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Preface

The attached manuscripts and reprinés resulted from this project and are submitted in
partial fulfillment of the Federal Aid fina) report requirement,

Sigmificant Deviation

The last objective “to develop 2 phylogenetic cladogtam for the genus Pituophis based on
mitochondrial DNA (mDNA) for comparison with morphological data” was not
addressed in the manuscripts and reprings. This work is currently underway. mDNA
analysis should be completed by this summer of 2002 with a finished manuscript seady
{or publication by December 1, 2002.
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TIMBER RATTLESNAKES AND LOUISIANA PINE SNAKES
(OF THE WEST GULF COASTAL FLAIN:
HYPOTHESES OF DECLINE

D. Craig Rudelph and Shirley J. Burgdorf
Witdlife Habiat and Sifviculiure Laboratory
Aaintaired in cooperalion with the College of Forestry, SFASLR
Southern Research Staton, USDA Forent Service
Macogdoches, Texay 75062

Absicact. —Timber ratlesnakes (Crotafus Aorridus) and Lanisiana pine snakes (Pituophis
melanolewcis Futfiveni} are large-bodied snakes ocourdng on the Wesl Gulf Coastal Flain.
Both species are thought to be declining due to increasing habitat aferation.  Timber
mttlesnakes cecur in closed sanopy hardwood and pine-hardwood forests, and Louisiana pine
snakes in pine forests on sandy, well drained soils. While varicus factors are probably
jovelved in population declines, this study examined one factor for each species that may
have widespresd consequences for populafion viahility. Resulls ebtained in thiz study
support the premise that timber cattlesnakes are vulrerable to montality associated with mads
aned vehicmlar wraffic. Data and discession are presented suggesting that populations are
negaiively impacted in areas of sastern Texas having a high road depsity. Cenversely,
Louisiana pine snakes appear to be affected by changes in the fire regime which Ras aliared
vegelation structuee resulting In decreases in pockel gopher (Geongs Breviceps) density.
Decreases in gopher densities are further hypothesized o vesult in decreass or extirpation of
pine soake populations.

Timber raitlesnakes (Crotalus horridusy and Louisiana piné snakes
(Pituophis melanolewcus ruthveni) are large-bodied snakes with low
reproductive rates. Thus, they are vulnerable to population decreases
due to habitat modifications and increased mortality rates. Anecdotal
evidence suggests that both species are declining on the West Gulf
Coastal Plain (Conant 1956; Young & Vandeventer 1988; Brown 1991).
Consequently, the Texas Parks and Wildtife Department has listed the
timber rattlesnake as threatered and the Louisiana pine snake as
endangered in Texas (TPWD 1992). In an effort to understand the
biology of these two species and elucidate factors that are poteniealiy
responsible for the presumed population declines, radio-telemetry studies
of both species were initiated.

Both species are undoubtediy subject to a variety of human induced
impacts that have reduced popiations and resulted in extirpation of local
populations. However, this study focuses upon two hypotheses, one for
each species, that the authors suspect -are of importance in causing
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Table 1. Annoal home moge size (ha) of adult timber mtlesnakes in eastern Texas.

Snaks Migimum Convex Harmnonie Mean
Polygan 25 % Contour
TX | (male} 1054 L2337
1953
TX i (mal=) i13.6 488
394
TX 2 (male) 2i2.6° _ 256.7
TX 3 {female} 19.5 22
TX 4 {female) 20,2 ' 15.3

declines on a landscape level.

Timber raulemake ecology.—Timber rattlesnakes on the Gulf Coastal
Plain are typically associated with hardwood and mixed gine-hardwood
forests (Martin 1992). PExtensive areas dominated by longleaf pine
(Pinus palusiris) are generally not occupied (Mount 1975; Dundee &
Rossman 1989). This general pattern is consistent with observations
made in eastern Texas during this study.

