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ABSTRACT

Ten Masticophis flagellum  were caught, radiotransmitters were implanted 

and radio-tracked between 11 April and 19 October 2000 for the purpose of 

determining spatial activity and habitat use. Snakes moved between successive 

locations 78% of the time and averaged moves of 93 m per day. Coachwhips 

utilized macrohabitats disproportionately to their availability. Of three available 

macrohabitats, coachwhips utilized open oak savannas and avoided pine 

monocultures and forested seeps. These snakes utilized microhabitats that 

offered the greatest concealment and protection from possible predators, which 

supports empirical evidence about the wariness of this species. Familiarity with 

their environment was demonstrated wherein individuals returned to previously 

used burrows in their large home ranges. Home range size was the largest 

reported for a snake species and was not correlated with mass or snout vent 

length. After an average of 25 locations and 68 days, home range size was 93% 

of maximum.
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INTRODUCTION

Spatial ecology of snakes has been less studied than that of most other 

vertebrates, probably because of their secretive nature (Brown and Parker 1976, 

Reinert 1993). However, numerous investigators have described habitat use of 

snakes (e.g. Reinert 1984, Weatherhead and Charland 1985, Burger and 

Zappalorti 1988, Secor and Nagy 1994, Secor 1995) with results sometimes 

differing among geographic populations within a species (Brown and Parker 

1976, Plummer and Congdon 1994). Most studies of habitat use have 

concentrated on microhabitat use, which refers to the use of particular structures 

at a specific location (Reinert 1993). Microhabitat use may be adaptive, related 

to the overall fitness of an organism, and could be due to changing prey 

abundance and/or availability (Burger and Zappalorti 1988, Reinert 1993, Martin 

1998). Another aspect of spatial ecology is the study of home range and 

movements. Home range is the area that a particular organism occupies and 

conducts its daily activities (Stickel and Cope 1947).

In eastern Texas, the coachwhip (Masticophis flagellum) is an abundant 

snake, thus providing an excellent opportunity to study the spatial ecology of a 

snake species. Coachwhips are large snakes with snout-vent length (SVL) up to 

160 cm in males and 152cm in females with tail ratios 22% to 28% of SVL and

l
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22% to 30% respectively (Wilson 1970). Coloration varies between and within 

each geographic location, but in eastern Texas the coachwhip is black or dark 

brown on the anterior half fading to a light tan color on the posterior half with a 

light venter and a tail with a braided whip-like appearance. Primarily terrestrial, 

individuals of this species are arboreal at times and most commonly found in dry, 

sandy soils (Axtell 1969, Clark 1949, Guidry 1953, Minton 1959). In eastern 

Texas they are primarily found in upland pine/oak forests and occasionally in 

lowlands (Guidry 1953, Minton 1959, Wilson 1970, Ford e ta l. 1991).

The coachwhip is a fast, active, diurnal snake with a streamlined body; it is 

known to reach speeds up to 5.8 km/h (Mosauer 1935, Secor and Nagy 1994). 

Activity is centered on food acquisition and breeding (Secor and Nagy 1994). 

These activities, especially food acquisition, are the most important activity any 

organism will take part in and these snakes must consume large amounts of food 

to maintain their relatively high level of activity (Secor and Nagy 1994). Vision 

and chemoreception are used to locate potential prey items, and when captured, 

prey are not constricted, but at an added energy cost they are actively 

manipulated and eaten headfirst (Ruben 1977, Tyler 1977, Jones and Whitford 

1989, Whiting et al. 1992, Secor 1995). A coachwhip’s feeding behavior and diet 

is typical of an opportunistic forager, consisting of a wide variety of prey, primarily 

lizards, but also including rodents and other small mammals, birds, frogs, 

snakes, insects and their larvae, eggs of various animals, and carrion (Hamilton 

and Pollack 1956, Carpenter 1958, Whiting et al. 1992, Small et al. 1994).
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Coachwhips may have an increased risk to predation because of their high 

amount of diurnal activity. Some predators include coyotes, foxes, and birds 

such as hawks and roadrunners (Earnst and Barbour 1989, Secor 1995). When 

threatened, coachwhips will attempt escape, but if cornered, will attack by striking 

and biting, and if handled, will release saliva/water and defecate matter from the 

cloaca (Gehlbach 1970). In rare cases death feigning has been observed, but is 

thought to be relatively uncommon in nature and assumed to be due to human 

handling (Gehlbach 1970, Smith 1975).

In the western portion of its range, this species is known as a thermal 

specialist. Body temperatures are maintained in a high, narrow range, usually 

between 30° and 35°C (Hammerson 1989, Jones and Whitford 1989, Secor 

1995). Snakes thermoregulate by moving to shade and into burrows to keep 

body temperature below excessively high surface temperatures (Secor 1995).

To keep their thermal maximum body temperature below 38°C, the coachwhip 

will stay in burrows or shade until surface air and substrate temperatures 

decrease to an acceptable level (Secor 1995). This behavior results in a bimodal 

pattern of activity wherein the snakes are active morning and evening, and carry 

out inactive thermoregulation at midday. This pattern continues until the 

seasonal maximum temperature is at an acceptable lower level to lose this 

bimodal period of activity (Secor 1995).
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OBJECTIVES

The objectives of this study were to:

1. Describe habitat use by the eastern Coachwhip in the east Texas 

portion o f its range.

2. Measure movement distance and rates and home range size.

3. Elucidate activity patterns.
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LITERATURE REVIEW

Studies of the genus Masticophis

As described by Wilson (1973), Masticophis is the genus referring to the 

whipsnakes. Masticophis flagellum is closely related to Coluber constrictor, and 

has been referred to as Coluber flagellum by some. Many placed them in the 

genus Coluber, but Wilson noted that doing so would be useless until a study 

would prove it necessary (Mosauer 1935, Wilson 1973, Secor 1995).

Seven subspecies of Masticophis flagellum have been described (reviewed 

by Wilson 1970, 1973). Masticophis flagellum is widely distributed throughout 

the United States and Mexico. Masticophis flagellum flagellum occupies the 

most eastern portion of the range, from South Carolina south to Florida, into 

eastern Texas, Oklahoma and Nebraska, with spotty locations in Tennessee and 

Kentucky. Masticophis f. testaceus ranges from western Nebraska, Oklahoma 

and Texas into Colorado, New Mexico and south into Mexico. Masticophis f. 

piceus occupies an area in south California, Nevada and Arizona and south into 

northern Mexico. Masticophis f. ruddocki is found only in a very small area in
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California whereas M. f. cingulum  occupies a small portion of Arizona, but is 

widely distributed in Mexico. Masticophis f. fuliginosys is found in south 

California and throughout Baja California Mexico. Masticophis f. iineatulus is 

found only in Mexico.

