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Abstract. This paper provides natural history information including home range and movements, growth
rates in the wild, and cloacal autohemorrhaging on black kingsnakes (Lampropeltis getula nigra Linnaeus
1766) that is absent from the literature. We used long-term mark-recapture techniques including coverboards
and radiotelemetry to study a population of L. g. nigra in East Tennessee. Over the 6-yr period of the study,
730 captures of 12 snake species were recorded. Neither total nor individual L. g. nigra captures Miffered
significantly among the years of this study. Because we had a 55% Y&capture rate and multiple year capture
records of 32 individuals, we were able to analyze growth rates and provide estimates of age group size
ranges. Growth rates were highest in first year snakes and decreased thereafter. There was no difference in
the S VL or mass of males and mature males (> 0 cm) had longer tails than females with equiv-
alent SVLs. Mean S VLS did not vary among most years egurgitation at capture provided information on
the size of prey items for this species. A behavior known as cloacal autohemorrhaging, previously not
described for L. g. nigra , was recorded during this study When captured, certain individuals protruded a
bright red cloaca and released cloacal contents, including variable amounts of blood. Twelve individuals
were radio-located a combined total of 849 times over a 4-yr period. Mean home range and distance per
move for males were significantly larger than those for females. Monitored snakes made no apparent move
on 338 of 796 tracking days. Indiyiduals traveled considerable distances only to return to previous locations.
During a 26-h survey of two male snakes,. body' témperatures (Tb) varied only 35 QC and 7oc during a peri-
od in which the ambient air temperature (Ta) varied 200C.

Key Words. Lampropeltis getula .nigra; Size and growth; Diet and feeding; Cloacal autohemorrhaging;
Home ranges; Biotelemetry; Anderson County, Tennessee.

Although much progress in areas of snake
ecology has been made (e.g. community ecology,
Vitt, 1987), snakes are still a relatively under-repre-

sented taxon in ecological research (Beck 1995;
Fitch 1987; Gibbons and Semlitsch 1987; Shine
1987; Weatherhead and Hoysak 1989). Parker

Plummer (1987) identify four reasons for the rela-
tively few in-depth and long-term field studies on
snakes: (l) many species are secretive and have
nocturnal habits; (2) activities are often interspersed

with relatively long periods of inactivity; (3) sani-

ple sizes are inadequate because of presumably low
population densities; (4) predicting movements and
defining home range boundaries is difficult. We
have completed a long-term study of the black
kingsnake (Lampropeltis getula nigra) that has
overcome •some of the above pitfalls and provides a
better understanding of the population structure and
behavior of this species.

From 1990—96, in conjunction with the Clinch
River Environmental Studies Organization
(CRESO), we conducted an inventory of the flora
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and fauna of the Anderson County Wildlife
Sanctuary in East Tennessee. This site is interesting
for two tæasons: (l) the area has a long history of
human disturbance including farming, logging, and
sanitary landfill activities; (2) the snake fauna
includes a large population of L. g. nigra.

In their remarks on L getula, Ernst and Barbour
(1989) stress the need for a more comprehensive
study of this species. Our study provides specific
data on (l) snake assemblage and kingsnake cap-
tures, (2) size and growth, (3) diet, (4) cloacal auto-
hemorrhaging, (5) home ranges and movements,
and (6) cloacal temperatures and biotelemetry.

MATERIALS AND METHODS

Study Area
We conducted our study in the Anderson

County Wildlife Sanctuary (ACWS), situated along
the Clinch River within the Valley and Ridge phys-
iographic province of East Tennessee (3603' N,

0 11' W). The site was used as a Poor Farm from
5—1962, served as a county dump for ten years,

as upgraded to a sanitary landfill in 1972.
•e !andfill was closed in May of 1982 and the
i!-unal 60 ha that the Poor Farm had occupied
-arne the ACWS in 1988 and was managed by

Clinch River Environmental Studies
Organization (CRESO) through 1996.

The area is chæacterized by four major habi-
forest 40 ha), recovering landfill and other

areas of old field habitat 15 ha), pine plantation

3 ha), and limestone bluffs 2 ha). Our study
focused mainly on old field and old-field-transition

habitat (mostly recovering landfill), including

woodland-field ecotone. Limestone forms the land-

fill base and the surface is dominated by Japanese

honeysuckle (Lonicera japonica), broom sedge

(Andropogon virginicus), sericea (Lespedeza
cuneata), goldenrod (Solidago canadensis), bram-

bles (Rubus spp.), and young Virginia pine (Pinus

virginiana). The area also includes a small pond

(0.27 ha), constructed to contain runoff.

Sampling Methods

We scattered coverboards consisting of 99

pieces of metal and 50 pieces of yood (mean size =

1.7 m2, SD = 0.83, range = 0.4—4.4 m2) throughout

an area that covered 10 ha. Distance between cov-

ers was not standardized but was always < 40 m.

