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ABSTRACT

Timber rattlesnakes (Crotalus horridus) in Gage County, Nebraska were observed over 

two complete seasons using field observations and radio telemetry. Seasonal activity 

began with emergence from hibernation in early spring followed by a substantial period 

of inactivity while awaiting completion of ecdysis. In late spring, after the first shed of the 

year, male and non-gravid female snakes immediately migrated to foraging areas where 

they remained throughout the summer. All food items identified were mammals. Gravid 

females occupied habitats that provided security and rarely left these habitats. With the 

onset of fall weather, a migration back to the vicinity of winter hibernacula was observed. 

During mid-October, snakes retreated into dens, where they remained until the following 

spring. Den sites were generally located in rocky, limestone ledges that faced a 

southerly direction. Woodpiles and houses of eastern wood rats (Neotoma floridana) 

were used for areas of cover and security during ecdysis, including the period 

immediately following spring emergence. Summer activity areas were varied and 

included woodlands, pastures/prairies, and agricultural fields. Migrating snakes were not 

restricted to woodland corridors when shifting activity areas and often traveled through 

agricultural fields. The geographic distribution of timber rattlesnakes in Gage County is 

restricted to the occurrence of adequate hibernacula and is mainly along the Big Blue 

River and some of its tributaries from Wymore, Nebraska to the Kansas border. Size 

classes are normally distributed in this population, however, the mean length is smaller 

than elsewhere in the range. This may be indicative of population reduction events in 

the recent past. Reduction events still pose a potential threat to the existence of timber 

rattlesnakes in Gage County, however, the primary threat at this time is the 

encroachment of red cedar (Junipens virginiana) trees on den sites.
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INTRODUCTION

The timber rattlesnake (Crotalus horridus Linneaus, 1758) has a rich history in 

the United States, dating back to colonial America. It was the first rattlesnake described 

from the New World, and it is the species that appears on the Gadsden Flag bearing the 

motto “Don’t Tread on Me”. It is also the only species of rattlesnake whose range 

includes the old-growth deciduous forests of the eastern United States. While C. 

horridus had been persecuted by European settlers since they initially arrived in the New 

World (Palmer, 1992), recent threats have exceedingly reduced both population 

numbers and suitable habitat (Brown, 1993). Currently, a major conservation effort is 

under way which will conclude with a document known as the Timber Rattlesnake 

Conservation Action Plan (TRCAP) (Earl Possardt, USFWS, pers. comm.). The TRCAP 

requires accurate biological data for C. horridus throughout its range and will not be 

complete without data from Nebraska.

The present range of the timber rattlesnake extends from southeastern Nebraska 

south through Texas and includes nearly all states east of this line (Conant and Collins, 

1998) (Fig. 1). The timber rattlesnake’s habitat varies throughout its range, but it is 

primarily a resident of mature deciduous forests with sparsely-vegetated rocky 

outcroppings, which it uses for hibernacula. Apparently, the timber rattlesnake has 

never existed in Delaware and Michigan, and it is now extinct in Rhode Island, Maine, 

and Ontario, Canada (Brown, 1993). In Nebraska, records of C. horridus exist from five 

counties: Cass, Richardson, Pawnee, Gage, and Jefferson (Lynch, 1985) (Fig. 2).



F:g 1 Map of the eastern United States depicting the current known distribution of 

Crotalus horridus. Eastern, western, and southern variants are depicted (modified from 

Tynmg and K-mball. eds , 1992)
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The population in Cass County is believed to have been extirpated since the 1970s 

(Lynch, 1985). Of the remaining counties, Gage County has the largest known 

population (John Lokke, pers. comm.).

Prior to my study, observations of natural history as well as adequate population 

data were unavailable for C. horridus in Nebraska. Although certain general information 

discovered during radiotelemetric studies in New York (Brown et al., 1982), 

Pennsylvania (Galligan and Dunson, 1979), and New Jersey (Reinert and Zappalorti, 

1988) may have relevance to Nebraska’s population, specific observations regarding 

seasonal habitat preferences, migration patterns, and behaviors are different. In 

Nebraska, the timber rattlesnake reaches the northwestern extreme of its range. 

Available habitat is sub-optimal, and opportunities for geographic expansion and large 

population increases are virtually nonexistent. Nebraska’s timber rattlesnakes must 

therefore maintain a population that is in precise balance with the available resources.

The goals of my project were to investigate the seasonal activity, geographic 

distribution, and natural history of timber rattlesnakes in Gage County, Nebraska. 

Observations of population size and structure, sex ratio, growth, reproduction, migration 

patterns, habitat and subhabitat preferences, food preferences, and phenology were the 

principal focal points of the study. Although a thorough study of life history requires 

substantially more than two seasons, I believe the information presented here will 

provide a sound foundation for future conservation efforts of C. horridus in Nebraska. 

Additionally, these observations will contribute to creating a more complete range-wide 

biological profile of this species of rattlesnake.
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MATERIALS AND METHODS 

Study Site

Gage County is located in southeastern Nebraska and lies entirely within the 

Great Plains region. It is approximately 38.6 km (24 mi) wide by 57.9 km (36 mi) long 

and borders Kansas at its southern extreme. Historically, Gage County was landscaped 

by grassland habitats, and trees grew only on the slopes and bottomlands along the 

streams. Presently, cropland and pastures dominate the landscape, and little native 

grassland remains. Waterways are still wooded, however, due to an inadequate fire 

regime, invasive non-native trees have become established in these areas and are also 

encroaching on pastures and grasslands. The climate is temperate and continental with 

extreme winters, hot summers, and moderate precipitation. The annual mean 

temperature is 10.9 0 C (51.70 F), and mean precipitation is 71.02 cm or 27.96 in 

(Beesley et al., 1964).

A number of hibernacula of C. horridus are located in southern Gage County in 

an area approximately 124.4 km2 (48 mi2). Limestone outcroppings in areas of sparsely- 

vegetated woodland provide adequate denning locales for timber rattlesnakes as well as 

for other species of snake. Forest types are primarily elm-ash-cottonwood and bur oak. 

Dominant canopy vegetation includes American elm (Ulmus americana), cottonwood 

(Populus deltoides), hackberry (Ceitis occidentalis), and bur oak (Quercus macrocarpa). 

Less abundant canopy vegetation includes ash (Fraxinus pennsylvanica), red cedar 

(Junipens virginiana), and honey locust (Gieditsia triacanthos). Brush and ground 

vegetation is predominantly dogwood (Cornus fiorida), stinging nettles (Urtica dioica), 

bedstraw (Galium boreale), poison ivy (Rhus radicans), and Virginia creeper
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(Parthenocissus quinqeufolia). The elevation at the hibernacula averages approximately 

380 m (1,250 ft).

Southern Gage County was selected as a study site because it reportedly has 

the largest population of timber rattlesnakes in Nebraska. During the conceptual stages 

of this study, interviews with personnel from the Nebraska Game and Parks 

Commission, residents of Gage County, and a naturalist from Omaha, John Lokke (who 

has been visiting Gage County den sites for 20 years) indicated that Gage County 

maintained a population of timber rattlesnakes sizeable enough to support an ecological 

study.

Identification of Den Sites

At the start of this project, only two bona fide dens of Crotalus horridus were 

known to exist in Gage County (Lynch, 1998). After interviewing local landowners and 

previous residents of the Wymore and Barneston Townships, it was apparent that there 

were more than two extant dens as well as some that were believed to have been 

extirpated.

Using anecdotal information from landowners, additional areas were investigated 

to verify the existence of active dens. All known denning locales were subsequently 

plotted on United States Geographic Survey (USGS) 7.5 minute topographic maps 

(Barneston quadrangle). The maps were then scrutinized to identify other possible 

denning areas based upon steepness of rock ledges as well their aspects. Those that 

had a likelihood of supporting C. horridus were visually inspected for evidence of 

hibernaculum use. Additionally, dens that had reportedly been extirpated were searched 

for recent evidence of recolonization.
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Sampling

The acquisition of specimens for data collection (see Processing below) was 

performed using a standard search-and-seize approach. Rattlesnakes living in 

temperate latitudes often den communally (Klauber, 1972). To maximize the probability 

of encountering a rattlesnake, search efforts were concentrated around den sites during 

periods of peak emergence in spring and peak ingress in fall. In 1998, spring searches 

were conducted from 22 April to 24 May, and fall searches took place from 24 

September to 18 October. Spring searches in 1999 began early due to unseasonably 

warm weather in March and were conducted from 15 March to 26 May. Search activities 

in fall occurred from 18 September to 10 October. Den sites were not recurrently visited 

throughout the warmer months, however, large rocks and sheets of corrugated tin were 

often found scattered throughout the study area and were regularly checked for snakes 

taking refuge beneath them. Additionally, any snakes that were unexpectedly 

encountered were apprehended for processing and, whenever possible, road-killed as 

well as maliciously killed snakes were obtained for data acquisition.

Processing

All individuals of C. horridus encountered during this study were subjected to the 

same routine of data collection. Once a snake was captured it was guided into a clear 

plastic tube of an appropriate size for the snake (Fig. 3A). The purpose of the tube was 

to restrain the snake, securing the head inside the tube and reducing or eliminating the 

risk of a venomous bite. An appropriately sized tube was one in which the diameter was 

narrow enough to prevent a snake from turning its head around and crawling back out of 

the tube. Processing took place in the field at the site of capture. Snakes were 

restrained for < 15 minutes and were released at the capture site.
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mmm

Figure 3. (A) A snake safely restrained in a tube; (B) injecting a PIT tag.
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All timber rattlesnakes were permanently marked with Passive Integrated 

Transponders, also known as PIT tags (Destron model TX1400L, Biomark®, Inc., Boise , 

ID. 83713). The transponder is an electromagnetic coil and a microchip enclosed in a 

bio-safe glass case. The microchip is programmed with a unique 10-character 

identification code that can be read using a hand-held scanning device. The operating 

frequency of the PIT tags is 125 kHz, and the signal should remain operational 

throughout the life of the snake. To mark the snake, a PIT tag was placed directly into 

the beveled tip of a modified 12-gauge needle and syringe assembly, and then injected 

subcutaneously into the snake (Fig. 3B).

To standardize marking procedures, all PIT tags were injected into the right side 

of the body approximately 20 ventral scales anterior to the vent at the juncture of the 

ventral and lateral scales.

Two categories of scale counts were recorded -- dorsal scale rows at mid-body 

and subcaudal scales. The number of rattle segments and whether the rattle was 

complete or broken were also noted. Sex was determined by inserting a sexing probe 

posteriorly into the vent to check for the presence of inverted hemipenes. If the 

specimen was identified as an adult female, reproductive status was determined by 

gently palpating the abdomen for the presence of mature follicles.