Reproductive information is limited but mentioned by many. For Masticophis 

f. fiagellum, Carpenter (1958) noted eggs laid on July 2, 7, and 17 in Oklahoma, 

Guidry (1953) on June 7, 14, and July 17 in Texas, and Clark (1949) noted a 

clutch as late as August 4, in Louisiana. Clutch size ranges from 4 to 16 per 

clutch. Eggs are deposited in burrows and under substrates such as logs, leaves 

and under the soil; the incubation period takes between 45 and 79 days and 

hatchlings range from 30 to 36 cm (Fitch 1970, Earnst and Barbour 1989).

Jones and Whitford (1989) observed and recorded the activity of 19 

Masticophis flagellum piceus in the Chihuahuan Desert of New Mexico from 

March to October. Mesquite and creosote bush were dominant vegetation at this 

locale, wherein the latter provides little “canopy” compared to the former. 

Coachwhips actively pursued prey and when captured, prey was not constricted, 

but manipulated alive and swallowed head first. Some prey escaped during this 

prey-handling period. Coachwhips were observed to actively pursue prey in both 

the mesquite (Prosopis glandulosa) and creosote bush (Larrea tridentata) 

habitats, however in mid-summer, prey were ambushed in mesquite habitat.

This type of feeding behavior resulted in higher capture success, reduced 

handling time and reduced loss of prey compared to more active prey pursuit.
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The authors thought that this ambush feeding behavior may result from shade 

seeking thermoregulatory behavior.

Secor conducted studies on field metabolic rates, thermoregulation and 

ecological aspects of foraging activity in Masticophis f. piceus (Secor and Nagy 

1994, Secor 1995). The study individuals were 6 males and 3 non-gravid 

females ranging from 67.7 to 106.3 cm SVL and 115 to 256 g body mass. Secor 

(1995) described common habitat associations of M. f. piceus in the Mojave 

Desert, which included sandy soils with dominant vegetation that provided little to 

no canopy cover.

Secor (1995) found M. f. piceus hibernated until March, when an increase in 

air and sun exposed sand (surface) temperatures caused body temperatures to 

increase to about 30°C, at which the animal emerged from hibernation. Body 

temperature ranged from 30 to 35°C during the months of April to September.

As surface temperature increased, so did body temperature, but body 

temperature was maintained slightly higher than surface temperature. M. f. 

piceus usually started to forage when air temperatures exceeded 30°C. Up to 

midsummer they were active all day, when surface temperatures increased 

above 50°C Masticophis retreated to relatively cool burrows until environmental 

temperatures returned to an acceptable level. In October, when seasonal 

temperatures began to fall, so did body temperatures and the animal entered 

hibernation with a body temperature of about 28°C.
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Radio-transmitters were surgically implanted in these snakes, and they were 

located several times each week. Activity was recorded as active or inactive and 

the type of activity was described (e.g., inactive in burrow). Movements were 

recorded as how far the snake traveled in a 24-hour period and frequencies of 

movement were recorded as well. Activity patterns appeared to be responsive to 

environmental temperature (Secor and Nagy 1994). Secor (1995) found that 

Masticophis occupied an average home range of 53.4 ha with an average daily 

movement of 186 m and a high movement frequency (days moved/days 

monitored). No relationship between sex or mass and activity range was found, 

and Secor (1995) noted that the average home range did not significantly differ 

from that of Macartney et al. (1988) findings. As a result of high activity and 

active foraging methods, Masticophis was able to consume large amounts of 

food to compensate for high rate of energy consumption (Secor and Nagy 1994).

Hammerson (1989) investigated temperature effects on three Masticophis 

flagellum piceus coachwhips in an artificial habitat in California using radio 

telemetry. Individuals were kept in a 3.5 x 3.5 m enclosure with a variety of 

habitat features such as shrubs and burrows. One individual was studied from 

July to September and two individuals from June to July.

Body temperature at emergence was greatest during the hottest parts of the 

year when the nighttime temperatures were high; also, body temperature was 

correlated with deep burrow temperature. Mean soil temperature at emergence 

was about 33°C. Masticophis f. piceus underwent head basking until the body
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temperature reached a mean of 21 °C, presumably to warm the central nervous 

system. After head basking, full body basking followed and body temperature 

rapidly increased to a mean of 31.8°C and daily activities took place until body 

temperatures decreased to a mean of 30.4°C. At this point, M. f. piceus returned 

to underground burrows for the night at a range of 25-35°C. The warmest soil 

temperature recorded was 36.6°C at the time of nightly retreat. Activity 

temperatures were rarely below a body temperature of 28°C, which was very 

close to Secor*s (1995) findings.

Hammerson (1989) also found that a correlation existed between body 

temperature and burrow temperature, the temperature to the onset of activity and 

retreat temperatures. Generally, activity began with increasing air and substrate 

temperatures, activity was bimodal when air temperatures exceeded 35CC and 

substrate temperatures 50°C; activity resumed in the evening when temperatures 

fell below these maximums. Masticophis f. piceus thermoregulated by retreating 

to a burrow and moving in and out of shade. Individuals appeared to be most 

active when air temperatures were about 35°C and were rarely noted to be active 

when body temperatures were below 28°C. Prey was usually captured at high 

body temperatures. Locomotor activity seemed to decrease after prey 

consumption; defecation occurred 2-4 days after feeding. Coachwhips always 

basked in the morning, foraged during the day, retreated to a refuge when 

temperatures were above the thermal maximum or if temperatures were 

decreasing due to the onset of night and always retreated to burrows at night.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10

Swaim and Mcginnis (1992) examined habitat characteristics of Masticophis 

lateralis euryxanthus in California where dominant vegetation consisted of 

chaparral and coastal scrub. This subspecies was typically found in open 

canopy scrub habitat and occasionally in grasslands and oak woodlands. Rock 

outcrops were typically used as cover; vegetation and slope provided adequate 

thermoregulatory conditions and these diurnal snakes fed primarily on western 

fence lizards (Sceioporus occidentalis).

Spatial Ecology of Other Snake Species

In a pioneering study, Fitch and Shirer (1971) examined spatial ecology of a 

small sample of prairie kingsnakes (Lampropeltis calligaster), black rat snakes 

(Elaphe obsoieta), copperheads (Agkistrodon contortrix), timber rattlesnakes 

(Crotalus horridus), garter snakes (Thamnophis sirtalis), pine snakes (Pituophis 

melanoleucus), northern water snakes (Natrix sipedon) and racers (Coluber 

constrictor) using radio telemetry. Transmitters were palpated into the stomach 

and in one instance, surgically implanted into the abdomen. Transmitters were 

large, encompassing up to 27% of body mass of some individuals. Snakes were 

located once per day from 1966 to 1968 on the Kansas Natural History 

Reservation. These investigations demonstrated that movement and habitat use 

varied among the different species of snakes. They also demonstrated that 

home range size and shape differed over time, in terms of months and years,
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and among and within individuals. This study also showed that radio telemetry 

was an extremely useful tool to determine how an individual utilizes its habitat 

and it enabled observers to identify variables that are important to snakes in the 

utilized habitat.