Timber rattlesnakes are classic ambush predators, often spending up
to several days in a given position waiting for prey to pass within
striking distance. Foraging snakes frequenily assume positions adjacent
to logs, tree trunks or other structures that may be used as travel
corridors by prey species (Reineri et al. 1984; Brown & OGreenberg
1992). Juveniles cccasionally climb trees to heights of 15 m, and may
remain in trees for several days {(Saenz et al. 1996). Prey typacally
consists of small mammals up to the size of squircels (Scinwrus spp.) and
rabbits {Sifvelagus spp.} (Klavber 1936).

Preliminary radio-telemetry resuits document the barge home ranges
of aduit male timber rattlesnakes in eastern Texas (Table 1). Adult
femates have substantially smaller home ranges. The average annual
home range size (Harmonic Mean 85% contour) for adulé females {(i%
ha) is much smaller than that of adult males (176 ka). Juvenile snakes
have generalty smaller home ranges than advit females. The difference
in home range size between adult femates and adult males is primarily
due to differences in movement patterns associated with breeding
activities.
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Table 2. Average daily distance moved {m) by aduit male and female timber ratilesnakes
during the maling and non-mating season.

Snake Non-mating Mating
(¥ Mar.-45 Aug) {L6 Aug .-l Nov.)
TX L (male} 27.2 F1.9
1293 )
TX # (mals) 315 59.8
19594
TX I {male) 5.0 E5.0
TX 3 ¢female} 0.3 18.3
TX 4 (female) 17.7 - 159

Based on observations of pairs in close association, actual meating, and
movement patterns, the mating season of timber ratitesnakes in eastern
Texas is from mid-August until moveraent to the hibernacula, penerally
late Octaber to November. A marked change in movement patieras of
adult males, but not adult females, occurs at the initiation of the
breeding season. Prior {0 the breeding season adult snakes move
relatively short distances and spend extensive periods, oftén several
days, at a given location. Females continue this behavior throughout the
active season. This paftern is presumably driven by the ambush
predation strategy employed by this species (Reinert et al. 1954).

Commencing with the initiation of the mating season, the movement
patterns of adult males change dramaiically. Throughout the mating
season adult males move more frequently and move longer distances
than aduit females, or adult males prior to the mating ssason. This
pattern is documented by the average distances moved per day by males
and females prior to, ané during the mating season (Table 2}. Based on
approximately once per week telemetry locations of individuals, males
move substantially greater distances during the mating season than prior
to the mating season (72.1 vs 27.9 m per day}). Females” movement
distances do not differ substantially between these two periods (17.1 vs
14.0 m per day). This behavior of adult males during the mating season
results in movements of 1-2 km per week, traversing loops up to0 2 km
in diameter.

Causes q_fnwrm!i ty and population decline. —Many factors undoubted-
ly contribute to moriality and population declines of timber ratitesnakes
{Brown 1993). Factors associated with human development have pre-
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sumably had a detriments! impaci on fimber rattlesnake populations,
especially in recent decades (Brown 1953).

Hahitat alteration due to changes in land use patterns have had a
generally negative impact on fimber raitlesnake populations throughowi
their range. Urbanization and agricuttural development have eliminated
the species from much of its historic range (Brown 1993). In eastern .
Texas urbanization is not as extensive as in some areas, and agricultuze
{pastore and row crops) have deciined in recent decades. Commercial
timber production fands are subject to harvesting-related disturbances,
often on short rotations, that have sonknown impacts on timber
rattlesnake populations.

Anecdotal evidence suggests that direct killing by hwhans is sub-
stantial on the West Gulf Coastal Plain, but data are lacking. Ratile-
snake eoundups, important sources of moréality for some ratilesnake
populations, probably hawve little irnpact on timber rattlesnake popula-
tions in Texas due to legal proteciion and the difficulty of colleciion
comparad to other rattlesnake species. Most human-related moreality
reported to the authors is associated with timber harvest activities,
incidental encounters during various onfdoor activities, and especially
with snakes encountered on roads.