Measurements of snout-to-vent length (SVL) and tail length were recorded to the 

nearest millimeter using a steel measuring tape. Restraining the snake in the tube 

helped facilitate measuring because the snake could not easily uncoil. When all other 

procedures had been accomplished, the tubed snake was placed into a cloth sack to be 

weighed. The weight of the snake and the sack was recorded to the nearest gram using 

a graduating series of spring scales (Pesola®, Forestry Suppliers, Inc., Jackson, MS.
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39284-8397) designed for field use. The snake’s weight was calculated by subtracting 

the weight of the sack from the total weight.

Examination of environmental data also was part of each snake’s processing 

routine. Microhabitat temperatures were recorded by placing a thermometer in the exact 

location of the snake promptly after the snake was captured. In the case of telemetered 

snakes, which often were left undisturbed, the thermometer was gently lowered onto the 

snake or as near to the snake as possible. Ambient air temperatures were recorded by 

placing a thermometer in the nearest shaded area, which in most cases was located 

horizontally < 2 m from the snake. Weather conditions were noted, and wind was 

classified as either calm, breezy, or windy. Cloud cover was classified as either clear, 

mostly sunny, mostly cloudy, or cloudy. Canopy coverage was estimated as a 

percentage using a concave densiometer, and ground cover was classified as dense, 

moderate, or sparse. Whenever possible, the dominant canopy and ground vegetation 

were identified. Whether a snake was in sunlight or shade was determined by 

estimating the proportion of the snake’s body that was shaded. Snakes with greater 

than 50% of their bodies in the sun were considered in the sun, while those with 50% or 

more in the shade were considered shaded.

Behavioral notes were made for all snakes encountered. Behaviors were 

generalized as resting coiled, resting stretched, or moving. As an additional behavioral 

note, each time a snake was approached, I recorded whether it rattled, fled, did neither, 

or did both.

Radiotelemetry

At the start of the 1999 field season, eight rattlesnakes were selected for 

inclusion in a full-season radiotelemetry study. Snakes were selected based on weight,
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gender, and reproductive status. Candidates had to be of a sufficient enough weight 

that the weight of the transmitter did not exceed 5% of the snake’s body weight (Reinert, 

1992). In other parts of their range, timber rattlesnakes exhibit a marked difference in 

seasonal activity depending on their gender and reproductive status (Keenlyne, 1972; 

Martin, 1992). To investigate and identify any differences in the Nebraskan population, 

the sample size was divided among three males, three non-gravid females, and two 

gravid females. Candidates were obtained using the same search-and-seize method 

employed during the first season.

Candidates for telemetry were transported from the field to the herpetology 

laboratory at the University of Nebraska at Omaha (UNO) for surgical implantation of a 

radio transmitter (Advanced Telemetry Systems (ATS) Model 10-28, Isanti, MN).

Surgeries were performed as soon as possible upon returning to UNO and were 

performed in accordance with guidelines provided by Hardy and Greene (1998) (Fig. 4). 

A clear plastic tube of appropriate size for the surgical subject was transformed into a 

chamber by capping one end with a latex sheet. A small slit was made in the latex so 

that the neck of a squeeze bottle could be inserted. The subject was then guided into 

the tube and restrained until it could be anesthetized. Anesthesia was accomplished by 

placing 15-20 drops of isoflurane (IsoFlo®, Abbott Laboratories, N. Chicago, IL) into a 

squeeze bottle, inserting the neck of the bottle through the slit in the latex sheet, and 

gently squeezing vapor into the tube. A plane of anesthesia was usually reached within 

20 min and was identified as the point at which the snake -  when placed on its back -  

would no longer right itself (Hardy and Greene, 1998).

Once the subject was anesthetized, the surgical area was prepared by cleaning 

with an iodine solution. An area on the left side of the body, anterior to the kidneys, was
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A. B

C D

Figure 4. (A) An ATS Model 10-28 implantable transmitters; dimensions are 45mm x 

13mm; (B) a gas chamber made out of a squeeze bottle, a sheet of latex, and a clear 

plastic tube ; (C) surgical subject with a small incision for placement of the transmitter; 

(D) the transmitter in place.
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chosen as the site for implantation. Using museum specimens, I was able to ascertain 

that an area within the pleuroperitoneal cavity approximately 35 ventral scales anterior to 

the vent would be a safe area for the transmitter. Once cleaned, a small (1-2 cm) lateral 

incision was made through the integumentary layer between the second and third 

dorsolateral scale rows. The pleuroperitoneal cavity was identified, and another incision 

was made through the peritoneal lining. At this point, the transmitter was inserted 

through the incision and into the peritoneum, with the antenna directed cephalad. The 

antenna was positioned subdermally by way of a thin brass tube. The sterilized brass 

tube, which was slightly longer than the antenna, was gently guided beneath the dermis 

cephalad from the surgical incision. The antenna was then fed through the tube. A 

minor incision was made at the anterior extent of the tube allowing it to gently be pulled 

out from beneath the dermis while leaving the antenna installed (Hardy and Greene, 

1998).

Once the transmitter and antenna were completely installed, incisions were 

closed using 4-0 polyglactin absorbable sutures (Ethicon, Inc.). Just prior to suturing, 

the snake was removed from the chamber to facilitate recovery from anesthesia. 

Sutured wounds were coated with Liquid Bandage™ to prevent infection and to help 

expedite the healing process. Recovery from anesthesia generally took 20-30 min with 

the entire surgical procedure taking < 1 h.

Surgical subjects were maintained in captivity for at least 24 h and given water 

ad libitum. Transmitters were tested before the snakes were released. When recovery 

was complete and weather conditions were favorable, snakes were returned to their 

exact site of capture and released.
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Radio tracking began with my first outing after the snakes were released.

Signals were obtained by selecting the proper frequency on a radio receiver (Telonics, 

Model TR-4, Mesa, AZ) fitted with a directional ‘H’ antenna (Telonics, Model RA-2A, 

Mesa, AZ). Signals were followed until the snake was either sighted or was determined 

to be undercover and unable to be seen. At this time, a Global Positioning System 

(GPS) position was recorded using a hand-held receiver (Eagle Systems, Model 

Explorer). Environmental and climatic data were also recorded, including ambient 

temperature, microhabitat temperature, canopy cover, vegetation, weather conditions, 

and a general habitat description. Behavioral data were noted whenever the snakes 

were sighted. These observations included whether the snake was static or moving, the 

position of the snake (coiled/uncoiled), location relative to sunlight (sun/shade), and any 

other notes deemed worthy of recording.

At the end of the active season, an attempt to apprehend telemetered snakes for 

transmitter removal was made. Some snakes, however, entered hibernacula early and 

were unable to be captured. These snakes were recaptured during emergence the 

following spring to have their transmitters removed.

All GPS positions were converted to degrees, minutes, and seconds of latitude 

and longitude and were subsequently plotted on USGS 7.5 minute topographic maps. 

Distances between tracking locations were measured to the nearest 20 m using a Topo 

Tool™ coordinate ruler.

Prey Items

Fecal samples from all snakes encountered were analyzed for prey items. A key 

to dorsal guard hairs (Moore et al., 1974) was used to identify as many prey items as 

possible to the generic or specific level. Additional determination of potential prey items
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was investigated through rodent trapping on summer grounds as well as by recording 

random encounters with mammals. Mammal traps were set on two occasions during the 

summer feeding season. Small and medium Sherman live-traps were baited and set 

during early evening along the peripheries of rattlesnake feeding areas. All traps were 

checked the following morning. Trapped mammals were identified to species and 

released. Randomly encountered mammals were also identified to species.

Statistical Analyses

Wherever applicable, statistical analyses were accomplished according to Zar 

(1996). In most cases, statistics were generated using the SAS computer program. All 

statistics were analyzed using a significance level of P = 0.05.
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RESULTS 

Seasonal Activity and Habitat Usage

Emergence and the Den Site

After approximately six months of hibernation, timber rattlesnakes began to 

emerge and bask in the vicinity of their dens. The earliest emergence date noted was 

15 March and the latest 30 May. Dates of peak emergence, when the highest numbers 

of snakes were seen at dens, were from 24 April to 8 May (Fig. 5). Den sites were 

located on limestone outcroppings that have numerous fissures and crevices, low to 

moderate deciduous canopy cover, sparse coniferous vegetation, and generally a 

southern aspect (Fig. 6). After a brief basking period had passed, snakes dispersed 

from the den areas embarking on short migrations to inhabit a specific habitat type called 

a surface den.

Surface Dens and the First Migration

Surface dens (Prestt et al., 1971) are synonymous with “transient habitat” 

described by Brown (1993). They provide security and cover in an above-ground setting 

as opposed to the below-ground cover of a true den. All snakes in this study used 

surface dens immediately after dispersing from den sites and continued to do so until 

they completed their first seasonal shed. The most common surface dens used by 

timber rattlesnakes living in Gage County were wood rat (Neotoma floridana) middens, 

wood piles and snags. Each snake (including gravid females) was found using a wood 

rat house on at least one occasion (Fig. 7). Single surface dens were generally not 

used, but rather a series of them were visited along a snake’s path to summer foraging 

grounds. When a snake progressed to later stages of the shed cycle (clouded eyes), it
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Springtime Occurrences of 
Timber Rattlesnakes at Den Sites 

(by Week) for 1998-99 (r? =24)
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Figure 5. Number of snakes found on den sites for each week of the general emergence 

season.
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Figure 6. A typical den site in Gage County. Note the open canopy, moderate ground 

cover, and lack of coniferous growth.
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Figure 7. (A) A wood rat (Neotoma floridana) midden used by rattlesnakes; (B) A timber 

rattlesnake effectively using a woodpile for cover.
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would remain static in its current surface den until shedding was completed. This first 

shed of the year was timed with the start of the summer season, and the average date 

for the first seasonal shed was June 18. Each snake, including the gravid females, 

departed from the surface den within 2 days of shedding.

Summer Areas and the Second Migration

Although recently dispersed snakes may have successfully migrated to surface 

dens located quite a distance from their hibernacula, they still had not completed their 

journeys to summer feeding grounds. This second migration was triggered by the first 

seasonal shed and was completed without the use of surface dens.

Summer habitat usually consisted of deciduous woodlands with moderate to 

dense canopy cover and low to moderate surface cover (Fig. 8). These areas are used 

by snakes for feeding and, in late summer, breeding. During the summer season, 

snakes spent nearly all of their time above ground and without cover. Only during 

instances of a second seasonal shed or inclement weather did snakes retreat beneath 

cover. On several occasions, snakes left wooded areas and entered agricultural fields. 

Five of eight telemetered snakes (including one gravid female) utilized agricultural fields 

at some point during the summer (Table 1), and one used them extensively (Fig. 9). 