Covers were distributed in open fields and wood-

land-field ecotone. We conducted searches consis-

tently from April—September, with searches in
March and October of some years. Each search (V

1.5 hrs of effort) consisted of checking all cover-

boards. Searches were a minimum of 48 h apart.

Opportunistic captures of snakes not under cover-
boards were also made during this time. Search
effort during April, May, and September was 3 h per

week, and 4.5 h per week in June, July, and August,

for a total of 90 h per year. Search times were

based primarily on what we considered optimal

ambient air temperature (Ta) ranges for snakes, but

we also conducted searches outside these ranges in

order to evaluate use of coverboards by snakes.

We recorded Ta (± 0.5 0C) and substrate tem-

perature beneath the coverboard after snake capture.

We used a Taylor thermometer that was checked

against a Physitemp (model BAT-12) digital ther-

mometer for accuracy. The coverboard was returned

to its original position and substrate temperature

was recorded 3 min later. A Miller & Weber cloacal

quick-reading thermometer was used to record cloa-

cal temperatures (Tc; ± 0.5 0C) immediately upon

capture. We recorded mass (± 0.1 g) and measured

snout-to-vent length (SVL; ± 0.1 cm) and vent-to-

tail length (VTL; ± 0.1 cm) by stretching snakes

along a 120 cm aluminum ruler. Most snakes had

two independent SVLs taken and measurements
were normally within 2 cm, even on large speci-
mens. Means were used when independent SVLs
differed. When only one researcher was present,
SVLs were taken only once. Snakes recaptured
within 14 d of previous capture were not remea-
sured. We marked snakes by clipping caudal scales
(Blanchard and Finster 1933). In addition, photo-
copies of the unique ventral patterns of individual L.,
g. nigra proved to be an efficient technique for iden-
tifying recaptures. Beginning in 1992 all snakes
were probed to determine sex (Schaefer 1934). We
released snakes at their capture site after data col-
lection, usually within 24 h. In 1995 we began keep-

ing records on a rarely observed behavior, described

by Greene (1988) as cloacal autohemorrhaging.

Radiotracking
From 1993—96, radiotransmitters were surgi-

cally implanted (Reinert and Cundall 1982) into
twelve individuals to study movements. The trans-

miners (Wildlife Materials, Inc. SOPB-2380-MVS)
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weighed 6—9 g. The mean transmitter mass/snake
mass was 4% (range = 2—7 C/o). We used a three-ele-
ment quick-connect Yagi antenna and a TRX-64S
receiver (Wildlife Materials, Inc.) to locate snakes.
The transmission range was 2.5 km and the bat-
tery life was >150 d. Transmitters were surgically
implanted by anesthetizing snakes with an injection
of ketamine hydrochloride (2.2 mg/ 100 g) and plac-
ing them in a flow chamber containing a gas mix-
ture of 3% isoflurane/2 L oxygen/min. Snakes were
intubated —15 min later using the same gas mixture.
Snakes were released within 24 h following sur-
gery. We calculated home range, the area covered
by an animal in the course of its normal daily activ-
ities during a specified time period (Burt 1943;
Gregory et al. 1987), using the minimum convex
polygon method (defended by Jennrich and Turner
1969). Two snakes (males) of the twelve radio-

I tracked were monitored for two consecutive years.
These individuals were represented for each year
they were tracked in home range and movement
calculations. Straight-line distances were used to
determine movements and AutoCad was used to
plot home ranges. Any location 3 m from a previ-
ous location was considered a move.

In 1996, we implanted temperature-sensing
transmitters into two additional individuals in order
to study aspects of thermoregulation. These individ-
uals were not included in the home range calcula-
tions. Transmitters were calibrated in a water bath

using a Physitemp digital thermometer and a
TENMA multifunction counter (model 725000) that

measured the pulse interval in microseconds. The

counter was connected to the receiver box and made

field operable by using a motorcycle battery con-
nected to a 12 V DC to 115 V AC portable power

inverter. Counter values were converted to equiva-

lent temperatures and transmitters were checked for

accuracy at various Tas. Body temperature (Tb,

transmitter temperature) and Tc were compared after

surgical implantation of the transmitter. These indi-

viduals were captured at least once and Tb and Tc

were compared (largest difference = 1.5 0C).

Analyses
Because of recruitment potential of kingsnakes

from outside the study area, we restricted population

estimates to the yearly minimum number alive. This

number was calculated by adding the number of
snakes recaptured from the preceding years to new

snakes captured in later years. A six month growing
season (April—September) was used to calculate
SVL changes of individuals that were captured in
more than one year. Size at maturity 60 cm SVL)
was based on what Mitchell (1994) reported for L.
getula nigra and what Fitch and Fleet (1970) report-
ed for L. triangulum and Fitch (1978) reported for L
calligaster. Snout-vent range estimates for different
age groups of L. g. nigra were based on SVL
changes of 32 recaptures across years and SVL dis-
tributions of snakes entering hibernation in the fall
and emerging in the spring. All statistical analyses
of mass and SVL were based on the initial capture
record of each individual. For snakes that were
caught in more than one year, one year was ran-
domly selected to be used in size analysis.