Brown and Parker (1976) examined movements of racers (Coluber 

constrictor) in a desert habitat in Utah. Thirteen females were tracked using 

radio telemetry to determine movements; males were too small to carry a radio- 

transmitter. Recapture records of males provided dispersal distances from 

hibernacula. Results indicated that dispersal distances were highly variable 

ranging from 8 m to 1500 m from one den and a maximum dispersal distance of 

1800 m from another. They concluded that C. constrictor utilizes a “home” den in 

Utah because 93% of the individuals in this study returned to the same den while 

only 7% hibernated elsewhere. Movement distances from hibernacula for males 

averaged 781 m, female’s 663 m with a geometric mean of 383 m for all 

individuals. Females had a mean spring dispersal rate from hibernacula of 99.7 

m per day and once migration ended, movements were 30.6 m per day.

Home range for females averaged 0.4 ha but was corrected for bias to 1.4 ha. 

Three individuals were gravid, seven were not and there was an obvious 

difference of home range size due to their reproductive condition. The 7 non- 

gravid females occupied a larger home range compared to their gravid 

counterparts. Individuals in Kansas, studied by Fitch (1963) and Fitch and Shirer
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(1971), occupied a home range 7 times larger than that o f their Utah 

counterparts.

Plummer and Congdon (1994) radio tracked Coluber constrictor in South 

Carolina from July to October 1989. Home range of these snakes (12.2 ha) was 

considerably larger than the Kansas and Utah populations. Snakes were found 

in different locations 72% of the time and periods of inactivity were most often 

associated with ecdysis. As autumn approached, snake activity and arboreality 

decreased.

Plummer and Congdon (1994) compared their findings with that o f Fitch and 

Shirer (1971) and Brown and Parker (1976). Home range size and frequency of 

arboreality was considerably greater in South Carolina than in Utah and Kansas. 

Body size was positively correlated with arboreality in South Carolina. They also 

found no difference in home range size or movements per day in South Carolina, 

Kansas or Utah individuals in relation to SVL. Some geographic differences 

were present. Utah racers were smaller, less active, had shorter movements and 

occupied smaller home ranges than their Kansas and South Carolina 

counterparts. Utah racers were primarily insectivorous; Kansas’s racers were 

also insectivores but also ate vertebrates. South Carolina racers primarily 

preyed upon vertebrates (Plummer and Congdon 1994).

Burger and Zappalorti (1988) investigated habitat use by pine snakes 

(Pituophis melanoleucus) in New Jersey. Snakes were located every one to 

three days and upon location, distance to nearest vegetation, forest type, and
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degree of human disturbance and snake activity were measured. They found 

that overall activity was greatest in May, females were more active in June and 

males in August. These activity levels were associated with mating in May, 

females searching for oviposition sites in June and males returning to 

hibemacula in August. They compared data from tracked snakes to that of hand- 

captured individuals and random points, to determine if habitat use was 

nonrandom. Results indicate that pine snakes utilized the habitat in a 

nonrandom fashion, being found in dry, pine-oak habitat. Vegetation density at 

snake locations varied from sparse to dense, leaf litter and downed logs were 

utilized as retreat sites. Low tree density (moderately open canopy) provided 

sufficient sunlight for thermoregulatory purposes.

Weatherhead and Charland (1985) examined habitat utilization of the black 

rat snake (Elaphe obsoleta) in Canada from May to September in 1982. 

Individuals were located every day, except during rain. Vegetation 

characteristics, recorded at both snake locations and random points, included 

dominant herbaceous plants, woody vegetation, overstory and vegetation cover. 

In spring, individuals were found most often in open canopy sites of shrubs and 

low vegetation rather than more heavily forested areas. Late season habitat use 

was more evenly divided between field and forest sites, with no preference to 

open or closed canopy. Coniferous forests were not utilized in either season. 

Individuals were found in edge habitat more than expected based on availability 

on the landscape, presumably due to the abundance of prey and
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thermoregulatory basking sites in edge habitats. They suggested that frequency 

of occurrence in both edge and forested habitat coincide with the breeding 

season of birds. During the bird-breeding season, individuals were found more 

often in edge habitat; following the breeding season, individuals were equally 

distributed among the two habitats.

Durner and Gates (1993) studied spatial ecology of the black rat snake 

(Elaphe o. obsoleta) in Maryland. Home range, movement, seasonal habitat use 

patterns and habitat characteristics were evaluated. Home range areas for 

males were larger than females, but not significantly larger, until early June. 

Home range size was not correlated with sex or SVL, however, Canadian 

populations studied by Weatherhead and Charland (1985) did show sexual 

differences. Preferred habitat, as in Weatherhead and Charland (1985), included 

herbaceous/brush, edge, and hedgerows, more so than forested areas, which 

were used as retreat sites. Individuals were not found in areas with little 

protection from predators such as low cover, crop fields, roads, and sparsely 

vegetated areas).

Several significant differences in habitat use between seasons were found in 

this population. An increased use of hayfields and hedgerows and a reduced 

use of residential areas by females occurred in the late season. Increased use of 

herbaceous/brush areas by males and reduced use of forest by both males and 

females occurred in the late season. Movement distances were not different 

between males and females. However, male movements decreased in the latter

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



15

part of June and were associated with the end of the breeding season. Female 

movements increased in the latter part of June and were attributed to search 

efforts for oviposition sites.
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JUSTIFICATION

Little has been published regarding Masticophis flagellum  in the southeastern 

United States. Most research on this species has been conducted in the western 

US, primarily in California and New Mexico. These studies focused on thermal 

biology and energetics. Past research regarding habitat structure and utilization 

was conducted in desert scrub habitat, which is a strikingly different environment 

than that of the eastern forest. Little is known of the eastern subspecies, 

Masticophis flagellum flagellum; the literature is restricted to range extension 

records and herpetofaunal diversity studies.

Reinert (1993) stated “the highest priority endeavors in habitat studies must 

be the accurate and unbiased description of the required habitat of the many 

rapidly declining snake species.” However unbiased, accurate, in-depth studies 

should be conducted on all species to fully understand concepts of species 

richness, species interaction and many other ecological and physiological 

processes leading to the development and sustenance of biodiversity. In the 

process of collecting information on the many different organisms, we may then 

begin to understand and make sound judgements on management practices for 

threatened and/or endangered species. For this reason and those stated above, 

this project was conducted.