During a hay harvest in 1993, five timber rattlesnakes were accidentally killed in one 

afternoon after being caught up in baling equipment (Kenneth Barnhill, Gage County 

resident, pers. comm.); however, rattlesnakes had never been seen in row crop fields. 

Feeding

Feeding only took place on the summer grounds. Five out of eight telemetered 

snakes fed at least twice during the summer season. In all instances, including
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Figure 8 Photograph of typical woodland habitat used during the summer by male and 

non-gravid femaie timber rattlesnakes. Note the dense canopy cover and the scattered 

sunlight



Table 1. Telemetered snakes that used agricultural fields during the tracking season

Snake Agricultural Field Duration (days)

A Corn 13

D Alfalfa, Sorghum 2

F Soybeans 34

H Milo 3

I Soybeans 14
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Figure 9. (A) Soybean field where snake ‘F’ spent 34 days; (B) Snake ‘F’ coiled beneath 

a soybean plant.
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neonates, prey items were mammals. In one sample of a subadult female, insect wings 

were clearly evident, however hairs, in the feces were identified as those of a shrew 

{Blarina brevicauda). Table 2 presents a list of potential (trapped or visually sighted) 

prey items as well as all positively identified (fecal samples or stomach contents) prey 

items. The most commonly sighted small mammals were the fox squirrel (Sciurus 

niger), eastern wood rat (Neotoma floridana), and the eastern cottontail rabbit 

(Sylvilagus flondanus), however, only the squirrel and the rabbit were identified from 

fecal samples. The white-footed mouse (Peromyscus leucopus) and the meadow vole 

(Microtus pennsylvanicus) were the most commonly identified prey items from feces. 

These two species are much smaller than the aforementioned mammals and are 

probably more representative of preferred food items.

Breeding

Copulation was not witnessed during this study, however indirect evidence of 

breeding activity was discovered. On 8 August 1999, a large male C. horridus was 

found leaving the immediate vicinity of a female. Upon capture, a swelling in the cloacal 

region was noticed. The swelling was so intense that a sexing probe could not be 

inserted. I predicted that this snake had recently copulated, and to test this, the snake 

was returned to the UNO laboratory to have a sample of the cloacal contents analyzed 

(Fitch, 1960). A preparation of cloacal contents observed at high power under a light 

microscope yielded numerous motile sperm. In another instance, two of the telemetered 

rattlesnakes (one male and one female) were found together on a number of occasions 

from 8 August 1999 to 24 August 1999. On the instance of their second pairing, cloacal 

contents were obtained for analysis of motile sperm, however, none was found. These 

snakes had briefly parted company after this pairing -  the female moving into a
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Table 2. Potential prey items and items positively identified in feces. A ‘Yes’ in the 

‘Positively Identified’ column indicates that this species was either found in stomach 

contents or feces. Numbers in brackets indicate how many specimens were either seen 

or trapped. Numbers in parentheses indicate how many specimens were identified in 

stomach contents or feces.

Potential Prey Items Positively Identified

Least shrew (Cryptotisparva) [3] No

Masked shrew (Sorex cinerea) [1] No

Short-tailed shrew (Blarina brevicauda) [1] Yes (1)

Western harvest mouse (Reithrodontomys megafotis) [1] No

White-footed mouse (Peromyscus leucopus) [9] Yes (3)

Deer mouse (Peromyscus maniculatus) [3] Yes (2)

House mouse (Mus musculus) [3] Yes (1)

Hispid pocket mouse (Chaetodipus hispidus) [1] No

Meadow vole (Microtus pennsyfvanicus) [4] Yes (3)

Prairie vole (Microtus ochragaster) [1] Yes (1)

Fox squirrel (Sciurus niget) [20+] Yes (1)

Eastern wood rat (Neotoma floridana) [20+] No

Thirteen-lined ground squirrel (Spermophilus tridecemfineatus) [1] No

Eastern cottontail rabbit (Sylvilagus floridanus) [20+] Yes (1)

Hispid cotton rat (Sigmodon hispidus) [1] No
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milo field and the male relocating to a stream bed in the opposite direction. Five days 

after this separation, both snakes were tracked to within centimeters of each other 

beneath a plum tree on the edge of a pasture. Cloacal contents were again analyzed 

and motile sperm were found in both the male and female on this occasion. I consider 

both of these incidents indirect evidence of mating.

Reproduction

Parturition perse was not actually witnessed during this study, however two 

gravid females were radiotracked through the entire season and a close approximation 

of parturition dates can be confidently stated. One particular woodpile was the location 

of many timber rattlesnakes throughout the 1999 season, including four telemetered 

individuals (Fig. 10). One of these, a gravid female, remained there throughout the latter 

portion of her active season. This gravid female was rarely sighted, but her signal could 

be received from various areas within the woodpile on different tracking outings. She 

was sighted on August 19, 1999 and was still gravid. When sighted on September 16, 

1999 she was postpartum, thus she had given birth sometime from 19 August to 16 

September 1999.

The second gravid female utilized this same woodpile as a surface den shortly 

after emergence, however, she departed from the site after shedding and migrated to 

another woodpile intermixed with old tin located over 1 km from this site. She did not 

give birth there, however, and on 29 August 1999, she migrated back to the first 

woodpile where the other gravid female had spent the summer. This was the last date 

she was seen until October 5, 1999 when she was found less than 10 m away from her 

den site in a state of post parturition.
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Figure 10 This large woodpile provided cover for a number of timber rattlesnakes 

throughout the act /e season and was the s-te of parturition for two gravid females.
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Only one other instance of parturition was witnessed, and it occurred three years 

prior to this study. On 21 September 1996, a female C. horridus was found with five 

neonates beneath a car door in a junk pile. She was completely deflated and the 

neonates were very close to completing their first sheds. I estimate parturition to have 

been from 15 September to 18 September. The average litter size for Gage County was 

seven (n = 5, range = 4 -1 1 )  and is based only on this observation and counts from 

preserved specimens. Out of 21 female snakes encountered during 1998-1999, seven 

were gravid.

Ingress and the Third Migration

The arrival of cooler night-time temperatures in early fall prompted the third 

seasonal migration, returning active snakes back to their dens for hibernation. Snakes 

in summer feeding areas began moving back to den sites in mid-September. The first 

telemetered snake to begin fall migration did so on 11 September 1999. Surface dens 

were not used during fall migrations, however, return trips to dens were not necessarily 

direct. Attempts to feed were witnessed as the snakes made their way back to dens. 

The first telemetered snake entered a den on 28 September 1999 and the last entered 

on 21 October. None of the telemetered snakes were found to have left the dens for 

periodic basking, however this behavior was observed in other snakes that were seen 

exiting den crevices throughout the ingress season.

Regular monitoring of den sites in autumn showed that the earliest date snakes 

were seen basking was 18 September while the latest was 18 October. Peak dates of 

ingress were from 25 September through 15 October (Fig. 11). The mean date to enter 

hibernation was 4 October, and the mean duration of hibernation was 186 days.
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Summary of Seasonal Cycle

Three primary and distinct activity areas were recognized during this study: dens, 

surface dens, and foraging areas. Shifts between areas were deliberate and often 

abrupt, involving one minor and two major migrations per season. Although gravid 

females did exhibit migratory behavior, they remained static once they reached their 

destinations and apparently exhibited no foraging behavior. All results showed, 

however, that there was a clearly defined seasonal cycle (Fig. 12). A complete account 

for each snake can be found in APPENDIX I.

Spatial Analysis

Table 3 summarizes distances measured for each snake as well as the duration 

of time it was telemetered. Total distance traveled was computed by summing the 

distances of each recorded movement. The linear range was measured by recording 

the distance from the den to the farthest recorded site a snake was found from its den. 

The average distance traveled per day was computed by dividing the total distance 

traveled by the number of tracking days. The mean distance traveled for all snakes was 

3.37 km, which is quite comparable to the mean maximum migratory distance of 3.06 km 

for Crotalus horridus in northeastern New York (Brown, 1993).

Geographic Distribution

The range of the C. horridus in Gage County encompasses an area 

approximately 53 km2 (33 mi2; Fig. 13). The town of Barneston, Nebraska sits at the 

center of this area. South of Barneston, the snakes occur to the Kansas border. To the 

north, the snakes follow the Big Blue River and Wildcat Creek. The Big Blue distribution 

stops approximately 0.6 km (1.0 mi) east of Wymore, Nebraska, and the Wildcat Creek
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Fall Occurrences of Timber 
Rattlesnakes at Den Sites (by 

Week) for 1998-99(n = 27)
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Figure 11. Summary of sightings of snakes on dens each week during the ingress 

months.
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Emergence: Peak dates 
= 4/24 -  5/8

Short migration

Longer migration

Abrupt departure

Hibernation
Average # days spent 

hibernating = 186

Lying Out
Average date to enter 
h'bernation = Oct. 4

Summer Areas
Average date to leave 

summer areas 
= Sept. 29

Surface Dens
Average date to leave 

surface dens = June 18

Lying Out
Average date to 

disperse from dens = 
May 15

Ingress: Peak dates are 9/25 -  10/15

Figure 12 Diagram of the seasonal cycle of Crotaius horridus in southeastern Nebraska
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Table 3. Summary of spatial analysis for each telemetered snake.

Snake Sex SVL(mm) Tracking
Dates

# Days Total Dist 
Tracked Traveled 

(km)

Linear
Range

(km)

Distance 
T raveled/day 

(m/day)

A F 682 5/8-9/18 134 2.3 0.84 16.9

B M 876 5/18-9/28 134 4.6 2.60 34.1

D F gravid 848 5/26-10/9 136 2.9 1.30 21.5

F F 730 6/1-9/28 120 2.8 0.62 23.4

G F gravid 833 6/8-9/28 113 1.7 0.74 14.9

H F 870 6/18-10/5 111 3.8 0.33 34.6

I M 887 6/18-9/28 103 5.5 0.84 53.7

Mean distance traveled = 3.37 km

Mean linear range = 1.04 km

Mean distance traveled/day = 28.4 m/day
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Figure 13. The approximate range (blue cross-hatching) of C horridus in Gage County, 

Nebraska.
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distribution stops near the confluence of Wolf Creek and Wildcat Creek about 2.5 km (4 

mi) northwest of Liberty, Nebraska. Den sites have not been uncovered for this entire 

area, however, dispersed snakes have been found throughout the region.

A total of 12 den sites has been positively identified (Fig 14). A den site is 

defined as any location where more than one snake hibernates through winter. All 12 

dens have a southern aspect, however, three have entrances that face a northerly 

direction (Table 4).

