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Ecology And Behavior Of Timber Rattlesnakes In Kansas: A Stndy of a Widespread 
Species at the Westernmost Limits oflts Range. 
2003 Summary with plans for 2004 and beyond. 

by 
Henry S. Fitch and George R. Pisani 

The timber rattlesnake (Crotalus horridus) is native to the eastern one-third of Kansas, 

occurring west into Kansas's Flint Hills and east to the Atlantic Coast throughout tl1e Deciduous 

Forest Biome. Because it occurs in the most heavily populated parts of the United States, it has 

steadily lost ground from habitat loss and wanton killing by humans. It was present on fue 590-

acre tract of fue University of Kansas Natural History Reservation when tl1e area was set aside 

for protection in 194 7. It was one of fue species chosen for study tl1ere, and in fue first ten years 

of field work 44 were captured, marked, and released. However, by 1957 it apparently was gone 

from tl1e area. 

Elinlination of fire and grazing had promoted tl1e spread of forest; formerly open areas 

supported dense stands of trees, and despite protection from killing by humans, fue snakes 

steadily lost ground. At least one, an adult male caught and marked on fue Reservation, was later 

killed by a farmer on cultivated land of his property at fue northern edge of the Kaw River 

Valley, ca 2 miles soufu. Some snalces may have survived by shifting tl1eir ranges to fue 0.5-1.0 

mile north where fue limestone hills and rock ledges characteristic offue Cuesta Formation, witl1 

more open habitat, occurs. 

The Cuesta is fairly level habitat some 66 m higher fuan tl1e Kaw Valley.(Schoewe, 1949). 

Along its edge at tl1e 324m level is an outcropping of hard limestone, and fuere is anotl1er at fue 

316 m level. On fue Cuesta there is little cultivation; land is used mainly for grazing, and for a 

long tin1e it has been fue landowoers' custom to girdle and bulldoze tl1e trees, shoving fuem onto 

tl1e rock outcrops or into eroding gullies. The resulting tangle of dead limbs, tall weeds and 

loose stones creates excellent cover for timber rattlesnalces. Many of fue stones are flat limestone 

slabs tlmt may exceed a square meter in horizontal size. 

The shrinkage in range and numbers of Kansas timber rattlesnalces convinced us of the need 

for a field study while it was still possible. Additionally, it is of biological importance to discern 
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the factors that constrain the westward expansion of the species' range [climate, competition, 

geology, etc] and eastern Kansas is at the western limit of that range. The influences of climate 

and elevation as limiting factors for eastern populations was discussed by Martin (2002), but no 

similar explanations exist for western limits. 

In recent years several have been found on the University's Nelson Experimental Study Area 

in the southeastern comer of Jefferson County and especially along its eastern boundary 

bordering the Frank B. Cross Reservoir in Leavenworth County, and this seemed a promising 

place to start. A proposal was submitted to the Kansas Department of Wildlife and Parks, and an 

unexpected bonus was gained through the generosity of doctors Harry W. Greene of Cornell 

University and Dave Hardy of Tucson, Arizona who made available telemetry equipment 

resulting from their 15-year study ofBlacktailed Rattlesnal(es (Crotalus molossus) in Arizona. 

In a mid-April search of about 100 m of rock outcrop along the north side of the lal(e, Fitch 

and his daughter, Alice F. Echelle captured several rattlesnal(es, and Pisani, continuing the 

search captured 19 more. Six (one adult male; 2 subadult females; 3 mature females, two of 

which carried large follicles in April) were equipped for radiotelemetry and all others were scale

clipped for individual recognition and equipped with passive integrated transponder (PIT) tags. 

The number of snal(es captured exceeded our most optimistic expectations. Radio transmitters 

were surgically implanted intra-abdominally by the Univerity' s Animal Care veterinarian Dr. 

James Bresnahan. On April26 the radio-equipped snal(es were released, and were trailed almost 

daily throughout the sununer by Pisani and Fitch. 