Northera populations are subject to massive mortality through direct
killing by humans at communal hibernacula (Gatligan & Dunson 1979;
Brown 1993}, Mortatity at the den sites is higher on adult females due
te the tendency of gravid females to remain in thie den vicinity during
gestation (Browa 1991}, In easfern Texas typical hibernacula consist of
armadillo {(Dasypus novemcincis} burrows, decayed stwmp holes and
associated root channels, aod beneath the roof masses of wind tilted .
frees. No instances of more than one individual at a hibernation site was
observed during this study. Consequenily, hibernating ratilesnakes in
eastern Texas are not particulasly vulnerable to human predation at their
hibernacufa.

The road mortaliny lvpothesis. —Road networks and substantial vehicle
traffic are significant causes of veriebrate mortality (Ehmann & Cogger
1985; Bennett 1991}, In the United States Lalo (1987) estimated verie-
brate mortality on roads at one miilion individuals per day. Rattlesnakes
are particularly susceptible to road associated morfality since they suffer
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from intentional killing due to their economic value and humans® general
negative upiniunsl of snakes {Adams et al. 1994).

Encounters between timber ratilesnakes and humans in eastern Texas
feequenily occur on roads. Of 36 individuals recorded in thai study, 16
were of snakes crossing or dead on roads.

Aspects of timber rattlesnake biology influence the patterns of road
associated mortality. Human encounters with timber ratttasnakes in
gastern Texas, in general and on roadways, are more frequent in late
summer and fall. This corresponds with the mating seasor, suggesting
that the increased movements of adult mates during this period are
responsible for this pattern. Of 21 individuals of known sex recorded
by ihe authors from roads during a three year peried, 15 were adulf
males.. This pattern is 3 potential cause of the skewed sex ratio in favor
of adult females at the radio-telemetry study site. Although the sample
size is smatl, adult femalss capiured to date greatly outaumber adult
males (8 fernales, 2 males).

Recent records of fimber rattiesnakes were obiained from an 18
county area in eastern Texas. These records indicated that their
distribution in the region is primarily associated with the floodplains and
adjacent uplands of rivers and permanent streams. Preiiminary radio-
telemetry results indicate thaf the snakes are primarily using the uplands -
adjacent to fioodplain habitats. Extensive areas of similar uplasnd habitat
not adjacent to rivers and permanent streams currently support few
timber ratlesnakes. Differences in density of roads show a similar
pattern; i.e., read networks are mosi dense in the upland areas not
adjacent to permanent rivers and streams.

These observations suggest that timber rattlesnakes were more wide-
spread on the kandscape in the recent past. It is therefore proposed that
devetopment of dense road neiworks and associated vehicular traffic
have resuted in the extirpation or major reduction in timber rattlesnake
populations over much of the eastern Texas landscape. '

This hypothesis was tested by comparing tota lengths of roads within
2 and 4 km of recent rattiesnake locality records with random points.
This analysis was first accomplished for the entire 18 ¢ounty area in
eastern Texas. It is possible that timber ratilesnakes are always
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Table 3. Tetal road tengths (km) within 2 and 4 km of all snake collection points and
cindorn poinis, and spake coflection points and random points within 3 km of permanent
streams.

Snake Points Random Foints Prob.

_All Points
Tutal Roads 4.0 T.01 = -804
wiin 2 km P < 0.000)
Tolal Roads 13.45 .44 t = -2.68
wiin 4 km F < 0.00R%

Points win 3 km
of Permanent Skreams

Total Roads 440 TEZ = -3.87
wiin 2 km P 00003
Total Foads 13.22 2370 r=-6.78
w/in 4 km | F < 00001

restricted to forested habitats adjacent to rivers and permanent streams,
although the preliminary radio-telemetry results suggest otherwise. To
avoid the necessity of the assumption that timber rattlesnakes were once
widespread on the eastern Texas tandscape, the datz was reanaiyzed
restricting cotisideration to the subset of the data (snake locations and
eonteols) located within 3 km of rivers and permanent streams. In both
analyses (Table 3) a highly significant relationship was found. Recent
timber rattlesnake locations have a lower density of roads within 2 and
4 km than do random points. These results suppori the hypothesis that
development of dense road networks and resulting vehicular eraffic have
significanily reduced timber rattlesnake populations in eastern Texag.