RESULTS

Snake Assemblage and Kingsnake Captures
From 1990—96, we caught 730 snakes (includ-

ing recaptures), representing 12 different species.
Ninety-two percent of all captures (98% of
kingsnake captures) came from under coverboards.

Lampropeltis getula nigra (n = 400) accounted for

55% of the captures followed by Storeria dekayi (n

= 151), Coluber constrictor (n = 67), and Elaphe

obsoleta (n = 48), which together comprised 36%

of the total captures. Less than 9% consisted of
other species: Diadophis punctatus (n = 29),
Agkistrodon contortrix (n = 8), Opheodrys aestivus

(n = 8), Thamnophis sirtalis (n = 8), Storeria occip-

itomaculata (n = 5), Carphophis amoenus (n = 4),

E. guttata (n = l), and Virginia valeriae (n = 1).
We captured 180 different L. g. nigra a total of

400 times (55% recapture rate). The number of
kingsnakes captured ranged from 28 individuals in
1996 to 41 in 1992. Neither total nor individual
captures differed significantly among years (total:

= 10.7, 6, P > 0.05; individual: = 3.7,
= 6, P > 0.5). The minimum number alive was cal-
culated for 1992-96: 1992 = 43, 1993 = 37, 1994 =

33, 1995 = 37, 1996 = 38. Because search effort
was not the same in each month, captures per sur-

vey hour were compared to the percentage of total

captures (Fig. l). When all years were combined,

both of these analyses showed a bimodal trend
peaking in May and September.

U Mean Ta at time of ca ture was 22.60 ran e

-320C, 3.7, n = 334 ean cover-
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b rd substrate temperature was 23.3 0C (range =

11—360C, SD = 3.7, n = 325). Kingsnakes were

never found under more than-4Q!Jhe coverboards

on a given search day. There was nÖdiTTéFéö@é-frf

the frequency of encountekåiiider-w ood—versus

metal (X2 = = 0.16, n = 213), but sig-

nificantl more were captured in the afternoon
(mean Ta = 23.3 0C orning (mean Ta =

21.20C•, = 0.05, n = 249).

From 1992—56361-males and 55 females were
captured a total of 296 times with no significant dif-
ference in the frequency of recaptures between
sexes (2<2 = 0.8, d/ = l, P > 0.30). Sex ratios did not
differ significantly for any one year (see Table l) or
for individuals > 60cm that were captured in the
spring (April and May; = 0.4, df= l, P > 0.50, n
= 42). Thirty-two individuals (mean S VL = 66 cm,
SD = 22, sex ratio = 17M: 15 F) were found in more
than one year, with six of these caught in three dif-
ferent years (mean SVL = 63 cm, SD = I l, sex ratio
= 3:3) and four found in four different years (mean
.SVL= 55 cm, SD = 18, sex ratio = 2:2).

: vze & Growth

Captured G . nigra ranged from 25—112 cen-
eters S VL (mean = 6 c , n -171).
me—VL of only one year(1990) differed sig-

Alicantly (One-way ANOVA , F6,164= 4.13, P <
9.001, n = 171) from other years (1994 and 1995).
Mean SVLs of males and females did not differ sig-

nificantly (One-way ANOVA, F1,117= 0.0005, P

1.2

08

0.6

0.4

0.2

Figure L The percent of total captures by month (closed
circles) and captures per survey hour (open circles) of L.
g. nigra at the Anderson County Wildlife Sanctuary,
Tennessee ( 1990-96; n = 400). Ninety-eight percent of L.
g. nigra captures were from under coverboards. Captures
per survey hour are based on 3 h survey per week in
April, May, and September, and 4.5 h survey per week in
June, July, and August for a minimum of 90 survey
hours. Both methods showed a bimodal trend.

TABLE 1. There was no significant difference in yearly

sex ratios of Lampropeltis getula nigra found at the

Anderson County Wildlife Sanctuary, Tennessee.

1992

1993
1994

1995

1996

23

15

14

16

15

13

18

15

16

13

2.78

0.27

0.03

0.00
0.14

0.10

0.60

0.80

1.00

0.71

0.98, n = 119), but males > 60 cm had longer tails

Jthan females withequivalent SVLs (ANCOVA with

SVL as covariate, = 27.9, P < 0.0001, n = 93).

Males and females (SVL > 60 cm ) had tail

length/total length ranges of 11—15% and

8.7—13.2% respectively.

(n = 13) from two different females

that laid eggs in captivity had a mean SVL of 22.7

cm (range = 22—24) and a mean mass of 6.1 g
(range = 5.3—6.7). Young-of-the-year captured in
August, September, and October had a mean SVL
of 27 cm (n = 11, range = 25—29) and a mean mass
of 10 g (n = 10, range = 8.4—12.2). Estimates of
SVL ranges of young-of-the-year through fifth year
snakes are shown in Fig. 2.