Population Estimate

During the field season in 1998, 29 timber rattlesnakes were captured and 

marked with PIT tags. By the end of the season none of the marked snakes had been 

recaptured. In 1999, 30 snakes were captured -  three of which were recaptures from 

the 1998 season. Aside from telemetered snakes, none of the snakes marked during 

1999 was recaptured during that season. A Lincoln-Peterson population estimate was 

calculated using the following equation (Blower et al. 1981):

Pi “  nj ni + i

mi+i

where

nj = # snakes captured and marked in 1998 

ni + i = # snakes captured and marked in 1999 

mi+i = # recaptures during 1999 season

This provided a conservative population estimate of 290 timber rattlesnakes. A table of 

all marked snakes can be found in APPENDIX II.
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NEBRASKA

Figure 14. Blue dots denote known den sites. Red dots denote areas where snakes 

have been found but no den site has been identned.
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Table 4. Aspects (in degrees) of known den sites.

Den Site # Aspect of Entrance (degrees)

1 44

2 100

3 130

4 154

5 170

6 180

7 180

8 180

9 190

10 220

11 30

12 325

Mean Entrance Aspect =157 degrees
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Size Distribution

Snout-vent lengths (SVL) obtained from all captured snakes were placed into 

size classes (see Appendix II for a complete table of measurements). Figure 15A 

depicts a bimodal frequency distribution histogram for all size classes. Martin (1988) 

estimated that the overwintering mortality rate for young of the year is 50%, and for 

those neonates that survive hibernation, an additional 66% will perish during their first 

year of life. Thus, to get a more accurate account of population size structure, all 

specimens possessing merely a single rattle segment were considered neonates and 

were removed from the frequency count. A new histogram was constructed (Fig 15B) 

exclusive of neonates. A test of symmetry was performed using the SAS UNIVARIATE 

procedure. The calculated gi value o f-0.59478 (n = 44) was less than the table value of 

0.726 [a(2) = .05, df=43], thus the distribution of size in the population is symmetrical.

Table 5 shows the SVLs and the means for each gender. The mean SVL of 

adult males was about 11 % longer than that of adult females. The largest snake 

measured was a male with a SVL of 1,140 mm (44.9 in) and a mass of 1,550 g (3.4 lb). 

Neonates averaged 330.4 mm (13.0 in) in length and 45 g (0.10 lb) in mass.
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Figure 15 (A) Frequency distribution of SVL inclusive of neonates and (B) exclusive of 

neonates
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Table 5. Snout-vent lengths (SVL) for all adult snakes captured during the 1998 

and 1999 seasons.

Snout-Vent Lengths (mm)

Males ( n  = 26) Females (n = 17)

844 650
683 661
958 386
717 880
487 980
995 475
1015 785
795 845
1140 682
842 848
805 730
779 715
912 833
541 870
527 868
853 834
876 774
890
869
930
772
682
907
917
1092
972

MEAN = 829.2 MEAN = 753.9
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DISCUSSION 

Seasonal Activity and Habitat Usage

Emergence and the Den Site

The dates of general and first emergence concur with data presented from 

Virginia (Martin, 1992), which is similar in latitude to Nebraska, and occur earlier than 

more northern (New York) populations (Brown, 1993). This is expected because of the 

earlier arrival of spring temperatures in southeastern Nebraska.

While den sites generally had a southern aspect (south, southeast, or 

southwest), three known dens were discovered to have entrances with northern aspects. 

In all three cases, the actual underground hibernacula had southern exposures and were 

located below the ground on nearly treeless, dome-shaped hills that probably functioned 

like radiators during winter months. Snakes from these dens behaved differently during 

emergence. Rather than basking outside the den entrance, they moved to areas above 

the dens that had more southern exposures. Galligan and Dunson (1979) reported that 

in Pennsylvania, 70% of the dens they investigated had a south or southwest face and 

30% faced either west or southeast. While the existence of north-facing dens was not 

discounted, the preference for a more southerly directed den is clearly evident. In Gage 

County, denning habitat is so scarce that the use of north-facing dens is expected to be 

in higher proportions than in other regions. None of the northern aspect dens was large 

by any means, and they probably only held between two and five adult timber 

rattlesnakes in each den, although other snake species also occupied the same 

crevices. Other snake species that shared den sites with Crotalus horridus include the 

copperhead (Agkistrodon contortrix), rat snake (Elaphe obsoleta), Great Plains rat snake 

(Elaphe emoryi), northern water snake (Nerodia sipedon), racer (Coluber constrictor)
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and the common garter snake (Thamnophis sirtalis). Oddly enough, I have never 

captured or even seen a lizard of any species living sympatrically with Crotalus horridus 

in Gage County, although lizards co-exist with timber rattlesnakes throughout Kansas. I 

currently cannot offer a suggestion as to why they do not appear in southern Gage 

County.

Surface Dens and the First Migration

The term “surface den” was selected over “transient habitat”. A surface den has 

a distinct function and is not randomly selected. Prestt (1971) describes how recently- 

emerged Vipera berus made short dispersals from the den area in search of cover that 

would provide safety as well as a thermoregulatory advantage. Snakes would often 

make numerous stops at such sites until they settled on one, however they often 

displayed fidelity to such sites year after year. They remained on these surface dens 

until they shed their skin, at which time they would continue with other seasonal activities 

such as feeding and breeding. Timber rattlesnakes from Gage County followed a similar 

routine. A short dispersal, sometimes requiring stops at several surface dens, would 

end with the selection of a preferred surface den where they would wait out their first 

shed of the year. Prestt (1971) hypothesized that their close proximity to the dens 

allowed males and females to remain in the vicinity of each other so that mating could 

begin promptly and with little search effort. Timber rattlesnakes, however, have been 

shown to be late summer breeders (Aldridge and Brown 1995, Martin 1993), thus their 

reason for remaining close to dens cannot be to confer a mating advantage. Galligan 

and Dunson (1979) also recognized that recently-emerged C. horridus would remain in 

the den vicinity until they completed a post-hibernatory shed but offered no firm 

explanation. Since all telemetered snakes in the Gage County study remained on
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surface dens and departed promptly upon shedding, I suspect that the general 

handicaps that come with a pre-shed condition (decreased vision, labored locomotion 

thus a greater risk of predation) dictate when a migrating snake must cease movement 

and wait out the shedding cycle.

The use of structures such as wood rat (Neotoma floridana) houses and large 

woodpiles is curious. In light of the shortage of large rocks to hide beneath, such as 

those used by snakes in New York (Brown, 1993) and Virginia (Martin, 1992), these 

wood structures were effective substitutes. In Arkansas, timber rattlesnakes were 

observed using wood rat middens as shelters during times just before a shed (Steve 

Beaupre, pers. comm.) however, they were apparently not the targets of the first post- 

hibernatory migration as they were in Nebraska. In the cases where wood piles rather 

than wood rat houses were used, the piles were most often caused by human clearing of 

unwanted timber. This may have direct conservation implications, especially if these 

wood piles are removed during the spring and summer seasons (see REPRODUCTION 

below). Although the fidelity to these structures is not known at this time, the facts that 

on a substantial number of occasions several timber rattlesnakes were using a single 

wood pile and that single snakes used a particular wood pile on more than one occasion 

during a season, are evidence of the importance of these wood piles as habitat features. 

Summer Areas and the Second Migration

In all instances, snakes moved off their surface dens within days of their first 

seasonal shed. With the exception of gravid females, all telemetered snakes made their 

first stop in a moderately wooded area and assumed an ambush posture. If feeding was 

successful, snakes generally moved to a more secure location and digested their prey.

If snakes could not procure prey, they moved to another location and resumed foraging.
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This behavior is consistent with behavior seen in other species of rattlesnakes that 

employ a sit-and-wait predation strategy (Lee Grismer, pers. comm.)

Summer habitat consisted mostly of moderate to heavy canopied deciduous 

woodlands, which is consistent with timber rattlesnake summer habitat throughout most 

of the northern portion of their range (Brown, 1993). The obvious advantage of this is 

the effective use of crypsis. During the telemetry study in Gage County, 68% of male 

and non-gravid female timber rattlesnake sightings after 18 June (average departure 

date from surface dens) were on the surface, while 32% were found under some form of 

cover. In most cases, snakes were using cover to digest meals, shed skin, or avoid 

extreme weather. In comparison, Brown and Greenberg’s (1992) study in New York 

showed that snakes spent 86% of their summer time on the surface. Since the active 

season is about four weeks longer in Nebraska than in New York/these results are not 

really unexpected. Cooler seasonal temperatures and a shorter active season in New 

York mandate that snakes must concern themselves more with active thermoregulation 

while opportunities exist. Timber rattlesnakes in Gage County do not have to be as 

concerned. What is interesting in Gage County, however, is the use of agricultural 

fields, sometimes extensively, as refugia. Brown (1993) briefly mentions the rare 

occurrences of C. horridus in cultivated areas. In North Carolina, a record of a timber 

rattlesnake occupying a tobacco field was noted (John Sealy, pers. comm.), and in 

Virginia timber rattlesnakes have been radiotracked in both corn and soybean fields 

(Alan Savitzky, pers. comm.). In Nebraska, present-day agricultural fields as well as 

grazing pastures are not substantially different than the prairies and grasslands that 

existed there in pre-settlement times. Henry Fitch (pers. comm.) suggested that C. 

horridus in Kansas is an edge species that occasionally leaves the woodlands and
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enters grassland habitat. Three of the telemetered snakes from Gage County used 

grassland habitat at least once during their active season, but only for brief durations. 

Timber rattlesnakes in the western portion of the range have evolved with grassland and 

savanna habitat, and entering an agricultural field may simply be a behavior developed 

before agricultural conversions began to take place. The fact that there is no preference 

for a specific type of crop field and that snakes are occasionally captured in baling 

machines in hay pastures helps support this theory.

Feeding

The diet of C. horridus across its range is primarily mammalian (Clark, 2000). 

Although all fecal contents from Nebraskan specimens could not be positively identified, 

all feces contained exclusively mammalian remains. Small rodents of the genera 

Peromyscus and Microtus were most commonly found in feces. These were also the 

most commonly trapped or seen small mammals.

There were no accounts of feeding prior to arrival on summer grounds, even 

though prey items were present in the vicinity of surface dens. Due to the discomfort 

and vulnerability of the pre-shed condition, I suspect that only opportunistic feeding 

would have taken place at surface dens, and no active foraging was performed. 

Breeding

Although copulation was not witnessed, there is evidence that breeding occurs 

during mid- to late summer. Extended male and female pairings before copulation have 

been reported in the literature on several occasions (Martin, 1993; Sealy, 1996). The 

precopulatory courtships described in these references are identical to my observations 

of a pair in Gage County from 8 August 1999 to 24 August 1999. Additionally, the
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presence of motile sperm in the cloacal contents of both snakes confirms that copulation 

took place.