The overall habitat consists of a mixture of woodland (mainly in narrow bands around 

hilltops and upper slopes) and grassland. The open areas are mostly dominated by tl1e introduced 

pasture grass BromllS inermis. In places, relict clumps of native tall grass occur: big bluestem 

(Andropogon germ·di), and Indian grass (Sorghastrun nutans). Goldeurod (Solidago sp.) is 

dominant in one oftl1e tracts on tl1e property. Other common forbs are dogbane (Apocynum 

cannabinum), milkweed (Asclepias sp.), yarrow (Achillea millejlorum), common ragweed 

(Ambrosia artemisiifolia), aster (Aster sp.), tall thistle (Cirsium altissimum), oxeye daisy 
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(Cluysanthemum leucanthemum) horseweed, (Conyza canadensis), Philadelphia fleabane 

(Erigeron philadelphicus), tall eupatorium (Eupatorium altissimum), snow-on-the-mouotain 

(Euphorbia maculata), ironweed (Vernonia) and woolly verbena (Verbena stricto). Cones or 

isolated plants of smooth sumac (Rhus glabra) and roughleaf dogwood (Comus drummondii) 

also occur in the old field habitat Tall weeds growing through dead brush were pokeweed 

(Phytolacca americana) and hemp (Cannabis sativa). 

Along rock outcrops are bands of trees, often 17 to 35m wide, with trunks up to a foot or 

more in diameter, consisting of Osage Orange (Maclura pomifera), Honey Locust (Gleditsia 

triacanthos), American Ehn (Ulmus americana), Walnut(Juglans nigra), Co=on Hackberry 

(Celtis occidentalis), Cherry (Prunus sera/ina) and various other sera! species. 

In the grassland the prairie vole (Microtus ochrogaste1~ is the principal prey species; prey 

usually associated with trees along the rock ledges are the Florida woodrat (Neotomafloridana), 

white-footed mouse (Peromyscus leucopus) and Elliot's short-tailed shrew (Blarina hylophaga). 

The woodrat is important not only for food but for shelter. Its dome shaped stick houses, often 

intertwined into an almost impenetrable tangle of the two heavily spined tree species (Osage 

Orange and Honey Locust) are favorite hiding places for adult snalces, though the subadults were 

not fouod in that habitat through the season. The rats themselves are subject to periodic die-off's, 

but their houses last for years, and provide shelter not only for the snalces but for some of their 

other prey species. Nests usually are added to by new rats, and thus may expand to over a meter 

in height and diameter. 

The several field studies (Brown 1993; Martin 1992, 2002; Galligan and Duoson 1979; 

Gibbons 1972) that have been made of Crotalus horridus are mostly in the eastern parts of tl1e 

geographic range. A major study was made in northern New York by Brown (1993), who for 

many years in tl1e 1990s carried on a radiotelemetric investigation. Morphological (Pisani, et a!. 

1973) and molecular (Clark, eta!., 2003) studies indicate that tl1ose New York snalces are the 

same species as ours in Kansas. Repeated systematic studies have not succeeded in showing 

significant morphological differences even at the subspecific level. 
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One might even question the need to study the species again here in Kansas when careful 

studies have been completed in the East (see summary in Brown 1993). But in fact the genetic 

uniformity of this species, coupled with its wide range across areas differing greatly in climate 

and geology, raises a number of questions relating to the ecological and behavioral plasticity of 

tllis snake. 

For example, our Kansas timber rattlesnalces are very different ecologically. The time 

required to reach sexual maturity is a good example. In Brown's New York population females 

reach maturity and produce litters at nine or ten years of age. And then they do not produce 

litters annually; often two or three years may intervene between litters. From records collected 

on the Reservation we have found, on the contrary, that our Kansas snalces mature in the third 

year and produce litters when they are three years old; some may delay maturity until the fourth 

year. Our Kansas snalces, when mature, usually produce a litter every year but may sometimes 

skip a year. In the time required for one generation of northeastern horridus a Kansas pair might 

mature, multiply (with an average litter size of about 8 young), and become great, great 

grandparents, with hundreds of ultimate descendants. 

In New York, hibernacula are in the mountains on talus slopes ofloose igneous rocks. The 

combination of heavily wooded (and thus shaded) slopes and durable bedrock of this northern 

area may linlit availability of suitable hibernacula. The snalces malce long and purposeful 

migrations, concentrating at hibernacula in the fall and dispersing in the spring. Here no such 

extensive migration occurs. The snalces often hibernate singly or in twos and threes in hillside, 

limestone outcrops, though the den used by snakes in tlris study plainly has a larger aggregation. 