16
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METHODS

Study Area

The study site, known as “Tonkawa Sands,” is located in Nacogdoches 

County, 25 km north of Nacogdoches, Texas. Topographic relief is minimal with 

microelevations that range from 133 to 216 m above sea level with 0 to 35% 

slopes, most between 1 and 8% (Dolezel 1980). Soils at this site are classified 

as sand or fine sand, with 5 to 10% clay, which exceed 80 inches in depth and 

are taxonomically placed in the thermic class, coated Typic Quartzipsamments 

(Dolezel 1980).

Upland xeric sandy areas, with a poorly developed overstory, were dominated 

by Bluejack Oak (Quercus incana) and Post Oak (Quercus stellata) and 

classified as an oak savanna. The oak savanna typically had abundant ground 

cover vegetation of grasses, forbs and woody vines. Lower elevation mesic 

areas, such as forested seeps commonly held Red Maple (Acer rubrum), Sweet 

Bay Magnolia (Magnolia virginiana), Sphagnum moss and various species of 

ferns within a well-developed canopy. Planted pine stands dominated the study 

area and consisted primarily of closed canopy Loblolly Pine (Pinus taeda) 

monocultures with little ground layer vegetation.

17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

The study site is privately owned by a timber company and leased as a 

hunting club. Human disturbed areas on the site consist of open areas used as 

food plots for deer, oil well sites, unimproved roads, a gas pipeline corridor and 

an electric power line corridor.

Radio Telemetry

Transmitters

Temperature sensitive radio-transmitters (50mm x 11mm x 5mm) with a 

44 cm whip antenna, were sub-cutaneously implanted in snakes following 

procedures described by Weatherhead and Anderka (1984) and Reinert and 

Cundall (1982). One individual was implanted with a smaller, non-temperature 

sensitive transmitter (47mm x 8mm x 5 mm, antenna 35 cm), because of the 

smaller size of the animal. Transmitters were less than 2% of each individual’s 

body mass, well below the maximum 10% of body mass recommend by 

Lutterschmidt (1994) (Table 1).
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Table 1: Sex, size, weight, transmitter weight, and % of body mass 
represented by transmitters of coachwhips in our study._________

Individual Sex SVL (cm) Snake 
Mass (g)

Transmitter 
mass (g)

% of body 
mass

103 M 109.2 332.2 6.2 1.9
151 F 104.8 191.7 3.4 1.8
207 F 109.0 440.0 6.2 1.4
294 M 125.7 531.2 6.2 1.2
368 M 114.3 427.8 6.2 1.4
442 M 116.8 414.8 6.2 1.5
502 M 134.6 700.0 6.3 1.3
582 M 112.4 480.0 6.2 1.3
643 M 152.0 1030.0 6.3 0.6
716 F 118.7 343.0 6.1 1.8

Snakes

Ten individuals, seven males and three females, were captured between 27 

March and 21 June 2000 by funnel traps already in place and monitored by the 

US Forest Service. Individuals were brought back to the SFA Herpetology lab 

and were weighed, measured, and sex was determined following methods 

described by Fitch (1960). Individuals ranged from 191.7 g to 1,030 g and 104 to 

152 cm SVL and were held in the laboratory a minimum of 7 days post surgery 

for recover time (Table 1, Table 2). Snakes were released at the original point of 

capture and relocated at least 3 to 4 times per week from 18 April through 19 

October. One individual (#151), a gravid female, was kept in the lab until she 

oviposited (Table 2).
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Table 2: Information regarding date o f capture, surgery, release and 
fate o f individual snakes. Date in parenthesis indicates last data point.

Individual Capture
Date

Surgery
Date

Release
Date

#  Field 
Days Fate

103 5/28 6/13 6/29 111 End Study (10/19)
151 5/23 6/30 7/7 83 Predation (9/28)
207 3/27 4/4 4/17 112 Sick (8/7)
294 5/9 5/12 5/27 103 Predation (9/10)
368 5/29 6/13 6/29 112 End Study (10/19)
442 5/23 6/13 6/29 113 End Study (10/19)
502 4/18 4/19 4/28 88 Unknown (7/25)
582 4/11 4/12 4/19 75 Predation (7/3)
643 3/31 4/4 4/18 184 End Study (10/19)
716 6/21 6/30 7/7 87 Predation (10/5)

Relocation Methods

Due to the alertness of individuals of this species, special and careful 

relocation methods were utilized. An Advanced Telemetry Systems receiver 

(Advanced Telemetry Systems, Isanti, MN) and a three element hand-held Yagi 

directional antenna were used to relocate each individual. This equipment was 

used because of the long range of the receiver and high directionality of the 

antenna. Search techniques consisted of walking through the study area and 

driving on roads in an attempt to receive the transmitter signal.

Upon signal reception, the direction to the snake was determined by rotating 

the antenna in the direction of the loudest signal. When this direction was 

determined, the gain and volume were turned up to the maximum levels and the 

observer would walk in that direction. At about 100 m from the snake, the 

intensity of the pulses would suddenly peak with a nearly 10-fold increase in the 

intensity. At this point, the observer would slow his approach so as to locate
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individuals without disturbing them. Also, the gain was turned down to a point 

near the minimum level, which yielded an increase in direction discrimination. 

Here on, tracking proceeded very slowly, such that the observer would not 

disturb the vegetation, possible alerting the snake to the observer’s presence.

As the observer moved ever closer to the snake, the intensity of the pulses 

increased and the rate of approach gradually slowed as well.

When in the immediate vicinity of the snake (<10 m) direction location 

becomes very difficult. If the snake had not yet been located, the anterior end of 

the antenna was pressed to the ground in different directions. This dampened 

the signal, producing a significant difference in signal intensity when pointed in 

the direction of the snake. Another method used in the immediate vicinity of the 

snake was to remove the antenna from the cable. This significantly reduced the 

range of the receiver. This method was used periodically to determine how close 

the snake was in reference to the receiver/observer. If the receiver picked up the 

pulse, distance was very close and tracking rate was slowed down to a rate 

comparable to a crawl. At very close distances to the snake, a 5 to 10 meter 

radius, intensity may be indistinguishable. If the snake had not been spotted at 

this point, the cable could be removed and the receiver body used to track the 

snake. When the receiver picked up the pulse, distance to the snake was very 

close, usually within a 2-meter radius. If the snake was active, it had most likely 

been disturbed and retreated to safety. If the snake was not active, the retreat 

site (often a burrow) could accurately be located.
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Data Collection

Snake Locations

Snakes were relocated at a different time of day (only daylight hours) per 

search effort to minimize over-sampling for a particular time frame. Each time a 

snake was relocated, the site was recorded using a Trimble Geoexplorer II GPS 

unit. Data points were downloaded from the GPS unit to a PC and post

processed against the SFA base station for increased accuracy using Pathfinder 

Office software version 2.1 (Trimble Navigation Ltd., Sunnyvale, CA, USA). Field 

locations were then marked using wire pin flags upon which the snake’s 

transmitter frequency and date of location were recorded. These points were 

used to analyze movement data and determine home range.