Individuals ranged in mass from 4.6—521 g
= 171). A regression

between mass
(y) and SVL (x) was an exponential one of the form
y = (r = .90, df
= 169, Pk-010001Vn = 171; Fig. 3). The difference
in mask-between males and females with equivalent
SVLs was not significant (ANCOVA with SVL as'
covariate, F1,116= .46, P = 0.50, n = 119). This was
also true for snakes > 60 cm SVL = 2.76, P =

0.10, n = 93) and for males and females captured i
spring and early summer (April, May, and June; Fl

56 = 1.49, P = 0.23, n = 59) that were > 60 cm and

had equivalent SVLs.
Based on 41 recaptures of 27 individuals with a

minimum of 2.5 (mean = 7.9) growing months

between captures, mean growth rate was 1.4 cm/mo

(initial SVL and increases per month are given in

Fig. 4). Because of the small number of recaptures of

first-year snakes (n = 2) as compared to other age

categories, SVL differences between first-year indi-

viduals captured in the spring (n = 6) and different

individuals captured in the fall (n = 3) were also cal-
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Figure 2. Estimates of snout—vent length (S V L) ranges
for ditTerent age groups of L. g. nigra captured at the
Anderson County Wildlife Sanctuary, Tennessee. Age
groups were based upon SVL changes of 32 recaptures
across years and SVL distributions of snakes entering
hibernation in the fall and emerging in the spring.

culated. The mean growing interval was 3.5 mo and
the mean SVL increase (2.6 cm/mo) was the same as
that calculated for the two recaptured individuals.
Snakes s 60 cm had a mean SVL increase of 2.4
cm/mo (n = 13, SD = 0.75, range = 1.4 4.2). Those
> 60 cm averaged 0.9 cm/mo (n = 28, SD = 0.95,
range = 0-4.6).

Diet

Six L. g. nigra disgorged food items in holding
bags shortly after capture. All snakes were captured
under coverboards that had a mean substrate tem-
perature of 25 0C (range = 21-31 oc, SD = 3). Five
of the seven prey items came from snakes with cap-
ture times between 1700 and 1900 h. The weight
ratios (prey mass in relation to snake mass) ranged
from 8.4% to 31%.

Three subadults (S VL = < 60 cm) disgorged
prey items representing three species of snakes and
one mammal. A first year male (SVL = 30.4 cm)
captured on 5 June 1995 disgorged a S. dekayi (TL
= 15.5 cm) and a C. amoenus (TL = 24 cm; Byrd
and Jenkins 1996). The second subadult (female,
SVL = 57 cm) disgorged a short-tailed shrew
(Blarina brevicauda). For a third individual (male,
SVL= 58.5 cm) we recorded two different regurgi-
tation events in 1996. On 14 June we recovered the
partial remains (2 g) of a N, sipedon and an intact
C. amoenus (5.8 g, TL = 28.8 cm). On 19
September this snake (SVL = 72 cm) was recap-
tured under the same coverboard and disgorged a
13.8 g pine vole (Microtus pinetorum). Each of the
adults (SVL range 68.3—81 cm): two females, a

male, and the recaptured male mentioned above,
regurgitated a M. pinetorum (range = 10.1—19.6 g).

In 1996, two snakes being radiotracked were
observed feeding during mid-afternoon. Snake 1, a
112 cm (SVL) male, monitored with a temperature-
sensing transmitter, was observed on 15 July (1315
to 1345 h) entering a Terrapene carolina nest and
ingesting two eggs (ground surface temperatures =

26.4-280C, Tbs = 28-290C). Snake 2, a 74 cm
(SVL) male (mass = 150.4 g) was observed on 16
July (1402 to 1420 h) attempting to eat a female L.

g. nigra (TL = 60 cm, mass = 55.8 g). The larger
snake had 4—5 coils around the smaller snake and

the snakes were writhing around on the ground.

During the observation the larger snake started to

flee at which time both individuals were captured.

The Ta was 31 0C and ground surface temperature-

was 28.5 0C.

Cloacal Autohemorrhaging
Captured L. g. nigra often used behaviors

associated with anti-predator mechanisms, includ-
ing tail vibration, tail thrashing, and cloacal dis-
charge. Tail thrashing frequently resulted in the tail
being brought over the back of the restraining hand
where feces and glandular products from the cloaca
were smeared. Individuals that autohemorrhaged
protruded a bright red cloaca and supplemented the
cloacal contents with variable amounts of blood.
All snakes that demonstrated this response were
more than a year old. We observed a total of 53
hemorrhaging events involving 28 individuals

150

100

so

0 20 40 d) 80 100 120 

ii2-

180

Figure 3. Mass as a function of SVL in L. g. nigra cap-
tured at the Anderson County Wildlife Sanctuary,
Tennessee (n = 171; 1990—96), The mass—SVL relation-
ship was an exponential one: Mass (g) 0.0005 SVL
(cm)2.95.
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Figure 4. Size increases per month of L. g. nigra based

on 41 recaptures of 27 individuals with a minimum of 2.5

growing months between captures at the Anderson

County Wildlife Sanctuary, Tennessee.