Louisiana pine snake ecology.—The Louisiana pine snake is possibly
the least understood of any large snake of the United States due to their
limited range, extrems rarity and secretive behavior. They are lacge,
semi-fossorial constrictors with a range restricted 0 eastarn Texas and
western Lovisiana (Conant 1956). Louisiana pine snakes are generally
associated with open pine forests, especially longleaf pine (Pinus
palustris), amd sandy, well drained soils (Young & Vandeventer 1988).
An association with pocket gophers (Georys breviceps) is frequently
noted in the literature (Young & Vandeventer §988; Sweet & Parker
1991). Dats derived from captive breeding programs indicates a -
remarkably small clutch size (3-4), the lowest of all the subspecies of
Pituophis melanolencus (Reichling 1990),
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Preliminary resuits of on-going radio-telemetry studies in Lowisiana
and Texas indicate a moderate home range size averaging 27.7 hectares.
In the pine upland habitats dissected with a-network of small drainages,
pine snake activity is heavily comcentrated on. the low broad ridges
. overlain with sandy weli drained soils. Vegetation typically coensists of
a pine overstory with moderate to sparse midstory, and a well developed
herbaceous understory dominated by grasses.

An extremely close association with pocket gophers is supported by
observations made during the course of this study. The distribution of
Louisiana pine spakes on the landscape, concentration on sites with
sandy well drained soils, matches that of pocket gophers (Davis et al.
1938; Sulenfich ef ai. 1991). Most Louvisiana pine snake telemetry
locations (approximately 90% of 500+ records) are of snakes in or
immediately adjacent to pocket gopher burcow systems. Individuals
disturbed on the surface frequently retreat to nearby pocket gopher
burraws. In addition, ajl hibernation sites located to date (n = 27) have
been in pocket gopher burrow systems. Finally, Louisiana pine snakes
are thought to prey heavily on pocket gophers (Vandeventer & Young
1989).

Causes of mortality and populorion decline.—Louisiana pine snake
populations are thought to have declined in recent decades (Jennings &
Fritz 1983; Young & Vandeventer 1988; Reichling 1993). Lack of
baseline population data, rarity, and secrefive behavior make any
conclusions speculative. Intensive trapping efforts conducted during this
study within the historic range suggest that current populations are very
low with loca) pockets of higher density.

Louisiana pine snake populations are subject to many of the impacts
common to other large snake species. Spéculation in the literature as o
canses of decline has included habitat alteration, direct human predation,
colleciion for the pet trade and road mortality (Young & Vandeventer
1988). Data are lacking io evaluate the relative impacts of these
potential causes of population decline.

Alteration of the fire regime hypothesis. —Most of the historic range
of the Lovisiana pine snake is stilt forested. However, essentially the
entire historic range has been extensively altered by forestry practices
(Frost 1993; Outcait & Outcalt 1994). All but a few hectares of the
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original pine forests of the region have been harvesied at least once.
Most of the original longleaf pine habitat has been converted to other
pine species, primarily loblolly pine (Pinus taeda) and slash pine (P.
eltiottif}, due to alteration of the fire regime or direct planting. Rotagion
ages under current silviculiural practices preclude the regeneration of old
growth forests, and short rotation sitviculture for pulp production is
domipant on private lands. :

The impact of these habitat alterations on Lovjsiana pine snake
populations is not known. Studies currently in progress are designed to
answer questiops concerning habitat use in relation to silvicaltural
praciices. What is obvious from preliminary data is the close association -
of these snakes with pocket gophers. It is therefore hypothesized that
factors that influence pocket gopher distribution ang abundance also
influence Louisiana pine snake distribution and abundance, specifically
that pocket gopher declines precipitate Lovisiana pine snake declines.
It is further proposed that the distribution and abundance of pocket
gophers is determined in part.by the fire regime, and that changes in the
historic fire regime have had a negative impact on pocket gopher
abundance.