Other pairings were observed throughout the season, however none was ever 

observed on more than one occasion.

Reproduction

In many areas throughout the northern part of their range, timber rattlesnakes 

utilize birthing rookeries as sites for gestation and parturition, and these sites are usually 

composed of large, flat rocks in sparsely wooded areas (Reinert, 1984). This makes 

observing gravid females relatively easy, because they are rarely mobile and they 

express high fidelity to specific rookery rocks. In Nebraska, however, rocks are not 

always used. Neither of the two telemetered gravid females birthed at a rock, and the 

only other parturition event I witnessed, occurred beneath a sheet of metal. For this 

reason, I cannot confidently state dates of parturition; however, I am confident that it 

occurs between late August and late September.

A mean litter size of seven concurs with the mean litter size in Pennsylvania 

(Galligan and Dunson, 1979) and is slightly lower than the mean of nine reported from 

both Kansas (Fitch, 1985) and New York (Brown, 1993). I believe that the sample size 

for gravid females was too small to make any inferences; however, seven is not an 

unrealistic number for mean litter size.

According to Brown (1993), an estimate of the timber rattlesnake’s breeding 

cycle can be obtained by taking a ratio of the number of gravid females per total number 

of females encountered. For Gage County during 1998-1999, this ratio is 7/33, or 

33.3%. This may be interpreted as a triennial, or three year breeding cycle.
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Spatial Analysis

Communally denning snakes tend to disperse from their dens, sometimes great 

distances, shortly after spring emergence (Gregory, 1984). Brown and Parker (1976) 

suspect that the migratory distance traveled after emergence may be correlated with the 

population density at the den site. In other words, individuals from a fairly large den 

population must travel greater distances to avoid intraspecific competition for resources. 

Some evidence of this can be seen in the linear ranges of the telemetered snakes (see 

Table 3). Snakes ‘A’ and B’ were captured from an area where three moderately-sized 

dens occur within a few hundred meters of each other. In two years, 40 timber 

rattlesnakes were captured and marked from this area. Snakes ‘H’ and 1’ were found in 

a similarly-sized area about 2 km away from the aforementioned dens, and in the same 

two years only 11 snakes were captured and marked from this area. The dens are 

smaller and they support less individuals. The mean linear range for snakes ‘A’ and ‘B’ 

was 1.72 km, as opposed to a 0.58 km mean linear home range for snakes H’ and T. 

The density is higher where snakes ‘A’ and ‘B’ reside, thus it would seem that they must 

travel greater distances to secure food and mates. The lower density of snakes where 

‘H’ and ‘I’ were found affords them the privilege of remaining closer to their dens during 

the summer season.

However, the mean total distance traveled for the total number of days tracked 

was 4.65 km for snakes ‘H’ and T whereas it was only 3.45 km for snakes ‘A’ and ‘B\ 

Additionally, snakes ‘H’ and T were captured late in the season and had fewer tracking 

days than all other telemetered snakes, so their total distance traveled for the season is 

actually greater than what is represented. Thus there may not necessarily be any
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significant difference in energy expenditure or search effort, even though the linear home 

ranges are different.

Geographic Distribution

The limiting factor for the distribution of C. horridus in Nebraska appears to be 

suitable hibernacula. The known northern extent of the range follows the Big Blue River 

and stops just east of Wymore, Nebraska. Anecdotal data regarding individuals as far 

north as Beatrice, Nebraska have surfaced among residents of southern Gage County 

(Bill Petersen, pers. comm.), however, it is doubtful that the snakes occur that far north. 

There are, however, limestone quarries north and east of Wymore that warrant further 

investigation.

The den sites marked on Figure 14 are dens where snakes have actually been 

found. There are numerous sites east of the Big Blue River that have been pointed out 

by residents (Ken Barnhill, pers. comm.; Ernest Hroch, pers. comm.; Bill Petersen, pers. 

comm.) as dens but have not yet produced a snake. Some are very expansive, and if 

rattlesnakes are using them they should occur in fairly large numbers. Several of these 

“dens” are now completely shaded out by red cedar (Junipens virginiana) trees (see 

SUGGESTIONS FOR CONSERVATION below), however many appear to be potentially 

active. Additionally, more thorough surveys are necessary both east and west of the Big 

Blue River as it enters the state of Kansas, and along the Kansas border from the Big 

Blue River east to the Pawnee County, Nebraska line.

The population in Gage County is continuous with C. horridus populations in 

northern Marshall County, Kansas. Given the known migratory distances that 

Nebraska’s individuals are capable of, immigration from Kansas is expected to occur; 

however, I cannot speculate on how often this takes place.
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Population Estimate

A population estimate of 290 timber rattlesnakes for all of Gage County is not 

unreasonable. W.H. Martin (pers. comm.) suggests that only 10-15% of a population is 

actually seen during visits to den sites. In 1998, 29 rattlesnakes were captured and 

processed, and in 1999 there were 30 processed. Both of these numbers are at 10% of 

the predicted population, however, I suspect that additional den sites exist and that 290 

is a conservative estimate. Additional survey work is necessary for many more seasons 

before a more accurate estimate can be calculated.

Size Distribution

Although the size structure indicated a normal distribution of rattlesnake size 

classes, the mean lengths of Gage County’s timber rattlesnakes are shorter than the 

mean lengths in other regions. Average total lengths for Nebraska were 970 mm (38.1 

in) for males and 860 mm (33.7 in) for females, compared to 1110 m (43.5 in) and 970 

mm (38.1 mm) for males and females respectively in New York. The largest recorded 

individual from Nebraska was measured at 1234 mm (48.6 in) whereas New York’s 

largest was 1375 mm (54 in). This represents a difference of 10-13%. The smaller 

average size in Nebraska can be interpreted as a population under stress or possibly 

recovering from a recent reduction event. In 1992, a resident from Gage County killed 

37 adult timber rattlesnakes at a single den site and recovered the skins for his new 

“wallet” business (information from Mike Fritz, Nebraska Game and Parks Commission, 

pers. comm.). Another resident who lived within 200 m of a den would regularly collect 

snakes and store them in an aquarium in his garage until they died. Mike Jones (pers. 

comm.), the current resident of the same home, estimated that there were “dozens” of 

rattlesnake skeletons and corpses in this aquarium when he moved into the house.
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Stories similar to these abound in Gage County, and the population is obviously 

recovering from these losses, which occurred within the last 20-25 years. Continued 

monitoring of the population would provide data on the recovery rate from these recent 

events.

It is also possible that the smaller mean lengths and maximum length are 

artifacts of this population’s existence on the extreme periphery of their range. 

Environmental pressures, suboptimal habitat, and severely limited resources may 

contribute to an above-average mortality rate among larger adults in this region. Again, 

many years of additional research are needed to investigate this possibility.



50

SUGGESTIONS FOR CONSERVATION

Although Gage County’s timber rattlesnakes are a peripheral population, they are 

not a fragmented population. Immigration is possible both within the county and from 

populations in Kansas; however, certain conditions must exist for timber rattlesnakes to 

thrive in Nebraska.

As I stated earlier, the habitat feature that limits dispersal to and colonization of 

new areas is the hibernaculum. Currently, C. horridus has nearly reached its northern 

limit in Gage County due to the disappearance of limestone ledges north of Blue 

Springs, Nebraska. However, the existing dens are under threat of abandonment by 

their current residents. Since the suppression of fire in grassland ecosystems became 

commonplace in southeast Nebraska, the red cedar (Junipens virginiana) has invaded 

pastures and is beginning to encroach on the limestone ledges that rattlesnakes and 

other species use as hibernacula. The establishment of these evergreen trees reduces 

the successful penetration of winter solar radiation into the dens. The only recovery 

from this phenomenon is to actively remove cedar trees from den sites. In some cases, 

dens already have been abandoned due to this shading-over effect. It is possible, 

however, that if the cedars are removed and controlled, dispersing snakes might re- 

colonize the abandoned dens.

A relatively recent approach to the conservation of timber rattlesnakes is 

headstarting neonates. Gravid females are removed from their rookeries and brought 

into captivity until they give birth. They are subsequently released but their offspring are 

retained in captivity through winter. Martin (1988) estimates that 50% of all newborn 

perish during hibernation. The maintenance of newborns safely in captivity during these



51

vulnerable first months of hibernation will improve chances for population growth by 

removing this mortality factor.

While legal protection for C. horridus in Nebraska is desirable, I would argue that 

it is not a truly practical solution to the present conservation issues. All of Gage 

County’s timber rattlesnake dens are located on privately owned land. This makes 

enforcement of protection laws virtually impossible, therefore other alternatives must be 

sought out for practical protection of snakes and habitat. An immediate recommendation 

is to educate landowners about the ecology of timber rattlesnakes and to directly involve 

them in conservation efforts. During the telemetry portion of this study, landowners were 

continuously invited to accompany me on radiotracking outings so they could see how 

timber rattlesnakes behaved. All of them expressed a newfound awe for “their” snakes 

and most vowed to act as responsible stewards in the future. In all cases, landowners 

have given permission to conduct den site maintenance to improve timber rattlesnake 

habitat on their land.

Another option is more long-term in execution but involves the permanent control 

of C. horridus habitat. The employment of conservation easements has been a 

successful conservation tool for numerous threatened species and communities. As 

farming and ranching become less profitable, landowners are becoming more willing to 

either sell or transfer control of their land -  often to land developers. Offering easements 

as an alternative to selling out to developers is a very real solution in which both the 

landowner and the natural community benefit. Additionally, organizations such as The 

Nature Conservancy have the means to purchase such tracts of land for the sole 

purpose of restoration and/or conservation.
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Finally, the conservation of timber rattlesnakes must involve an effort that is not 

hindered by political borders. Even if all of the aforementioned conservation suggestions 

are employed, none of them will be effective if the conservation of adjacent populations 

in Kansas is not considered.
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APPENDIX I 

Individual Snake Accounts

Snake ‘A’

Snake A ’ was a small adult female captured on 30 April 1999. She was 

captured approximately 5 m from her den, moving through leaf litter and grass. A PIT 

tag was implanted and the following data were recorded at time of capture:

SEX. Female 

PIT: 40667F5B2D 

SVL: 682 mm 

TAIL LGTH: 45 mm 

WT: 250 g

# RATTLE SEGS: 6 (complete)

Snake A ’ was returned to UNO for surgery. On 3 May 1999, a transmitter operating on 

the frequency 149.075 MHz was surgically implanted. Due to inclement weather, she 

was not released until 8 May 1999.

• 8 May 1999: Snake A ’ was released at her precise point of capture. She quickly 

moved away from the den site and took refuge in a nearby wooded area.