Harold Dundee and Richard Loomis (Dundee, pers. co=.) captured 44 Crotalus horridus and 

39 Agkistrodon contortrix, as well as a few Elaphe obsoleta at a co=unal den in Douglas 

County in spring 1952. 

When tl1ey first emerge, timber rattlesnakes typically remain in the den habitat for several 

weeks, and then begin to disperse along routes fuat seem to be well-established. Scent trailing in 

tlris species is well-lmown (Weldon, eta!. 1992; Brown and Maclean 1983; Seigel eta!. 1987). 
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Unlmown at present is whether or not the snakes at a den comprise an extended family group. 

We hope to secure funding in 2004 to allow us to subcontract mtDNA analysis of a cohort of 

snal(es from tlris and other dens to evaluate relatedness; mtDNA is inherited through the female 

parent, and we will be able to subcontract analysis for relatively modest cost in exchange for 

authorslrip on tl1e resultant paper. 

Timber rattlesnal(es are along-lived species (Pisani and Fitch 2002), and adults seemingly 

utilize familiar bands of habitat during tl1e activity season. Usual measures of "home range" in 

fact seem inappropriate for these adults, as our 2003 study indicated tl1at adults very closely 

follow topographical features to what may be regular summer sites. One of the questions we 

hope to address in 2004 is the site-fidelity and route-fidelity of these adults and others in the 

same population. The use of "minimum convex polygon" home range models for adults gives a 

lrighly distorted view of their actual behavior, which in 2003 was restricted to narrow bands of 

habitat. These factors have major conservation implications for the species in areas of human 

development, as development may create significant barriers to dispersal (egress) from dens 

and/or return (ingress). 

Unlike the spatial patterns of adults oftlris species monitored in Nortl1 Carolina by Sealy 

(2002), tl1e typical extent of movements by tl1e male and the adult females did not appreciably 

differ, and many of the same physiological features of the habitat bands were utilized, sometimes 

at tl1e same time, by the sexes. 

Distinct from tl1e movement pattern followed by adults in our study was the pattern of tl1e 

subadults. Botl1 females ranged mainly in the edges of open brome fields or (more extensively) 

into a terraced "old field" tract. Significantly, neither of these snakes resided in habitat of the 

adults during tl1e entire season. The area covered by the 2003 season movements of eitl1er 

subadult exceeded that of any of tl1e adults tracked iliat season. The aforementioned "minimum 

convex-polygon" home range model is applicable to the movements of the subadults. Tlris raises 

tl1e question of territoriality in adult snal(es, and if it exists how is it manifested. Our study of 

differences in movement between adults and subadults also introduces tl1e question of how 
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sub adults orient, and relocate the den ledge in fall. Scent trailing is possible, but the route of 

egress and ingress of one of the subadults was a loop across apparently previously untraversed 

[by that snalce] ground. Whether this represented orientation to the scent trails of other, 

untelemetered, snalces using the den or to some other cue such as polarized light (Gregory, eta!. 

1987) is unlmown. These questions are further aspects of the species' ecology we hope to explore 

in 2004. 

One subadult spent a considerable portion of the extremely hot 2003 summer in trees, 

sometimes at heights above 6m. Arboreality in timber rattlesnalces is well-documented (S. 

Beaupre, pers. co=.; Collins 2003; Sealy 2002), and the species may have carotid blood flow 

adaptations that facilitate a degree of arboreality (Lillywhite and Smits 1992). The functions of 

such arboreality may involve foraging, as bird nests were observed in the trees frequented by this 

subadult female-81. However, a thermoregulatory role is not impossible. Female-81 began 

utilizing arboreal habitat on 8 July 2003, the beginning of that su=er's prolonged drought/high 

heat episode. Thereafter, she utilized trees regularly. K. Armitage (pers co=, and Melcher, et 

a!. 1990) noted the importance of elevated microhabitat to avoidance of heat stress by adult, and 

more effectively by juvenile, Yellow-bellied Marmots. Juveniles were able to experience a 

Standard Operative Temperature (Tes) of up to 1 0°C lower on elevated, open rocks than at 

ground level during the heat of stunmer. Tlris potential role of arboreality in the ecology of 

timber rattlesnalces warrants further investigation via use of temperature-sensing telemetry. 