Characteristics of the habitat at snake locations were recorded using a 

modification of a technique described by Martin (1998), in which habitat variables 

were recorded in a 1-m radius of each snake location (Table 3). Canopy cover 

was measured using a spherical densiometer (Higgins et al. 1994) and recorded 

in each cardinal direction. Density of the ground layer vegetation (visual 

obscurity) was measured in each cardinal direction by methods described by 

MacArthur and MacArthur (1961) using a density board consisting of a 1x1 m 

square with 10-decimeter squares alternating black and white. Vegetation 

density was measured as the distance from the snake location at which 50% of 

the density board was obscured. Basal area was recorded using a prism and
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divided into the categories of pine trees and hardwoods. Protective overhang 

was recorded as the presence or absence of cover above the snake, which might 

serve to protect/conceal individuals; this was divided into three subcategories: 

woody, herbaceous or both. Ground cover measured was percent bare ground, 

percent leaf litter, leaf litter depth (cm), percent vegetation less than 30 cm and 

greater than 30 cm, for a total of 100 percent (excluding leaf litter depth). The 

location o f the individual snake was recorded as on the surface, in a burrow or 

arboreal. The snake observed (noted by transmitter frequency), time of 

observation, date of observation, whether the location was a return to a 

previously used location (underground refuge), general habitat description, GPS 

file name, distance to the nearest tree and its species, as well as any comments 

regarding the observation, were also recorded.

Table 3: Data recorded in a 1 m radius at both snake and 
random locations. Random locations excluded Date, GPS 
file name, location, return to a previous location and time
of day. Asterisk (*) denotes those variables not recorded at 
random points._______________________________________

Habitat Characteristics Other
Basal Area Comments
Canopy Cover Date*
Distance to Nearest Tree GPS File Name*
% Bare Ground Location*
% Leaf Litter Individual Observed
Leaf Litter Depth Return to Previous Location*
% Vegetation < 30 cm tall Time of Day*
% Vegetation > 30 cm tall
Protective Overhang
Visual Obscurity
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Random Locations

Random locations were sampled to determine if snakes’ habitat use were 

random, or, if they were using certain types of micro- and macro-habitat in 

greater or lesser proportion to which was available. A random location was 

sampled for each snake relocation point. Random locations were chosen by 

using two random numbers tables. The first table fo r selecting a direction, 

ranged from 1 to 360, representing a compass bearing; the second, for selecting 

a distance, ranging from 1-300 m. Random locations were chosen by selecting a 

compass heading from the direction table and a distance from the distance table 

and proceeding the selected distance along the compass heading from the snake 

location. Direction and distance were chosen in the order they appeared on the 

sheet. Home range maps were printed for each snake and used to estimate 

where the observer was in the home range. If a distance appeared to place the 

random point out of the home range, the bearing was retained and a new 

distance was chosen from the distance table until a distance fit within the 

individual’s home range. The same habitat variables were recorded for each 

random point as at each snake location (Table 3).
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Analytical Methods

Habitat Use

Habitat data prior to 14 days post release were omitted from analysis to 

prevent any possible bias due to surgery or re-acclimation to the natural 

environment (Rudolph et al. 1998, Peterson et al. 1993). Statistical methods for 

microhabitat analysis followed procedures described by Sokal and R ohlf (1995) 

using Statistica 5.1 (Statsoft, Inc., Tulsa, OK, USA). Non-proportional data were 

analyzed using a two-way mixed-model ANOVA, with individual being a random 

factor and snake/random points a fixed factor and the dependant variable the 

microhabitat variable (e.g. distance to nearest tree).

All micro- and macro-habitat variables that were proportionally based (e.g. 

proportion of ground cover) were analyzed by compositional analysis (Aebischer 

et al. 1993) using Resource Selection Analysis Software by Fred Leban (1999 

Wildlife Resources, University of Idaho, Moscow, ID, USA).

Three macrohabitat types were identified on the study site and classified 

as follows:

1. Oak savanna: characterized as an open canopy woodland 

dominated by Bluejack Oak (Quercus incana) and Post Oak 

(Quercus stellata) with abundant ground layer vegetation.
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2. Pine monoculture: characterized as a closed canopy woodland 

dominated by loblolly pine (Pinus taeda) largely devoid of 

ground layer vegetation.

3. Mesic sites: located at lower elevations with significant 

hydrological influence and a closed canopy forest dominated by 

Red Maple (Acer rubrum), Sweet Bay Magnolia (Magnolia 

virginiana), Sphagnum moss and various species of ferns as 

ground vegetation.

Snake use of these macrohabitats were analyzed by determining the proportion 

of each macrohabitat type within the study area using Arc View 3.1 

(Environmental Systems Research Institute, Redlands, CA, USA) and random 

points within each individual’s home range. As a method to graphically represent 

macrohabitat use, a formula by Keller and Heske (2000) was used (£ f (Obsai — 

Availaj)/N where Obsai = the proportion of locations for individual i in habitat a, 

Avails the proportion of the habitat available to individual i that consisted of 

habitat a, and N = the number of individuals radiotracked.

Movement

All movement data prior to 14 days post release were omitted from 

analysis to prevent any possible bias due to surgery or re-acclimating to the 

natural environment (Rudolph et al. 1998). Movement was defined as the 

location of a snake at a site greater than 5 m from its previous relocation point.
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Movement was calculated as the straight-line distance between consecutive 

locations from 7 July to 10 September. Because individuals were not relocated 

every day, movement rates were calculated by two different methods described 

by Charland and Gregory (1995). The first method included both days 

movement occurred and did not occur, termed overall movement rate (OMR).

The second method included only those days the snake had moved, termed the 

actual movement rate (AMR) (Charland and Gregory 1995). In order to compare 

movement rates to the population of Masticophis flagellum studied by Secor 

(1995), the meander ratio (1.4 times the snake’s straight-line distance) was 

multiplied to east Texas movement rates. Movement frequency (number of 

movements/number of relocations) was also calculated in this same time period 

(Charland and Gregory 1995).