(eight males, 20 females) with males ranging from

65—96 cm (SVL) and females ranging from 44—91

cm (S VL). Of the individuals identified as autohe-

morrhagers, five males and Il females were cap-

tured two or more times. Only a single male had

more than one hemorrhaging event, but there were

seven females, captured a total of 52 times, for

which 31 hemorrhaging events were recorded.

Home Ranges and Movements

Twelve individuals (8 M, 4 F, mean SVL =

82.3 cm, SD = 11.5, range = 67—106 cm) were mon-

itored with implanted transmitters. Snakes were in

the field an average of 85 d (range = 36—137) and

were radiotracked —4—6 times/wk for a total of 849

locations (see Table 2). The mean home range was

1.97 ha (SD = 1.47, range = 0.13-4.79 ha) and the

mean distance per move was 56 m (SD = 54).

Neither SVL nor mass correlated with home range

size (n = 14, SVL: r = 0.05, P = 0.88; mass: r = 0.06,

P = 0.83). Male SVLS did not differ significantly

from female SVLs (student t-test; t = 1.7, 12, P

= 0.11) but male home ranges (mean = 2.48 ha, SD

= 1.45) were significantly larger than those of

females (mean = 0.70 ha, SD = 0.31; student t-test;

t = 2.3, df= 12, P = 0.04). Males also made signif-

icantly longer moves (mean = 60 m, SD = 57) than

females (mean = 39 m, SD = 36; student t-test; t =

3.3, 419, P = 0.001).

On 338 of 796 (42%) tracking days, individu-

als made no apparent move. Snakes returned to a

previous location 109 times out of 421 recorded

moves. The mean distance moved between returns

was 269 m (range = 7—1585 m) and time between

returns ranged from 1—61 d (mean = 12 d). Eleven

of 12 snakes returned to a previous location at least

once. The most returns was by a male (SVL = 89

cm) that returned to the same location eight times.

The furthest distance it was found from that loca-

tion was 216 m. Two males were tracked for two

consecutive years. Male 1 (see Table 2) had approx-

imately the same home range both years. The home

range for Male 2 was 1.46 ha in 1995. In 1996, this

TABLE 2. Home ranges of twelve radiotracked Lampropeltis getula nigra at the Anderson County Wildlife Sanctuary,

Tennessee. Ml and M2 were monitored for 2 yr and are represented for each year tracked. SVL and mass were based

on initial capture.

Sex SVL
(cm)

64

67

68

80

83

Ml 85

85

87

Ml 89
F 72

85
99

F 106

Mass 
(g)

117

109

105

187

256

227

237

148

243

190

118

210

319

432

Home Range

(ha )

0.13

0.79

3.16

2.01
4.59

4.79

2.18

I .46

3.40

2.27

0.51

0.67

1.20

0.41

Dates
in Field

2 Jun-7 Jul 1994
12 May-24 Jul 1994
7 May-14 Aug 1996

16 Jun-13 Aug 1994

13 Jun-12 sep 1995
8 Jun-16 sep 1995
I May-22 Aug 1993
18 Apr-29 Jul 1995
20 Jun-4 Aug 1996
17 Apr-26 Jul 1994

14 Apr-3 Jul 1994

22 Jun-16 sep 1995
17 Jun-31 Oct 1993
16 Jul-I sep 1994

Times
Located

33

63

80
45

52

52
94

63

60

89

74

45

69

30

Days
Located

33

61

76

43

52

52

85

63

36

84

68
45

68

30
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individual centered its activities in the same area,
but the home range size increased to 3.40 ha.

Cloacal Temperatures and Biotelemetry
From 16 May—29 September 1996, Tcs were

recorded for 22 different L. g. nigra (12 M: 10 F).
All snakes were captured under coverboards. Based
on the paired t-test, Tcs (mean = 26.9, SD = 4) were

significantly higher than Tas (mean = 24.2, SD =

3.3; t = 4.2, df= 21, P = 0.0002) and coverboard
substrate temperatures (mean = 24.7, SD = 2.9; t =
4.3, df= 21, P = 0.0002). Substrate temperatures
were also significantly higher than Tas (t = 2.3, df=
21, P = 0.016). Male and female Tcs did not differ
(student t-test; t = 0.85, 20, P = 0.4).