West Gulf Coastal Plain pine forests, especially longleaf pine, have
evolved as fire climax communities due to effects of frequent, jow
intensity ground fires (Komarek 1964; Plait et al. i988). Frequently
burned sites on sandy, well drained soits eypically support a pine
dominated overstory, minimal midstory, and & well developed herba-
ceous understory (Bridges & Orzell 1989). Alteration of the historic fire
regime has been widespread (Frost 1993). Fire suppression has reduced
the frequency of fire, and ihe substitution of preseribed fire for wildfire
has changed the seasonal occurrence. The result has been a widespread
encroachment of woody vegetation forming a dense midstory, and the
suppression or virtual elimination of the previously well developed
herbaceous understory {Frost et al. 1986; Bridges & Orzell 1989).

Pocket gophers feed primarily on subterranean portions of herbaceous
plants (English 1932; Sulentich et al. 1991). The widespread decline of
herbaceous vegetation in West Gulf Coastal Plain pine communities has
presunably reduced pocket gopher abundances. Alithough there may be
problems with this approach (Andersen 1987}, this study used pocket
gopher mound densities as an index of pocket gopher abundance. Fre-
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Figure 1. Hypothesized relationship between effectiveness of bupning and pocket gopher
 (Geons Breviceps) density based on preliminacy dats oo mound density.

liminary data suggest that habitats that have a vegetation structure typical
of fire climax conditions (weil developed herbaceous stratum) support
higher gopher densities than sites where fice has aot been sufficient to
suppress woody vegetation and prevent reduction of the herbaceovs

stratum (Fig- 1).

Further confirmation of the relationship between pocket gopher densi-
ties and the fire regime would support the hypathesis that pocket gopher
population declines in West Gulf Coastal Plain pine habitats have
resulted in the apparent decline of Louisiana pine snake populations.

CIONCLUSIHONS

Two hypotheses have been presented for the apparent poputation de-.
clines of two large snake species on the West Gudf Coastal Plain. The
first is that development of a dense road network and associated vehicu-
lar traffic have led fo the elimination or decline of fimber ratttesnake
populations throughout the region. In the case of Louisiana pine snikes,
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it is proposed that changes in the fire regime have reduced pocket
gopher densities and thereby led to a decline in pine snake populations.
Prelisninary data were discussed to test these two hypotheses.
Hopeiuliy, additional data will be forthcoming to critically test these
hypotheses.
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breeding season, males searched fi_ .atez while on migration
routes to the stream {Tsuji and Kawaimichi 19564), and they also
oceastonally waited for females en shore arnund the pool at night,
Such males may be able to interce Pt newly arnving ferales to
the pook. In general, the mates of explosive breeders occur widely
arpund the edees of ponds until s Pawning commences, where-
upon they cencentrate around ovipesition sites {e.g.,, Bufir bufa,
Davies and Halliday 1979: Rana syfvatica, Howard 1980%. Al-
thongh this was seen occasionally in B. rorrenticoly, males more
often searched and struggled for mares in the deeper paris of the
breeding pool. However, lone femaies eommenly were found in
shailow water pear shore, and paired females were megt often
tound at the communat oviposition site.

Breeding aduit 8. rorrenticota showed predominarily noctur-
nal activity; both sexes were rmore abundant (Tsuji and Kawamichi
19964) and more widely distibuted in the pool at mght thap dur-
ing the day, and almost all toads at the sutface or on land were
tound at night. During the day, however, maRy oads were found
in the relatively deeper parts of the pool, The diyrsal breeding
activity of B. tarrenticola may be associated with the early breed-
g in spring, color dimorphisme in visust mate Fecognition (see
dizcussion in Tsuji and Kawamichi 19%96a), and/or underwater
breeding.