Home Range

Three different methods were used to analyze coachwhips use of space using 

the computer program CALHOME (Kie et al. 1996). Because of their widespread 

use in other studies, the minimum convex polygon (MCP) and the harmonic 

mean (HM) methods were used as a basis of comparison. Harmonic mean 

methods have been shown to be an inappropriate application of kernel-based 

methods, hence the adaptive kernel (ADK) method was used to accurately report 

home range (Worton 1987).
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Home range defined by Burt (1943) is an area transversed by an individual in 

its normal activities o f food gathering, mating and caring for young. Home range 

can shift, due to prey abundance, mating opportunities and availability of suitable 

habitat One problem with Burt’s (1943) definition is it does not include a specific 

time frame, such as one year, or one active season. In this study, the time frame 

constitutes all locations from the point of release until 19 October. Since no 

biological definition exists for normal activity, “normal” constitutes the area an 

animal is in 95% of the time, termed utilization distribution (UD) (Worton, 1987 

and White and Garrott 1990). Centers of activity (core activity area) are 

frequently used to define an area an animal is more frequently found in, 

compared to other portions of the home range (Worton 1987). These core 

activity areas are those areas an animal has a 50% probability of being found in 

at any give time (Worton 1987, Durner and Gates 1993, Johnson 2000). 

Therefore, computations of home range using harmonic mean and adaptive 

kernel methods were calculated for 95% and 50% activity areas in addition to 

100% areas.
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RESULTS

From 11 April and 21 June 2000, ten coachwhips were caught, implanted with 

radio-transmitters and tracked until 19 October 2000 yielding 336 snake 

relocations (Range: 24-62 relocations per snake) and a field season o f 184 days 

(x  = 106 days, n=9). All individuals lost weight during the study, which may have 

resulted from low environmental productivity due to low rainfall. The previous 

ten-year average (1989-1999) of rainfall from July to October was 10.4 cm, 

almost 3.5 times more than that of 2000 (3.0 cm) (SFA Weather Station data, Dr. 

Paul Risk, Department of Forestry). Although minor weight loss may be normal 

during drought years, one individual (#207) lost more than 45% of its body mass 

(Table 4). It has been shown in mammals and reptiles that animals may not 

behave normally when sick or when deprived of food and water (Bernheim and 

Kluger 1976, Reynolds and Covert 1977, Kluger 1978 and Dunlap 1995), 

therefore, data obtained from this individual were not used in analysis due to this 

possible bias. The remaining individuals were tracked until the study ended or 

the snake was lost due to predation or unknown causes (Table 2).
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Table 4: Sex, snout-vent length (SVL) and mass data for radio tracked 
individuals. Two individuals were depredated before mass could be re-measured 
(151 and 582) and one individual (502) was not recaptured.__________________

Individual Sex SVL (cm) Capture 
mass (g) Final mass (g) Total mass 

lost (g) % mass lost

103 M 109 332 275 57 17.2
151 F 105 192 - - -

207 F 109 440 233 207 47.0
294 M 126 531 432 100 17.9
368 M 114 428 400 28 6.6
442 M 117 415 321 93 22.5
502 M 135 700 - - -

582 M 112 480 - - -

643 M 152 1030 890 140 13.6
716 F 119 343 342 1 0.4

Habitat Use

We define the study area as the minimum convex polygon area bounded 

by the outermost relocation points of all snakes. This circumscribed an area 

within which our snakes were moving and selecting sites from the available 

habitats. Habitat selection occurs in two stages, first use of a home range within 

an arbitrarily defined study area and second deals with differential use of habitat 

types within the home range (Aebischer et al. 1993). The study area was 

composed of 16% forested seeps, 34% oak savanna and 50% pine 

monocultures. Compositional analysis revealed that macrohabitat proportions 

within the snakes home ranges differed significantly from the macrohabitat 

proportions available within the study area (A=0.2090, P<0.001). Pairwise 

comparisons of macrohabitat types, based on the macrohabitats of snake
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locations versus random points, indicated that home ranges included significantly 

more oak savanna than pine monocultures (t=4.1285, df=8, P=0.0033) and 

forested seeps (t=4.1269, df=8, P=0.0033) based on proportions available in the 

study area. Furthermore, snake home ranges had significantly more pine 

monoculture than forested seep macrohabitat (t=3.2178, df=8, P=0.0123).

Because home ranges may contain large portions of unutilized habitat, 

further analysis was carried out to determine if snakes were utilizing certain 

macrohabitat types within their home range. Coachwhips were more often 

located within oak savanna habitats (n=256) than pine monocultures (n=24) and 

forested seeps (n=2) (Fig. 1). Compositional analysis revealed that snakes 

utilized macrohabitats significantly differently than available within their home 

ranges (A=0.2433, P<0.05; Fig. 2). Pairwise comparisons indicated that within 

their home ranges, coachwhips utilized oak savannas disproportionately more, 

than pine monocultures (t=4.6998, df=8, P=0.0015) and forested seeps 

(t=2.3639, df=8, P=0.0457). No significant difference was detected between pine 

monocultures and forested seeps (t=1.1270, df=8, P=0.2924).
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Fig. 1. Number of snake locations in each of three
macrohabitat types at the Tonkawa Sands study area 
in Nacogdoches county Texas.
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Fig. 2. Values of a selection index (Keller and Heske 2000) 
for habitat use by coachwhips in macrohabitat types 
located at the Tonkawa Sands study area in Nacogdoches 
county Texas.
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To determine if snakes used certain microhabitat parameters in different 

proportions than their availability in their home ranges, random points within each 

individual’s home range were compared to snake locations. Of all microhabitat 

variables, only pine basal area, the presence of protective overhang, the 

presence of woody protective overhang and those with both woody and grass 

protective overhang were significant (Table 5). Basal area, analyzed using a 

two-way ANOVA, indicated that pine basal area at snake locations was 

significantly less than those of random points (P=0.004). These results support 

the findings of macrohabitat analysis wherein coachwhips avoided areas of pine 

monoculture. The presence of protective overhang at snake locations was more 

likely to occur at snake locations than randomly distributed throughout the 

environment (P=0.001, Table 5). However, upon further analysis of protective 

overhang, the presence o f woody overhang was found more often at random 

points than at snake points (P=0.029), suggesting that this type of cover is more 

abundant than the other types of cover. The utilization of micro-sites that had 

both woody and herbaceous vegetation as cover was found significantly more 

often at snake locations than randomly distributed throughout the environment 

(P=0.022, Table 5). The presence of grass as a source of protective cover 

approached significance, and may be important even though no significant 

difference was found (P=0.056, Table 5).
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Table 5: Mean values for microhabitat variables and their 
significance level. A significant difference was defined as P<0.05
and designated by an asterisk (*).____________________________