From 25 June—20 July 1996, using tempera-
ture-sensing transmitters, we recorded 50 body
temperatures (TbS) for Snake 1 (male, 96 cm S VL,
292 g) and 37 for Snake 2 (male, 112 cm SVL,
-185.5 g). There was no difference between mean Ta
(25.8 0 C, range = 11.5-36.9 0 C) and mean Tb
25.7 0C, range = 18.5—35 0C, paired t-test; t = 0.20,

= 86, P = 0.83), but on sunny days, the mean Tb
l). I O C) was lower than the mean Ta (28.7 0C;

I-test; t = 5.5, elf = 52, P < 0.0001). Thick
ion made it difficult to determine whether,
were above or below ground.

10m 3—4 July, temperatures were taken
.oximately every 2 h for a 26-h cycle (Fig. 5);

Ang this time, both snakes remained in a fixed

Snake I stayed underground, just inside a

;tnnp of small Virginia pines (P. virginiana) at the

aop of the landfill. Snake 2 was located off the land-

fill, mostly underground, around a limestone out-

crop in a field characterized by scattered groups of

cedars (Juniperus virginiana) and patches of bram-

bles (Rubus spp.). Landfill Tas ranged from

12.7-32.8 0C (mean = 21.3 0C, SD = 6.5, n = 13).

The Tb of Snake I ranged from 22—26 0C (mean =

24.ooc, SD = 1.3, n = 13). The Ta in Snake 2's area

ranged from 11.5-29.5 0C (mean = 20.3 0C, SD =

63 n = 13). The Tb of Snake 2 ranged from

23.5-3 I OC (mean = 26.4 0C, SD = 2.4, n = 13).

DISCUSSION

Snake Assemblage and Kingsnake Captures
Of twelve species of snakes found at our site, L.

g. nigra captures made up more than half of our total
captures. The sampling biases associated with the
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Figure 5. Ambient air temperatures (Tas, circles) and
body temperatures (TbS, squareS) of two male L. g. nigra
(Snake I closed symbols, Snake 2 open symbols) from
3—4 July 1996 at the Anderson County Wildlife
Sanctuary, Tennessee. During the 26-h period Ta fell
200C while changes in Tb were 3.5 0C and 70C.

use of coverboards in studying snake assemblage
are uncertain. However, coverboards do not appear

to be a major.influence on the density and high pro-

portion of kingsnakes found in our study. Neither
total nor individual captures of L. g. nigra differed

significantly between years; furthermore, calculated

minimum number alive was the same for 1993 and
1995 and only differed by one in 1996. For the past

three years we have been using coverboards in old-
field habitat at another site, the University of
Tennessee Arboretum (UTA) in Anderson County,
TN (35 060' N, 840 13' W), located 6 km to the W
of our study area. Both individual and total encoun-

ters of E. guttata, E. obsoleta and C. constrictor
have substantially outnumbered L. g. nigra encoun-
ters at the UTA site (unpubl. data).

Two other studies (Johnson 1964; J.A. Klein,
pers. comm. 1995) conducted within the Valley and
Ridge province of Anderson County, TN, found C.

constrictor (n = 85) to be almost twice as common
as L. g. nigra (n = 47). Johnson (1964) found six
other species, including E. obsoleta and E. guttata,
to be more common than L. g. nigra; furthermore,
E. guttata, A. contortrix, T. sirtalis, and D. puncta-
tus use habitats similar to L. g. nigra, but these
species comprised only 6% of our total captures,
while comprising 38% and 26% in Johnson's and
Klein's studies, respectively. Although there were

differences between capture methods (Johnson and

Klein used additional collecting techniques) and the

overall types of habitats surveyed in our study and

those conducted by Johnson and Klein, all of the

studies made use of coverboards placed in habitats



64
Herpetological Natural History, Vol. 8(1), 2001

known to be used by L getula. Some of the dis-
crepancies could, in part, be explained by the high
density of L. g. nigra at our site. Presumably L. g.
nigra has overlapping trophic niches with several of
the above species (example: E. guttata and A. con-
tortrix) and all are suitable prey for L. g. nigra.
Because of the large number of coverboards avail-
able to snakes in our study and the fact that we
never found more than 4% occupied by L. g. nigra
at any one time, there was ample opportunity for
other species to utilize coverboards.

Grant et al. (1992) conducted a coverboard
study from 1988—90 at the Savannah River Ecology
Laboratory (SREL) near Aiken, South Carolina.
Coluber constrictor (n = 50), E. guttata (n = 5), and
E. obsoleta (n = l) were found under coverboards
in the SREL study. Interestingly, out of 227 encoun-
ters of snakes under coverboards, no L. getula were
recorded. Two of the sites surveyed were near
Carolina bays. Gibbons (1977) listed L. getula as

common at the SREL and often found around per-

manent or temporary aquatic areas. An intriguing
question is why coverboards were attractive to L g.

nigra at our study site but failed to produce any
encounters for this species in the study by Grant et

al. (1992). In the future it will be important for

researchers using coverboards to standardize meth-

ods and to identify physical and biological factors

that could explain different results.