• 12 May 1999: Snake A  was tracked to wood rat nest in a thick gooseberry patch 

located within 1-2 m of the Big Blue River. She had traveled down slope from the 

point of release. She was not sighted but was tracked to within 1 m of her 

location on the riverbank. The area can be characterized as riparian woodland.

• 18 May 1999: Snake A ’ has left the rat’s nest but remained within 2 m of it. She 

was found in a fallen tree at a height of approximately 1.5 m and was wedged 

between the wood and the bark of the tree (fig. 16).
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• 19 May 1999: Snake ‘A’ has left the tree and returned to the rat’s nest.

• 22 May 1999: Snake ‘A’ has moved from the rat’s nest and was located down

stream, tightly coiled beneath tall grasses and nettles, and immediately above 

the riverbank. She was within centimeters of a 3 m drop to the river bed below. 

She was opaque and appeared to be undisturbed by my presence. Canopy 

cover was very low at this site.

• 25 May 1999: Tracked Snake ‘A’ to a large driftwood snag located directly on the 

Big Blue River (fig. 17). She remained at this site until 6 June 1999.

• 6 June 1999: Snake ‘A’ has moved off the wood snag and onto the riverbank.

She was found coiled in a patch of poison ivy and still has not shed her skin.

• 11 June 1999: Snake ‘A’ has moved into a hollow log that was converted into a

wood rat nest. She was not sighted but her position within the log was localized.

• 13 June 1999: Found Snake ‘A’ basking at the edge of the riverbank before she

retreated back into the hollow log and rat’s nest she had been occupying. An 

adult, gravid female black rat snake (Elaphe obsoleta obsoleta) was found coiled 

within centimeters of Snake ‘A’ before she moved.

• 18 June 1999: Snake ‘A’ was found at the same site on the riverbank she was 

using on 13 June. She still had not shed. An adult black rat snake was found 

with her although it is not known whether this is the same snake sighted on 13 

June.

• 19 June 1999: Snake ‘A’ was tracked back to the rat’s nest in the log.

• 23 June 1999: Snake ‘A’ has moved back onto the driftwood snag and remained

there until 3 July.
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Figure 16. Snake ‘A ’ wedged between the bark and inner wood of a tree.
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Figure 17. A wood snag along the Big Blue River used by Snake ‘A ’ as a surface den.
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• 3 July 1999: Snake ‘A’ has moved off of the wood snag and crossed the Big Blue 

River. She was located on the east side of the river in a small woodland patch 

north and east of the Highway 8 bridge. She has shed her skin and was coiled in 

a typical ambush position. She was not harassed.

• 6 July 1999: Snake ‘A’ was still in the same woodland patch and had recently 

eaten. Her weight was 37 g greater than her release weight. A fecal sample was 

attempted but was unavailable. No attempt was made to force regurgitation of 

the food item. She remained in this area until 15 July 1999.

• 15 July 1999: Snake ‘A’ had moved to a more open canopied area and was 

found taking cover beneath a leaning log. She had an obvious food lump and 

was once again opaque. She was not disturbed at this time.

• 19 July 1999: Snake ‘A’ was in the same position as 15 July and was still 

opaque. A fecal sample was successfully obtained at this time. She remained at 

this site until 8 August.

• 8 August 1999: Snake A ’ was tracked to a corn field adjacent to the woodland 

patch on the north side. She was beginning to shed in patches but was still 

generally opaque. She was in a tight coil beneath a pile of dried corn husks.

• 14 August 1999: Snake ‘A’ remains in the corn field and has completed her shed. 

She was found in an ambush posture and continued to forage in the corn field 

until 21 August.

• 21 August 1999: Tracked Snake ‘A’ back to the woods where she had previously 

been found. She had recently fed and was coiled in a leafy patch of scattered 

sunlight. She remained at this site and in this position until 14 September.
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• 14 September 1999: Snake ‘A’ has re-crossed the Big Blue River and is back on 

the west bank. She was found coiled beneath a downed maple tree in very 

dense ground cover. A male C. horridus was found coiled next to her. The male 

was captured, processed, and released.

• 16 September 1999: Snake ‘A’ was found coiled in dense grass directly above 

the water on the edge of the riverbank. She was only a few meters from her last 

location.

• 18 September 1999: Snake ‘A’ has moved off of the riverbank and into the 

adjacent riparian woodlands. She was found in an ambush posture beside a log.

• 28 September 1999: Snake ‘A’ has moved into a den and remained there 

throughout the winter. This is not the same den she emerged from in the spring. 

Figure 18 diagrams the seasonal movements for snake ‘A’.

Snake ‘B’

Snake ‘B’ was a small adult male captured on 13 May 1999 basking directly in 

front of a den. PIT tag was injected and the following data were recorded at the time of 

capture

SEX: Male 

PIT: 4066554025 

SVL: 876 mm 

TAIL LGTH: 75 mm 

WT: 580 g

# RATTLE SEGS: 6 (broken)

Snake ‘B’ was returned to UNO for transmitter implantation. Surgery was conducted on 

14 May 1999. The transmitter operated on a frequency of 149.094 MHz.
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Figure 18. Seasonal movements for snake ‘A' are outlined in red.
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• 18 May 1999: Snake ‘B’ was released at the site of capture. He immediately 

retreated into a den crevice.

• 19 May 1999: Snake ‘B’ was located coiled in dense grass about 10 m from his 

den. He was completely unaffected by my presence.

• 22 May 1999: Tracked Snake ‘B’ down slope to a wood rat midden that was 

previously used as a surface den by another telemetered snake (Snake ‘A’). He 

was not sighted.

• 25 May 1999: Snake ‘B’ had moved a few meters north along the riverbank and 

had taken cover in a rotted log. He was not sighted. He remained at this site 

until 2 June.

• 2 June 1999: Receiving a signal for Snake ‘B’ from the east side of the Big Blue 

River. Permission to access the land is unavailable at this time.

• 8 June 1999: Received permission to access the land that Snake ‘B’s signal is 

coming from. He was tracked to a wood rat nest beneath a large mulberry tree 

and adjacent to a soybean field. The site is about 15 m from the east bank of the 

river. The river flows very rapidly at this site due to the existence of a dam.

• 11 June 1999: Snake ‘B’ has re-crossed the river and was tracked to a wood rat 

nest located in a narrow woodland corridor between a corn field and the river.

He is opaque and does not appear to have fed. He remained here until 26 June.

• 26 June 1999: Snake B’ has moved off of the rat’s nest and is back on the east 

bank of the river. He was located in a riparian strip with moderate overstory 

canopy cover and low ground cover. He had fed on a large food item which was 

visible as a lump at mid-body. He remained in this area until 15 July.
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• 15 July 1999: Snake ‘B’ is once again on the west bank of the river. He was 

tracked to a wooded area that buffers a corn field from the Big Blue River. He 

was moving west through the ground cover.

• 19 July 1999: Tracked Snake £B’ to an area of high nettles density a few hundred 

meters west of his 15 July location. He was weighed at this location and a new 

weight of 768 g was obtained. This is 188 g greater than his release weight. 

This is the last time a signal was received for Snake ‘B’ until 28 September when 

he returned to his den. Numerous attempts were made to receive a signal from 

many vantage points, however Snake £B’ eluded me.

• 28 September 1999: Snake ‘B’s signal was received from the den he originally 

emerged from. A diagram of his seasonal activity can be seen in Figure 19.

Snake ‘C’

Snake £C’ was a small adult male that was captured on 19 May 1999 about 3 m 

up a green ash tree, coiled on a large branch (Fig. 20). The following data were 

recorded at the time of capture:

SEX: Male 

PIT. 4066762E53 

SVL: 890 mm 

TAIL LGTH: 75 mm 

WT: 545 g

# RATTLE SEGS: 7 (broken)

Snake £C’ received a transmitter on frequency 149.112 MHz on 20 May 1999.
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Figure 19. The blue line shows seasonal activity for snake ‘B\
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Figure 20 Snake !C! in the position he was found, coiled on a large branch of a tree
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• 22 May 1999: Released Snake ‘C’ onto the same branch he was captured on. 

He remained coiled momentarily and then retreated into a hole in the branch.

• 25 May 1999: Tracked Snake ‘C’ to a wood snag that had gathered on the north 

side of the dam ori the Big Blue River. He was unable to be reached and was 

not sighted. He remained at this location until 11 June.

• 11 June 1999: Snake ‘C* was sighted on the bank of the Big Blue River just 

above the wood snag he had been occupying since 25 May. A recent shed was 

obvious by the vibrant color of his scales.

• 13 June 1999: Snake ‘C’ had moved only a few meters and was coiled in an 

ambush posture. This was the last time a signal could be received for this snake. 

A constant search was conducted throughout the summer but no signal could be 

obtained. Due to the very short migratory activity of snake ‘C\ his data was not 

included in the spatial analyses.

Snake ‘D’

Snake ‘D’ was an adult, gravid female that was found beneath a sheet of tin on 25 May 

1999. The following data were recorded at the time of capture:

SEX: Female 

PIT#: 40667D4372 

SVL: 848mm 

TAIL LGTH: 58mm 

WT: 700g

# RATTLE SEGS: 9 (complete)

Snake ‘D’ was returned to UNO and was implanted with a transmitter operating on the 

frequency 149.133 MHz. She was released on 26 May at the site of capture.
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• 26 May 1999: Snake ‘D’ was released after surgery to the exact sheet of tin she 

was captured under.

• 28 May 1999: Tracked Snake ‘D’ to the remains of an old deer stand about 20 

meters from her release site. She was beneath a small piece of wood.

• 1 June 1999: Snake ‘D’ was tracked to a wood pile about 0.5 km from her 28

May location. The landowner stated that the stand of dead trees had only been 

in place for about 4-5 years. Snake ‘D’ remained at this location until 1 July 1999 

and was occasionally sighted on both sides (east and west) of the wood pile.

She apparently used this site as a surface den and was always well protected by 

sticks when she was seen (Fig. 21). On 6 June she was found coiled on the east 

side with another gravid female timber rattlesnake. The new snake was returned 

for transmitter surgery.

• 1 July 1999: Snake ‘D’ was found traveling through an alfalfa field north and a 

little east of the wood pile. She had recently shed her skin. She was observed 

for a few minutes and eventually entered a small wooded ravine that bordered 

the field. She was not followed into this area.

• 3 July 1999: Snake ‘D’ was tracked to a wood rat nest located in an unused shed 

on the property of Ken Wegner. She was stretched out at the entrance of the 

nest but retreated into the nest when I entered the shed. She was not harassed. 

Mr Wegner was notified of her presence and was happy to leave her alone until 

she left.

• 6 July 1999. Tracked snake ‘D’ to another wood pile that was intermixed with tin. 