Snake Locations Random Points P
Canopy Cover (%) 0.456 0.438 0.602
Visual Obscurity (m) 11.562 11.301 0.857
Basal Area Pine 3.076 6.158 0.004*
Basal Area Oak 4.517 4.411 0.897
Distance to tree (m) 3.712 4.164 0.244
Leaf Litter Depth (cm) 1.461 2.033 0.058
Protective overhang: 0.688 0.219 0.001*

PO: WOOD 0.443 0.712 0.029*
PO: GRASS 0.482 0.275 0.056
PO: BOTH 0.075 0.012 0.022*

Proportion of four categories o f ground cover (bareground, leaf litter, 

vegetation <30cm, vegetation > 30 cm) was analyzed using compositional 

analysis (Aebischer et al. 1993). Analysis of these data indicates microhabitat 

was not used in proportion to its availability (X=0.2529, P<0.05). Pairwise 

comparisons indicate that microsites having vegetation greater than 30 cm in 

height were used significantly more than both sites with bareground (t=3.4060, 

df=8, P=0.0093) and sites with vegetation less than 30 cm in height (t=2.6612, 

df=8, P=0.0287). No significant difference was detected between vegetation 

greater than 30 cm in height and leaflitter (t=2.2131, df=8, P=0.0578). However, 

vegetation greater than 30 cm in height may play an important role in 

microhabitat use since these values approached significant greater levels than 

leaf litter.
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Movement

Snakes returned to previously used underground refugia within their home 

ranges 19% of the time (0-30%, n=9), indicating familiarity with their environment 

(Table 6). Individuals also used refugia previously used by other individuals, but 

no two radio-tracked individuals were found to occupy the same refuge at the 

same time. Individuals were surface active on the ground 28% of the time, 

arboreal 11 % of the time and in underground refugia 61 % of the time (Table 6).

Table 6: Activity percentages for individual snakes and population means.
Individual: 103 151 294 368 442 502 582 643 716 MEAN

% Found on Surface 36 42 42 14 21 19 20 25 35 28
% Found in Tree 6 8 0 9 21 14 33 11 0 11
% Found in refugia 58 50 71 77 59 62 47 64 65 61

Return to refugia 19 0 30 20 21 22 30 10 17 19

Snakes moved an average of 73 m/day OMR and 93 m/day AMR (Range: 

53-133, n=7) and movement occurred 78% of the time (Range: 50-95, n=7). The 

mean minimum distance an individual moved was 37 m (n=7) and ranged from 6- 

96 m; the mean maximum distance an individual moved was 653 m (n=7) and 

ranged from 400-1084 m (Table 7).
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Table 7: Rate and frequency of movements of Individual coachwhips from 7 
July to 10 September. Overall movement rate (OMR) is calculated as the 
sum of the distances moved divided by the total number of days. Actual 
movement rate (AMR) was calculated as the sum o f the distances moved 
divided by the number of days movement occurred. OMR and AMR were 
re-calculated using the meander ratio (mr) described by Secor (1995) to 
offer comparability. Frequency of movement, minimum and maximum 
movements are listed.
Individual OMR AMR OMR w/mr AMR w/mr Frequency Min Max

103 65 74 91 103 88% 28 302
151 60 76 83 107 78% 6 526
294 133 177 186 248 75% 96 781
368 55 110 77 155 50% 26 1046
442 67 70 93 99 95% 21 400
643 53 77 74 108 69% 51 1084
716 69 88 96 123 79% 32 435

MEAN: 73 93 100 134 78% 37 653

Home Range

Listed in table 8 are the results of home range analysis. Coachwhips 

occupied large home ranges (100%, 95% UD) that had small core (50%) activity 

areas (Table 8). These 100% home range areas are the largest reported for a 

snake species. Further analysis, which included 95% of all locations (UD), still 

resulted in large home ranges t lia t were roughly 60% the size of the 100% home 

range (Table 8). The largest re ported mean home range estimate of a snake 

species (70.4 ha) was obtained by 100% UD of the MCP method. The 100% UD 

calculated by the HM method w ss  64.6 ha, the 95% UD was 38.3 ha, which is 

59% of the 100% home range. The ADK method, a more appropriate method for 

calculating home range according to Worton (1987), yielded a home range o f
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133.1 ha (100% UD) and 84.9 ha (95% UD). Similarly to the HM method, the 

ADK method using 95% UD was 64% of the original 100%. The core activity 

area, designated by containing 50% of the locations, was 2.2 ha (HM) and 13.6 

ha (ADK); both 10% or less o f the original 100% home range.

Home range was not correlated with mass (P=0.63, r= -0.22, n=7) nor was

home range correlated with snout-vent length (P=0.76, r=-0.15, n=7) using

individuals tracked between 7 July to 10 September. Overtime, home range size

increased as the number of locations increased, and was greater than 80% of

final home range after an average 25 locations over 68 days (Table 9, Fig. 4, 5).

Table 8: Home range (ha) for all individuals. Individual is the 
snake and the utilization distribution is the percentage of 
locations in the home range. MCP is the minimum convex 
polygon method, HM is the harmonic mean method and the 
ADK is the adaptive kernel method for calculating home range.

Individual
MCP
100%

HM
100%

HM
95%

HM
50%

ADK
100%

ADK
95%

ADK
50%

103 23.9 20.2 20.2 2.0 45.1 45.1 4.2
151 32.8 46.8 17.6 1.8 97.7 40.6 7.3
294 49.0 77.7 49.5 1.7 96.8 39.7 2.4
368 26.0 38.9 14.2 0.3 36.9 17.0 0.6
442 19.1 32.3 20.0 1.3 47.3 29.1 5.6
502 142.1 41.8 40.2 2.1 224.1 181.6 21.5
582 56.2 77.0 24.0 1.8 143.9 50.1 8.9
643 268.4 227.4 142.3 5.7 470.4 328.3 68.8
716 16.1 19.4 16.6 2.7 35.9 33.0 3.5

MEAN 70.4 64.6 38.3 2.2 133.1 84.9 13.6
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Figure 3: Home ranges (minimum convex polygon, 100% utilization 
distribution) for all individuals showing extensive overlap.
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Table 9: Percent of home range greater than 
80% of maximum and the number of locations to 
reach this point.____________________________
Individual #  Locations Days % of home range

103 23 62 93%
151 17 53 80%
294 29 54 88%
368 19 91 94%
442 34 99 100%
502 23 66 99%
582 24 39 86%
643 41 98 98%
716 19 53 97%

MEAN 25 68 93%
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Figure 5: Home range size of Masticophis flagellum  individuals as a function of the number of 
locations for three individuals with a home range greater than 50 ha.
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DISCUSSION

In eastern Texas, coachwhips used oak savanna disproportionately more 

frequently than is reflected by its availability on the study area and within the 

snakes’ home ranges. These oak savannas are found on xeric sandy upland 

sites and have a dense ground layer of vegetation within an open canopy forest 

of bluejack oak and post oak. The disproportions! use of this macrohabitat could 

be due to one or several reasons such as thermoregulation, predator avoidance, 

and prey availability.