The activity pattern based on encounters of L. g.

nigra under coverboards was a bimodal curve peak-

ing in May and September. Gibbons and Semlitsch

( 1982) reported a unimodal trend, peaking in June,

lor L. getula at the Savannah River Site. The differ-

ence is probably more reflective of collecting tech-
yues (drift fences vs. cover boards) than actual dif-

trences in activity patterns. Captures of L. g. nigra

:nder coverboards were normally low in July and
August, but radiotracked snakes were above ground
and rnoving in these months, suggesting that cover-
boards produced a seasonal sampling bias.

Radiotracking data, feeding observations, and
freshly disgorged prey items by individuals captured
in the late afternoon support a diurnal activity pattern
for L. g. nigra. Recent intensive tracking of an indi-
vidual at the UTA site predominantly showed a mid-
day to early afternoon activity pattern for L. g. nigra
(T J. Thomasson, unpubl. data). These data agree
with what other researchers have reported for L.
getula (Conant 1975; Gibbons 1977; Mitchell 1994).

Our data indicate a relatively stable population
between study years. Capture rates and mean SVLs
were similar for all years. The overall sex ratio of L.

g. nigra did not differ from and there was no
significant difference in the number of males and
females captured in any one year. Parker and
Plummer (1987) cite at least seven studies that

point to males being more common in spring sam-

ples because of increased sexual activity. We found

equal numbers of males and females in the spring.

In addition, snakes recaptured across years had

equivalent sex ratios, suggesting that males and

females had similar survival rates.

Size and Growth
We found no published data from a single pop-

ulation on size differences between male and female

L. g. nigra. Mitchell (1994) reported that adult male

L. g. nigra in Virginia were larger than adult
females. Fitch (1978) found L. calligaster males to
be larger than females. Male and female L. g. nigra
in our study were not significantly different in size.
Furthermore, the largest male (SVL= 112 cm) in our
study was substantially smaller than the largest male
(SVL = 145.6 cm) reported by Mitchell (1994). We
also found that male kingsnakes > 60 cm SVL had
longer tails than females. The ranges that we report
for tail length/total length are similar to what Ernst
and Barbour (1989) report for L getula.

The mass—SVL relationship reported for L
getula (mass = 0.0004 by Kaufman and

Gibbons (1975) near Aiken, South Carolina wms

similar to L. g. nigra at our site (mass = 0.0005

SVL2•95). Although subject to sampling bias and

temporal variations in prey availability, these data

are potentially useful for making comparisons

between local populations and for comparing indi-

viduals within a population. For example, we used

mass-SVL relationship as a health indicator for

snakes being radiotracked.

Our study is the first to report growth data in

nature for L. g. nigra. Hatchling SVL and mass

ranges that we report for L. g. nigra fall within the

ranges reported by Ernst and Barbour (1989) and

Mitchell (1994). The pattern of size increase was

similar for L. calligaster in Kansas (Fitch 1978).

but these first- and second-year individuals grew

considerably faster than the L. g. nigra at our site.

Mitchell (1994) reported that size at maturity for L.

g. nigra is -60 cm SVL for both sexes which agrees
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with what Fitch (1978) reported for sexual maturity

in L. calligaster in Kansas. We found that snakes in

our population attain this size during the second or
third year of growth. There is also a noticeable
increase in the mass/SVL ratio at —60 cm.

Cloacal Autohemorrhaging
The behavior of cloacal autohemorrhaging was

one of the more interesting observations in this
study. We confirmed only three other reports of this
behavior in snakes. Lardie (1961) reported a
bloody-looking fluid released from the vent of
longnose snakes (Rhinocheilus lecontei) captured
near Kern County, California, H. W. Greene (pers.
comm. 1996) has observed the behavior in speckled
kingsnakes (L. g. holbrooki), and J. E. Fauth (pers.
comm. 1998) informed us that he observed hemor-
rhaging in a male L. g. getula found in Francis
Marion National Forest in South Carolina.

This behavior could represent a stress response
or a range of possible antipredator mechanisms,
from startle effect to attracting a predator to the less
critical tail area (see Greene 1988, for a discussion
jn antipredator mechanisms). Our experience sug-
ests that the discharge could readily be smeared
jout the face of certain predators. Thus, tail

•hing and discharge may be enhanced by the
red cloaca and blood, which may be novel to

D lator relative to most members of the prey
anity (Gans and Richmond 1957; Humphries
-iver 1967, 1970). Autohemorrhaging was not

. ed in L. g. nigra that were less than a year old
44 cm). The lack of effect on predators

froiii small amounts of blood or the energetic cost
of losing blood could make hemorrhaging an inap-
propriate response for smaller individuals.

Colwell (1999) evaluated parasites found in
cloacal discharges of L. g. nigra found at our site.
Hemorrhagers did not differ from non-hemorrhagers
in their parasite profiles (S.T. Colwell, pers. comm.
1998). Developing hypotheses on why more than
70% of the hemorrhagers were females will require
a closer look at the internal structure of the cloaca
and scent glands (at least a portion of the blood
came from the scent glands) of males and females.