This site is located about 20 m from the shed and is directly adjacent to an active 

hog pen. She remained at this site, moving in and out of the tin and wood, until
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29 August 1999. On one occasion, she was found basking in a low branch on a 

cool morning. The branch was located just above a sheet of tin and she 

appeared to be thermoregulating by receiving reflective radiation from the tin. On 

most occasions, however, she was not sighted.

• 29 August 1999: Snake ‘D’ had left the hog pen area and was found moving 

through a sorghum field between the hog pen and the wood pile that she had 

utilized as a surface den earlier in the year. She was still very gravid.

• 31 August 1999: Snake ‘D’ has returned to the woodpile. She remained here 

until 5 October 1999 and is believed to have given birth here, however no 

newborns were found near the wood pile.

• 5 October 1999: Snake ‘D’ was found stretched out in a sunlit patch of leaves 

less than 3 m from where she would den for the winter. She entered the den on 

9 October 1999. Figure 22 depicts a summary of her seasonal movements.

Snake ‘E’

Snake ‘E’ was captured on 26 May 1999 on land owned by Mike Jones that is 

known locally as Kinney Hill. This is the site of a den that was believed to have been

extirpated, however two neonates were found there in fall of 1998 indicating that the den 

still had inhabitants. Snake ‘E’ was a non-gravid female and was found basking on a 

rocky hillside. She took cover beneath a large rock and was retrieved. The following 

data were recorded on the date of capture:

SEX: Female 

PIT#: 40667E4A64 

SVL: 730mm 

TAIL LGTH: 50mm
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Figure 21. SnaKe ‘D’ conea in sc ire  sticks on a iarge weed pile.

4



Figure 22. Seasonal movements for snaKe ‘D’.



72

WT: 320g

# RATTLE SEGS: 7 (complete)

Snake E’ received a transmitter on frequency 149.152 MHz and was released to the 

rock she was captured under on 1 June 1999.

• 1 June 1999: Snake ‘E’ was released at the site of capture.

• 2 June 1999: Snake ‘E’ has not moved and is still under the same rock.

• 3 June 1999: Snake ‘E’ was tracked to a location about 15 m east-southeast of

her release site and was basking in 100% sun. She took cover beneath a 

leaning log upon my approach. She appeared opaque and maintained a 

defensive posture however she never rattled.

• 6 June 1999: Snake ‘E’ moved again, about 20 m north-northeast of her last 

location and slightly uphill. She was basking, coiled, and completely in the open. 

She moved beneath a thorny bush and began to rattle on my approach.

• 8 June 1999: Snake ‘E’ was still on the hillside but underneath a large rock. Her 

rattling could be heard from beneath the rock.

• 12 June 1999: Received a signal for snake ‘E’ but could not find her. The 

transmitter was found beneath a cedar tree as well as what appeared to be 

rattlesnake scales. Snake ‘E’ had evidently been attacked and killed by some 

sort of predator. A search of the surrounding area was conducted for any 

remains of the body however nothing was found. The transmitter was still 

operable however the antenna had been slightly damaged. It was cleaned and 

sterilized for use in another snake.
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Snake ‘F

On 26 May 1999, a second snake was found at Kinney Hill. This snake was a 

female similar in size to snake ‘E’ and was found taking cover beneath a rock. She was 

implanted with a transmitter on the frequency 149.054 MHz and released on 1 June 

1999 The following data were recorded when she was captured:

SEX: Female 

PIT#: 4066677F0F 

SVL: 715mm 

TAIL LGTH: 51mm 

WT: 320g

RATTLE SEGS: 6 (complete)

• 1 June 1999: Released snake ‘F’ at her site of capture.

• 2 June 1999: Snake ‘F’ has not moved.

• 3 June 1999: Tracked snake ‘F’ to a dry stream bed just below the base of her 

den. She was coiled beneath an elm tree on the hill just above the creek. She 

was in complete shade and was opaque.

• 6 June 1999: Tracked snake ‘F” to a grassy area just above the creek bed. She 

was coiled beneath what appeared to be somewhat of a natural “grass tent”.

She was photographed and was not disturbed.

• 12 June 1999: Snake F’ was found on the same grassy ledge as last time and

her shed skin was found hanging from some low tree branches. She moved off

the ledge while I observed her and took refuge in a root system of a tree.

• 18 June 1999: Snake ‘P had moved from the stream bed and toward an

agricultural field. She was found in a stand of tall grass, coiled about 1 m from a
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large wood pile. She retreated into the wood pile while I was watching her. She 

remained in the vicinity of this wood pile until 1 July 1999. On 23 June a large, 

obvious food lump was noticed as she was basking.

• 1 July 1999: Tracked snake ‘F’ to an area on a pond bank about 30 m west of the 

wood pile she had been occupying. The area was dense with reed canary grass 

and the snake was moving around below the litter layer. She stayed in this area 

around the pond until 19 July when she proceeded to occupy a soybean field.

• 19 July 1999: Snake ‘F’ was found coiled beneath a soybean plant in a soybean 

field. The field was located on the east side of Wildcat Creek, which she must 

have crossed to get to. She remained in the bean field until 8 August and moved 

around to various locations.

• 8 August 1999: Snake ‘F’ was found fully stretched out in a thin grass and shrub 

strip that separated the creek from the bean field. She maintained a defensive 

posture but did not rattle.

• 19 August 1999: Tracked snake ‘F’ to the same general location in the tall brome 

strip between Wildcat Creek and the beans. She was coiled beneath a thin patch 

of very tall grass and did not notice my presence. She remained in this strip until 

6 September 1999 but had moved further south along the creek.

• 6 September 1999: Snake ‘F’ had returned to the same bean field she had 

previously been using. A noticeable food lump was visible as she coiled at 

around the base of a bean plant. She remained in the bean field again until 21 

September when she was found moving out of the bean field and toward the 

creek. She was left alone.
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• 25 September 1999: Snake ‘F’ was captured near her den and returned to UNO 

for removal of her transmitter. She was released on 28 September and retreated 

into a crevice at the den site. Seasonal movements for snake ‘F* can be seen in 

Figure 23.

Snake ‘G’

On 6 June 1999, a gravid female timber rattlesnake was found coiled and 

basking on the same wood pile that snake ‘D’ was using. This snake was returned for 

implantation of a transmitter on the frequency 149.075 MHz. The following data were 

recorded on the date of capture:

SEX: Female (gravid)

PIT#: 40666D2073 

SVL: 833mm 

TAIL LGTH: 54mm 

WT: 525g

RATTLE SEGS: 10 (complete)

Snake ‘G’ was released on 8 June.

• 8 June 1999: Snake ‘G’ was released back onto the wood pile.

• 11 June 1999: Snake ‘G’ has left the wood pile and was found basking on top of 

a sheet of tin on the site of an old abandoned farm house north of the wood pile. 

She took cover beneath the tin as soon as she was approached.

• 12 June 1999: Snake ‘G’ was located beneath the same sheet of tin. She was 

found with two other adult timber rattlesnakes sharing the tin. Both snakes were 

returned for transmitter implantation.
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Figure 23. Seasonal movements for snake ‘F\ The brown lines indicate lines of 

movement.
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• 13 June 1999: Found snake ‘G’ under a different sheet of tin about 10 m east of 

the previous sheet she occupied. She was wedged between two sheets of tin.

• 18 June 1999: Snake ‘G’ was found coiled and in the open in a field of short 

grass. She was very opaque. After observing her for about 30 min she moved 

off and took refuge in an old tin cylinder that was on the ground.

• 19 June 1999: Snake ‘G' was located in a wood rat nest at the base of three 

large elm trees in the yard of the farm house. The nest is made out of a 

combination of tree branches and some tin. Snakes ‘H’ and T were discovered 

to be inhabiting the same nest with snake ‘G’.

• 23 June 1999: Tracked snake ‘G’ back to the wood pile where she was captured. 

She was captured and weighed, and she had lost 18 g since her release. She 

began to shed while she was being restrained. She was released back into the 

wood pile and remained there until she gave birth. She was sighted a number of 

times both on and off the wood pile but always within 1-2 m from it. On 21 

September she was found off the wood pile in a grassy area on the west side. 

She was deflated and had obviously given birth. No newborns were found.

• 21 September 1999: Snake ‘G’ was found near the wood pile moving through 

grass on the west side. She was moving south. At this time she was returned to 

UNO for removal of her transmitter. She was released on 25 September and 

was not seen again after that. Figure 24 gives a representation of her seasonal 

movements.

Snake ‘H’

On 12 June 1999, while tracking snake ‘G\ two new surgical subjects were 

encountered beneath a sheet of tin. One was an adult male and one an adult female.
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Figure 24. Rea lines depict seasonal movements for snaKe G’.
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The female was labeled snake ‘IT and received a transmitter on the frequency 149.152 

MHz. The following data were recorded on her capture date:

SEX: Female (non-gravid)

PIT #: 40663A0B53 

SVL: 870mm 

TAIL LGTH: 60mm 

WT: 574g

RATTLE SEGS: 5 (broken)

Snake ‘H’ was released back under the sheet of tin on 18 June.

• 18 June 1999: Released snake ‘H\ She immediately took cover beneath the 

sheet of tin.

• 19 June 1999: Snake ‘H’ was found in a wood rat nest along with snakes ‘G’ and 

T. This nest was built beneath three elm trees and was forged around some 

stacked sheets of tin.

• 23 June 1999: Snake ‘H’ was found slightly west and south of her previous 

location and was coiled on the edge of a small woodland fragment that bordered 

a corn field. She was opaque.

• 26 June 1999: Snake ‘H’ was tracked back to the tin pile she was captured in. 

She was found with another C. horridus, a male adult, however they were taking 

cover beneath different sheets of tin. She had recently shed her skin.

• 1 July 1999: Tracked snake ‘H’ to a downed, hollow tree slightly west of the tin 

pile she was previously occupying. The base of the tree had been converted into 

a wood rat nost, and snake ‘H’ was coiled beneath the lowest layer of sticks, 

facing outward. She quickly retreated deeper into the hollow tree as I
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approached. She remained in this tree until 11 July when she was found 

foraging in the vicinity of the tree.

• 11 July 1999: Snake ‘IT was discovered in an ambush posture along the side of 

a concrete foundation on the site of an old farm house.

• 15 July 1999: Snake ‘IT was again found in a hollow tree but a different one than 

she had previously used. She was not sighted. This tree was also being used 

as a wood rat house.

• 19 July 1999: Snake ‘IT is still in the hollow tree.

• 22 July 1999: Found snake ‘IT back in the large rat nest/tin pile beneath the three 

elms. She was found in this same location on 19 June with two other 

telemetered snakes. She remained here until 1 August.