Coachwhips are known to be thermal specialists (Hammerson 1989,

Jones and Whitford 1989, Secor 1995) and oak savanna macrohabitat may 

provide conditions allowing them to effectively thermoregulate. These conditions 

are most likely provided by an absence of a well-developed canopy, which 

permits sunlight to penetrate to the surface, yielding a mosaic of substrate 

temperatures. Swaim and McGinnis (1992) found Masticophis lateralis 

euryxanthus in California to occupy similar open canopy communities, which 

offer a mosaic of sun and shade for thermoregulation. The chaparral and coastal 

scrub communities of California differ from the oak savanna of east Texas, 

however, the structure of the habitat is probably more important than the species 

of vegetation encountered (Burger and Zappalorti, 1988).
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The oak savanna environment that east Texas coachwhips utilized may 

be important for thermoregulation, but it also likely provides a habitat of high prey 

density. Coachwhips are known to feed on orthopterans, lizards, and small 

mammals whose availability undoubtedly increases with increasing amounts of 

ground cover vegetation (Parajulee et al. 1997, Warrick et al. 1998, Windberg 

1998).

The ground cover vegetation of oak savannas also may be important for 

protection from predators. Active species incur higher predation risks because 

movement can attract unwanted attention (Plummer and Congdon, 1994, Secor 

1995, Plummer and Mills 2000>. Coachwhips in east Texas were found to utilize 

microhabitats that offered great concealment. In the open canopy oak savanna 

coachwhips often were found in  dense grass beneath protective overhangs. 

Snakes utilized these microhat>itat sites in greater proportion than their 

availability within the study area. When found in areas with less herbaceous 

ground cover, such as areas w ith  greater tree density, coachwhips often utilized 

sites beneath low hanging tree limbs.

As further evidence of t i ie  importance of concealing vegetation for 

predator avoidance, our experience in relocating these snakes was that when 

sensing our presence they would climb trees, descend mammals burrows, or 

hide beneath other concealing objects. In fleeing to these refugia, the snakes did 

not take the most direct route, rather they took routes that offered the greatest 

concealment.
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Coachwhips in east Texas exhibited a pattern of frequent, long distance 

moves, sometimes exceeding a straight-line distance of 1 km in a 24-hour period. 

Secor (1995) found that coachwhips in the Mojave Desert did not move in a 

straight line, but rather moved in a meandering fashion that resulted in a total 

distance moved of 1.4 times the straight-line distance. Thus for comparison, the 

OMR and AMR of east Texas coachwhips were recalculated using Secoris 

meander ratio (Table 7). Using the meander ratio, our estimate of the movement 

rate of east Texas coachwhips approached those observed in the Mojave Desert 

(Table 10).

Table 10: Comparison of movement rates by Masticophis in the 
Mojave Desert (Secor 1995) and Texas. The Texas population was 
calculated with and with out the meander ratio (mr).______________

Study Average movement Longest Move
Masticophis in TX w/o mr 93 m/day
Masticophis in TX w/mr 134 m/day >1 km
Masticophis in Mojave w/mr 186 m/day >1 km

Movement may be associated with reproductive behavior; however, most 

of our data were collected during the summer, presumably after the mating 

season. Thus, the abundance and distribution of prey may be the primary factor 

governing movement in our snakes. If prey is frequently encountered in the 

habitat, movements may be short, but if prey is widely dispersed and patchily 

distributed, frequent long distance movements between prey patches may be 

necessary (Gregory et al. 1987, Macartney et al. 1988).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



45

The high degree o f movement activity, through frequent long distance 

moves, resulted in the largest MCP home range reported for a snake species. In 

east Texas, coachwhips occupied a larger mean home range (70.4 ha, 100% 

MCP) than those in the Mojave Desert (57.9 ha, 100% MCP; Secor 1995). In 

contrast, east Texas coachwhips’ 95% activity area (38.3 ha, HM) was 

considerably smaller than those in the Mojave Desert (53.4 ha; Secor 1995).

Home range size was large for east Texas coachwhips using three 

different estimators (Table 8). However, these home ranges contained large 

areas of unutilized or underutilized habitat. W ithin their home ranges, 

coachwhips used oak savanna macrohabitat more than expected based on its 

availability; hence, they underutilized pine monocultures and forested seeps.

The coachwhips’ high degree of movement activity, wherein individuals returned 

to previously occupied patches of oak savanna and repeatedly used the same

underground refugia (x  = 19%; Table 6), indicates a high degree of familiarity 

with their environment.

This frequent repeated use of the same oak savanna patches resulted in 

small 50% core activity areas (2.2 ha HM, 13.6 ha ADK), which represented 10% 

or less of the full home range size (100% UD). These core activity areas were, in 

all cases, areas of preferred oak savanna macrohabitat that were patchily 

distributed within the snakes’ home ranges. These areas must have provided 

resources essential to the coachwhips, which may explain the high degree of 

overlap among different snakes’ home ranges; individuals often were found in
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close proximity to one another and at times used the same refugia (but not 

simultaneously). The essential resource at these sites was most likely an 

abundance of prey, which is required for this species to support its high energetic 

needs (Ruben 1977, Secor and Nagy 1994). The patchy availability of suitable 

macrohabitat and/or low availability of optimal refugia within these macrohabitat 

patches may best explain the frequent long distance movements, large 100% 

home ranges with small core activity areas, and repeated use of underground 

refugia within the home ranges.

In summary, coachwhips in east Texas occupied patchily distributed oak 

savannas more than expected based on their availability in both the study area 

and within their home ranges, resulting in the underutilization of pine 

monocultures and forested seeps. Furthermore, coachwhip microhabitat use 

was correlated with macrohabitat use. They used microhabitats that had 

significantly fewer pine trees than random points, which was consistent with the 

finding that pine monoculture macrohabitats were used less than oak savannas. 

The snakes were found to use microhabitats with significantly more herbaceous 

vegetation greater than 30 cm tall than was available within their home ranges. 

This result also is consistent with the macrohabitat analysis: pine monocultures 

lacked the dense ground layer of vegetation that was present in the oak 

savannas.

Coachwhips demonstrated the ability to move long distances in short 

periods of time. This resulted in the largest MCP home range (x  = 70 ha)
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reported for a snake species. However, 50% core activity areas were 

surprisingly small. These large home ranges, but small core activity areas, may 

be a result of their preferred habitat, oak savanna, being somewhat patchily 

distributed in this landscape.
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