Home Ranges and Movements
Our study is the first to report home range and

movements of L. g. nigra. Most snakes were moni-tored for a reasonable length of time but time

frames were not standardized, thus making it diffi-

cult to detect general patterns (Macartney et al.
1988). Mean home range of L. g. nigra (1.97 ha)
was similar to ones summarized by Macartney et al.

(1988) for C. constrictor (2.4 ha and 1.45 ha),
Pituophis melanoleucus (males 1.2 ha, females 2.1
ha) and T. sirtalis (females 1.4 ha).

There was no correlation between kingsnake
size and home range size, but male home ranges
were significantly (3.5 times) larger than female
home ranges and males averaged longer moves.
Weatherhead and Hoysak (1989) found that dry
land home ranges of male E. obsoleta (mean = 3.9
ha) were significantly (> 3 times) larger than those
of females (mean = 1.22 ha) and males averaged
longer moves (69.3 m) than females (43.9 m).
Mullin et al. (2000) reported a mean home range of
5.6 ha for E. o. spiloides. Male home range (mean
= 6.3 ha) was larger than that of females (mean =
3.3 ha) but the home ranges were not analyzed as a
function of sex. Many earlier studies have not
found significant differences in home range sizes or
movements of male and female snakes (Gregory et
al. 1987). All the above studies used radiotelemetry
but the variables of sample size, duration of study,
and methodology make comparisons difficult.

Monitored snakes demonstrated varying
degrees of site fidelity. Some individuals traveled
considerable distances over many days only to
return to a previous location. Two kingsnakes that
were radiotracked for two years remained in the
same area both years. Although tracking occurred
over different time periods, there was overlap of
seasons in which they were tracked. Male 2 had a
two-fold increase in home range the second year.
This snake was tracked for fewer days but more
intensively during the second year. Male 2 was
nearly the same length both years but was 100 g
heavier the second year. We presently have
radiotelemetry data on 20 individuals. Future analy-
ses will concentrate on microhabitat, nocturnal
movements, and degree of home range overlap.

Cloacal Temperatures and Biotelemetry
Bothner (1973), Brattstrom (1965), and

Mitchell (1994) reported mean body temperatures

for L. getula ranging from 28.1—28.70C. The mean

Tc (26.90C) for L. g. nigra found under our cover-

boards and mean Tbs (24.5 and 27.00C) for the two

biotelemetered individuals were lower than those
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reported by the above researchers. The 26-h temper-

ature survey provided an opportunity to record body

temperatures of two individuals under extreme con-

ditions (11.5 0 C was a record low for the study area

in July). Body temperatures varied only 3.5 0C and

TC during a period in which the ambient air tem-

perature varied 200C. Our data is suggestive of rela-

tively precise thermoregulation (see Lillywhite

1987) but additional studies are needed to evaluate

the importance of thermoregulation in L. g. nigra.

Community Structure
How the seemingly high density of L. g. nigra

at our study site is influencing the overall snake

assemblage is uncertain. Radiotracked kingsnakes

were mostly found in fields and the woodland-field

ecotone. Woodlands dominate our site 40 of 60

ha) but monitored snakes were only briefly associ-

ated with these areas when en route to new fields.

Radiotelemetry data on E. obsoleta (n = 5) and A.

contortrix (n = 3) at our site showed that both

species moved into forest habitat at times when L.

'J. nigra remained in fields. This was also true for

monitored E. obsoleta (n = l) and E. guttata (n = 4)

at the UTA site (A. W. Heffern, pers. comm. 2000)

where kingsnake density appeared to be low. The

ghosts of competition past and present may be

"haunting" our fields but as Toft (1985) points out,

resource partitioning patterns in reptiles are a com-

bination of forces including competition, predation

end other factors that operate independently of

interspecific interactions.

Until such time that more comparative studies

are completed, we can only hypothesize about con-

ditions that favored kingsnakes at our study site.

Two interesting differences between the UTA site

and the ACWS site are the soil conditions and small

mammal density. The ACWS site has a long history

of disturbance. The soils are loosely packed and rid-

dled with small mammal tunnels. We often had to

dig up kingsnakes in order to remove transmitters..

The challenge was trying to capture them while they

moved through small mammal burrows. The soils in

the landfill were especially easy to negotiate and it

was not uncommon for individuals to travel consid-

erable distances underground. The soils at the UTA

site are clayey and contain a high percent of chert

rock. Trapping studies by F. White and F. Holtzclaw

(pers. comm. 1997) showed small mammal density

(especially Microtus pinetorum) to be much lower

at the UTA site than at our study site.

We encourage others to document the snake
assemblages in similar habitat. Tinkle (1979)
stressed long-term field studies as an essential step
toward testing accepted ecological theory, and crit-

ical for making practical management decisions

about particular populations or communities. We
hope the baseline information provided in this
paper will stimulate further investigations of this
little studied species.
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