• 1 August 1999: Tracked snake ‘IT to a marshy area north of the locations that

she had been using up to this point. She had taken cover in the root system of a

large maple tree.

• 8 August 1999: Snake ‘IT had left the marshy area and returned to one of the 

hollow logs that she had previously occupied. She was inside the log with 

another telemetered snake, snake T, which was an adult male. This tree also 

happened to be occupied by a family of striped skunks (Mephitis mephitis). The 

snakes were not harassed.

• 12 August 1999: Snake ‘IT was found beneath a sheet of tin that was at the top 

of a rocky ledge along a small stream. Once again she was with snake ‘I’. Both 

snakes were captured and returned to the laboratory for analysis of their cloacal 

contents. No motile sperm were found from either snake. Both snakes were 

turned loose the next day.
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• 19 August 1999: Snake ‘IT was found stretched out in full sun. She was located 

near the large maple tree whose root system she had previously taken cover in. 

She was not harassed and she appeared to be alone.

• 21 August 1999: Tracked snake ‘IT to a milo field west of the region she had 

been occupying all summer. She was moving west through the field toward the 

road that bordered this agricultural plot.

• 24 August 1999: Snake ‘IT had moved across the road and was found coiled 

beneath a plum tree just above the roadside ditch. Coiled next to her was snake 

‘I’. Cloacal contents were again analyzed and motile sperm were found in both 

samples.

• 29 August 1999: Snake ‘IT had moved back across the road and taken cover in a 

rat nest located in the roadside ditch and adjacent to the milo field she had 

crossed earlier in the month. She remained here until 18 September. On 16 

September she was sighted and was very close to shedding her skin.

• 18 September 1999: Snake ‘H’ was tracked moving east through the milo field. 

She had recently shed her skin and was moving with determination. She was not 

harassed.

• 21 September 1999: Found snake ‘IT in an ambush position along the same 

concrete foundation she had used as an ambush site earlier in the season.

• 25 September 1999: Snake ‘H’ is still coiled in the same site as 21 September.

• 28 September 1999: Snake ‘IT was no longer coiled by the foundation but had 

moved into the hollow tree with a rat nest at the entrance. She had used this site 

as a refuge earlier in the season.
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• 30 September 1999' Found snake ‘H’ coiled beneath the same sheet of tin she

was captured under. She had fed recently.

• 5 October 1999: Snake ‘H’ was located beneath a sheet of tin just above a rocky 

ledge bordering a small stream. She was (bund beneath this same sheet of tin 

with snake T on 12 August 1999.

• 9 October 1999: Snake ‘H* has entered a crevice just below the sheet of tin she 

was coiled beneath on 5 October. This is her hibernaculum. She remained here 

throughout the winter. The opening to this hibernaculum has a northeast aspect, 

however the area of land above the den is treeless and gets a full southern 

exposure. A complete diagram of movements for snake ‘H’ can be seen in 

Figure 25.

Snake T

On 12 June 1999, while tracking snake ‘G’, two new surgical subjects were 

encountered beneath a sheet of tin. One was an adult male and one an adult female. 

The male was labeled snake T and received a transmitter on the frequency 149.171 

MHz. This snake was actually a recapture from the 1998 distribution survey study. The 

following data were recorded on his 1999 capture date:

SEX: Male 

PIT #: 4066654C02 

SVL: 887mm 

TAIL LGTH: 85mm 

WT: 547g

RATTLE SEGS: 11 (complete)
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Figure 25. Yellow lines depict seasonal movements for snake !H\
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Surgery was performed on 13 June 1999 and snake ‘I’ was released on 19 June.

• 18 June 1999: Snake ‘I’ was released back under the sheet of tin he was found 

beneath.

• 19 June 1999: Snake ‘I’ was tracked to a combination tin pile/wood rat nest. Two 

other radiotelemetered snakes were also using this site on the same date 

(snakes ‘G’ and ‘IT).

• 23 June 1999: Tracked snake T to the north side of a small woodland patch on 

the edge of a corn field. He was coiled on a slight plateau above a small creek 

and at the base of a honey locust tree. Snake ‘H’ was using the same woodland 

patch except she was on the south side.

• 26 June 1999: Snake T had moved due south across an open pasture and taken 

refuge in an ‘island’ of choke cherry trees in the middle of the pasture.

• 1 July 1999: Found snake ‘I’ using a large woodpile that was currently being used

by snake ‘G’ and had previously been used by snake ‘D’. He could not be seen.

• 3 July 1999: Snake T was found beneath the lower branches of a large red cedar 

tree on the edge of a woodland corridor bordering a grazing pasture. He was 

freshly shed and was in an ambush posture. He was photographed.

• 6 July 1999: Snake T was once again located in the stand of choke cherry trees 

he had used on 26 June.

• 11 July 1999: Tracked snake ‘I’ to a heavily canopied woodland hillside located 

just below a pasture and just above a small stream. He was in a perfect ambush 

position. He was photographed and left undisturbed.
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• 15 July 1999: Tracked snake ‘I’ to a woodland edge along an alfalfa field. The 

woodlands were continuous with those of his last location. He had a very 

obvious and large food item in his stomach and appeared to be in a resting coil.

• 18 July 1999: Snake 1’ was still in the same area and still using a resting coil.

• 22 July 1999: Found snake ‘I’ beneath a sheet of tin located under a very large 

oak tree along a limestone ledge. This area was just above a seasonal stream 

and just below a grazing pasture. He appeared to be going into a shed cycle.

• 1 August 1999: Snake T was found in the tin pile/wood rat nest that he used 

earlier in the season. He could not be seen.

• 8 August 1999: Snake T was found with snake ‘H’ inside a hollow log that was 

being used as a wood rat nest and a skunk home. The snakes were seen but 

were not captured.

• 12 August 1999: Snake T was found beneath a sheet -of tin along a pasture edge

and above a rocky ledge. He was found with snake ‘H’ under the same sheet of

tin. They were both returned to the laboratory for cloacal samples. Neither 

snake had motile sperm in their cloaca.

• 19 August 1999: Tracked snake ‘I’ to a patch of leaf litter along a cattle path just

above the creek bed. He was coiled in an ambush posture and was very cryptic.

He was not harassed.

• 21 August 1999: Snake ‘I’ was found fully stretched out on the bank of a small 

creek. This site is just down the hill (less than 3 m) from the sheet of tin that both 

snake T and snake ‘H’ were found beneath on 12 August.

• 24 August 1999. Snake 1' had moved quite a distance and crossed a road to 

reach a plum tree bordering a pasture and a roadside ditch. He was found within
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a few centimeters of snake ‘H\ who was underneath the same tree. On this 

occasion, cioacal contents from both snakes held motile sperm.

• 29 August 1999: Found snake ‘I’ moving south in a roadside ditch just a few 

meters from the plum tree where he had been found with snake ‘H’ on 24 August.

• 31 August 1999: Snake 1’ was found in the wood pile that he used on 1 July. 

Two other telemetered snakes were in the wood pile at this time -  snake ‘D’ and 

snake ‘G’ -  both gravid females.

• 6 September 1999: Snake ‘I’ is still in the wood pile, as well as snakes ‘D’ and 

‘G\

• 14 September 1999: Tracked snake T to the soybean field that is adjacent to the 

wood pile where he had been recently residing. He was coiled in an ambush 

position and was facing the center of the row. He remained in the soybean field 

until 21 September when he returned to the wood pile.

• 21 September 1999: Snake T returned to the wood pile adjacent to the soybean 

field.

• 25 September 1999: Snake ‘I’ was found in a classic lurking position (Fig. 26) 

along a rodent runway in a small woodland strip south that is south but 

continuous with the wood pile

• 28 September 1999: Snake T had entered a den and remained there through the 

winter. The seasonal movements for snake ‘I’ can be seen in figure 27.
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Figure 26. Snake T in an amousn posture aicng a recent trail.
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F'gura 27. The biue iir.es indicate seasonal movements for snaKe ‘I’.
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APPENDIX II

Capture date, PIT Identification number, sex, and morphometries for all living snakes 

encountered during 1998 and 1999.

Tail Lgth. Weight
Date
04/24/1998

PIT ID #
4066581554

Gender
Male

SVL (mm) 
844

(mm)
74

(9)
N/A

04/25/1998 40663A7840 Female 454 84 N/A

05/02/1998 4066740752 Female 661 67 N/A

05/03/1998 4066677E2C Male 683 50 N/A

05/03/1998 4067072C0D Male 958 78 N/A

05/03/1998 40667C0E50 Male 274 26 N/A

05/03/1998 406662472C Male 274 26 N/A

05/05/1998 4066501119 Male 717 62 473

05/05/1998 40667F291D Male 487 50 163

05/07/1998 40666C2C3B Female 845 50 624

05/12/1998 4066626022 Female 386 28 78

05/30/1998 40666E6D06 Male 995 95 1050

06/07/1998 406630327B Male 1015 85 1010

08/08/1998 4066353E3F Male 795 74 777

08/30/1998 40666D112D Female 880 63 449

09/24/1998 40666A0621 Male 1140 94 1550

09/26/1998 4066654C02 Male 842 83 880

10/08/1998 4067004759 Male 805 71 555

10/08/1998 40667D3E09 Female 327 23 33

10/10/1998 40663B3D14 Female 980 62 890

10/10/1998 4066530619 Male 779 75 450

10/10/1998 4067061501 Male 912 93 1100

10/11/1998 4066723F02 Male 541 47 132
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53
73

450
30
51

111

440
53

950
250
125
49
580
545
700
320
320
525
574
483
700
415
278
32

572
480
620

4066625819 Male 340 27

4066790856 Male 358 29
406667045A Female 475 32

4066774813 Female 785 55
40667A076E Female 320 25
40662E622C Male 321 30
406669207F Male 527 50
4066401678 Male 853 71
4066596770 Male 381 36

501F4A6514 Male 1092 77
40667F5B2D Female 682 45
4066723F02 Male 544 47
40666B1900 Male 340 28
4066554025 Male 876 75

4066762E53 Male 890 75
40667D4372 Female 848 58
40667E4A64 Female 730 50
4066677F0F Female 715 51
40666D2073 Female 833 54

40663A0B53 Female 870 60
40666B5406 Male 869 74
40665F4302 Male 930 79
4066734677 Male 772 71

501F7A4758 Male 682 58

5020241073 Female 308 25
5020211B3A Female 868 55
501F664824 Female 834 55
501F6D3D3D Male 907 85
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09/30/1999 501F692327 Male 917 77 685
10/01/1999 501F3D427F Male 323 25 47
10/09/1999 501F725545 Female 774 44 350
10/09/1999 501F4D7949 Male 972 84 675
10/10/1999 501F722F33 Male 365 31 53
10/10/1999 501F786205 Female 364 24 50