Data from other localities, and Fitch's (1999) observations of Kansas populations, indicates 

that the species breeds in late Su=er. However, other sources (Collins and Collins 1993; E. 

Rundquist, pers co=.) suggest that Spring mating also is utilized. The sudden long, upwind 

movement of our telemetered mature male in May to join female-96 suggests that an airborne 

pheromone, as opposed to the well-documented ground-resident scent trails or the novel idea of 

learned behavior (Coupe 2002), may be utilized by females in breeding condition to attract 

mates. Again, this is a question we hope to address in the 2004 field season. 

Feeding was not noted in any of the snalces monitored in 2003 during the heat/drought of 
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summer months, and in fact each snake lost weight during that season. The latest feeding noted 

was by male-99 on I July; air temperature was then noted as "80s (F0
). Gravid females in other 

studies have been noted as not feeding during Summer (see Fitch 1999:43), but feeding has been 

recorded for gravid females by Martin (1992), among others. Following the rains and overall 

drops in temperatures on and after 1 September, feeding resumed with both subadults and and 

one adult telemetered snalce. Persons trapping small mammals in habitat utilized by the two 

subadults indicated no apparent drop in rodent abundance during the months of July and August, 

though tins must be regarded as anecdotal at tins point. 

Thus, further investigation of the interrelatedness of thermoregulation, body size, 

n:ricrohabitat, and feeding in tl:ris species here, at the extreme western part of its range, should 

provide important comparative information of management and conservation value. 

The baseline activities planned for ti1e 2004 field season, things whlch can be accomplished 

with n:rinimal additional funding, are as follows: 

1- Monitor ti1e four adult snakes from the 2003 season from the time they emerge from the 

den, talcing emergence weights and assessing the reproductive state of the females. 

Females number 96 and 93A bore litters in 2003; female number 83 did not. Our 

expectation is timt numbers 96 and 93A will not bear litters in 2004 and that number 83 

may have accumulated sufficient energy to do so. 

2- Capture all possible snalces from tins den upon emergence to assess the ratio of marked 

(from 2003) to unmarked, and thus begin to get an estimate of the population size at tl:ris 

den site. Classical estimates such as Lincoln mdex may in fact have validity here in a 

time frame where ti1ere is equal catchability among the sexes and most age classes. Other 

estimators may serve tl:ris purpose better, but all rely upon the intense sampling we will 

do. 

3- Again trail telemetered snakes from the 2003 study to observe dispersal routes and 

waypoints used by adults in particular. Are these the same as in 2003? Do snakes disperse 

to ti1e same summer ranges as they did in 2003? Knowledge of patterns of dispersal is 

paramount to formulating an effective management and conservation plan for tl:ris 

species. We have been assured of a Joan of 4 additional transn:ritters (adult snalce size) for 

2004. Addition of 4 adults to our sample will provide substantially more data on dispersal 

routes and associations during ti1e activity season. We also hope to obtain two smaller 
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transmitters for use in additional subadults to assess differences in dispersal and habitat 

utilization from adults as noted in 2003. 

4- Conduct field experiments with mature females which carry mature follicles and thus are 

of breeding condition to assess the mechanics of mate location in tlus species. In 

particular, to investigate the possibility of an airborne pheromone utilized by such 

females to attract mates. TIJ.is will be done by positioning confined females in wire-screen · 

enclosures at a position such that an airborne pheromone will readily dissipate, and tl1en 

monitoring the site(s) for searching males. 

In order to effectively monitor the plam1ed number oftelemetered snakes in 2004, it would 

be helpful to be able to employ student help for assistance with tracking. We of course do. not 

!mow what fimds may be available for t11is purpose from KDWP, but can malce an estimate of 

need. Tracking begins in mid-April, and based upon 2003 will continue through mid to late 

September (about 22 weeks). Paying an hourly rate of $8 for 12 hours/week would require 

$2112. Two persons, a KU student and a high school teacher, who helped in 2003 are possibles 

for such employment- they helped on an "as available" basis in 2003, but need an income for 

more extensive involvement. 

On December 17th I discussed with Joe Collins my "dream" of a far more extensive research 

program on t11is species, one designed to provide in a relatively short tinle frame (5 years) a 

thorough exanJ.ination of tlus species in eastern Kansas. A plan for that in the event funding 

becomes available is appended to our cover letter. 
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