullsnake was caught in all three habitats on the western site and, combining the 

1984-85 and 1997-98 data, was caught in similar numbers on the pastures and the 

unpastured sand prairie. One Bullsnake was caught near one of the eastern sites in 

the fall, so it is present but rare in the eastern part of the county. It may be more 

sensitive to the effects of agricultural practices. 

6. The Pritirie Kingsnake was only caught in the unpastured sand prairie on the western 

site, but the sample size is very low. It was caught in similar numbers in all habitats 

at the eastern sites. 

7. The Black Rat Snake was caught most commonly in wooded creekland and pasture 

edge on the eastern study sites. Tree cover seems to be the most important feature of 

its habitat, and increased tree cover on the western site may be an important factor 

that has allowed it to invade. 

8. Combining 1984-85 and 1997-98 data, the Plains Hognose Snake, Eastern Hognose 

Snake, and Kansas Glossy Snake have slightly higher capture rates on the pastures 

than on, unpastured sand prairie. 
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9. The Bullsnake has the highest long-term recapture rate, indicating a lower population 

turnover. Garter snakes have the lowest long-term recapture rate. The recapture rates 

on the eastern sites are much lower than those on the western site. 

10. The Yellowbelly Racer had lower capture rates in most habitats in 1997-98 than in 

1984-85, but the decline was especially severe on the unpastured sand prairie. The 

recapture percentages were also lower in 1997-98 on both eastern and western sites, 

indicating greater mortality and/or migration. The decline on the unpastured sand 

prairie may be related to increased vegetative cover. 

11. The Prairie Racerunner and Prairie Lizard both underwent substantial declines on the 

unpastured sand prairie between 1984-85 and 1997-98. Capture rates of the Western 

Slender Glass Lizard increased on the unpastured sand prairie between 1984-85 and 

1997-98. These changes may be related to increased vegetative cover. 

12. Agricultural practices can reduce snake and lizard populations. There is evidence of 

increased injury of snakes, probably resulting in increased mortality, on the eastern 

sites with more intense agriculture. Lizard populations are more greatly reduced by 

intense agriculture. 

13. Yellowbelly Racers, Red-sided Garter Snakes, Prairie Kingsnakes, Black Rat Snakes, 

and Great Plains Skinks use shrubby fencerows between crop fields. However, 

recapture rates were low, and these field edge may be used primarily as corridors for 

movement. It appears that in most years there is little use of cropland itself by 

snakes, at least at the time of harvest. However, they may use it at other seasons or in 

some years (in 1984 there was evidence of a migration of snakes out of cropland at 

the time of harvest). 
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14. Five of the nine species of snakes showed no discernible positive or negative trends 

on the Sand Prairie site over the forty years from 1959 to 1998. These five species, 

the two garter snakes, Yellowbelly Racer, Bullsnake, and Prairie Kingsnake, have 

moderate to very high fluctuations in population numbers. Some fluctuations can be 

related to fluctuations in the availability of prey, but snake populations also go 

through periods of decline and increase which cannot be obviously related to extrinsic 

factors. The two garter snakes and the Yellowbelly Racer have very great population 

fluctuations, while the fluctuations are more moderate in Bullsnake and Prairie 

Kingsnake populations. The garter snakes and Bullsnake have · short period 

fluctuations often increasing and decreasing from year to year. The Yellowbelly 

Racer and the Prairie Kingsnake fluctuate over longer times with multi-year periods 

oflow and high populations. 

15. The Black Rat Snake was not caught on the western study site until 1997. It has 

recently invaded this site. 

16. Three species, the Plains Hognose Snake, Eastern Hognose Snake, and Kansas Glossy 

Snake, have shown a continuing and substantial negative change in numbers over the 

forty-year period from 1959 to 1998. The greatest decline occurred in the late 1960s, 

and their populations have now been low for from 28 to 31 years. 

17. Prairie Racerunner and Prairie Lizard populations have fluctuated over the forty years 

at the Sand Prairie site. They declined somewhat in the late 1960s and have 

undergone a steeper decline between 1984-85 and 1997-98. Capture rates ofWestern 

Slender Glass Lizards have been low but rather consistent. They have increased 

between 1984-85 and 1997-98. 
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RECOMMENDATIONS 

1. In agricultural regions, grassy or shrubby fencerows, grassy waterways and natural 

wildlife areas need to be maintained in order to maintain populations of snakes. 

These vegetated areas should not be mowed or burned at the same time that cultivated 

fields are bare or provide unfavorable habitat for snakes. Snakes can maintain 

populations in cultivated areas as long as they can move around and find favorable 

habitat. Lizards have more difficulty maintaining populations in intensively 

cultivated areas. 

2. Additional study is needed to determine the amount of injury and mortality of snakes 

and lizards caused by agricultural activities and to determine how this might be 

minimized. 

3. Populations of lizards and snakes should continue to be monitored on a periodic basis 

in south central Kansas by trapping at some of the study sites used in this study. 

However, some other study sites, particularly in pastures and around cultivated fields, 

should be used so that more general changes in populations can be separated from 

those occurring on a local site. Similar monitoring needs to be established in other 

parts of Kansas. The metal shelters should be allowed to weather further in the field 

and then tested after a few years for their effectiveness in monitoring snake 

populations. 

4. The Plains Hognose Snake, Eastern Hognose Snake, and Kansas Glossy Snake should 

be on the list of species in need of conservation. Priority needs to be given to 

determining their population status in other parts of Kansas and to determining the 

cause of depressed populations. 
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5. Bullsnake populations need to be watched. Priority needs to be given to the effect of 

spreading tree cover and· intensive agricultural practices on Bullsnake populations. 

Declines might also be related to interaction and competition with Black Rat Snake 

populations. 

6. More information needs to be collected about the present distribution of lizards in 

Kansas and the status of their populations. Priority should be given to the Texas 

Homed Lizard Phrynesoma comutum, the Lesser Earless Lizard Holbrookia 

maculata and the Prairie Lizard Sceleporus undulatus garmani. 
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