Besides B. torrenticolo and membets of Fipidae living in the
water, underwater breeders are known for ihe tailed fro B, dscaphies
trugi (Jameson 1955), and the Japanese steam-breeding frog, Rana
sakaraif (Kusano and Pukuyama 1589), bath breeding in fast-
Howing streams. Thus, underwater breeding behavior is consid-
ered 1o have evolved independently among anuran groups. The
possible benefits of breeding on the botwom of fast-flowin E stréams
inelude: 1) debily oxygenated waters; 2} low metabolic demands
m relatively cold water; 3) relatively stable water temparature; 4)
no danger of drying; and 5) predator avoidance (see Olsom 1985y
On the ather hand, possible casts are restricted activity in the water
and risk of the eggs being washed away. For two fapanese under-
© water breeders, B. torrensicola and R, sakuraii, the most striking
adaptation to underwater breeding is enlarged dorsal skin of males
(Maeda and Matsnj 1959 pers. obsery. } thar might assist cutane-
Qus respiration in the water and allow therm to be vigaronshy ag.
tive there.
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Avoidance of Fire by Louisiana Pine Snakes,
Fitwophis melanolencus ruthveni
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Wildfire and prescritied fire are important influences on pine
erOsystems i te sontheastern United States (Eomarek 19638,
1974; Plast ex al, 1988). Although considerabie research an the
mpact of fire on vertebrates due 1o changes in vegetation stme-
tore has been reporied, the direct impact of fire on vertebrates is
not well known (Means and Campbell 1981). The Louisiana pine
snake (Finiophis melonoleucis ruthvent) occupies a limited range
in eastern Texas and western Lowisiana (Conant 1856; Reichling
1995}, Within this range it is generaily found on sandy soils in
longleaf pine P ings Palustric) savannas {(¥oung and Vandeventer
1988). Historically these longieaf pine savannas were maintained
by frequent, low intensity ground fires (Komarek 1968; Play et
al. 1988, 1989), In recent decades wildfire frequencies have de-
clined severely due (o suppression efforts, and maintenance of
these fire climax communities s corrently dependent on prescribed
fire (Conner and Rudolph $989; Landars 1987; Plau et al, |9%8;
Van Lear 19853,

The association of Lonisiana pine snakes with longleaf pine
savannas and the dependence of these savannas o frequent fire
sugzests that Louisiana pine snakes have adapted to frequent fire.
The influence of wildfires has deckned precipitgusly in recent
decades and prescribed fites have only maintained a substantial
ecosysiem rods in imited situations. We have previeusly hypoth-
esized that thete alterativas in the fire regime have resulted in
apparent declines and local extitpations of Lonisiana pine snakes
{Rudolph and Burgdorf 1997). The massive increase in woody
midskory vegetation and consequent decline of herbaceous veg-
etation are hyvpothesized 10 have had a derimental impact on
pocket gopher populations fGeomys brevicepsy and ultimately on
Louisiana pine snakes.
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Since 1993, radic-transmitters {Hamkil Svstems Lid., STI-2T
gransmitters) have been implanted in Lovisiana pine snakes at a
variety of sites in Texas and Lonisiona using the protocol of
Weatherhead and Anderka (1984), These transmitters provide g
location signal that vares with temperature, providing an esti-
piate of snake body temperature. Preliminary resulis of ongoing
studies demaonserste that Louistana pine snakes are assaciated with
sandy soils, savanaz habitats with abuadant herbaceous Vegeta-
tion, and presence of Baird's pocket gophers{ . previcepsy. Loui-
siana pine snakes spend subztantial amounts of time underground,
primarily in pocket gopher brow systems, or eoiled oo the sur
face adjacent 1o enirances w0 pocket gopher burrow Sirstems
(Eudalph &t af., unpubl k.

Sites where mstrumented snakes were located were pedodi-
cally prescribe-bumed by land managers, providing an OppOortu-
Nity to abserve snake behavior during exposure o fire. Habitat at
all sites consisted of a longleaf pine ovetstery with a well devel-
oped herbaceous nnderstory demianted by bluestem
(Schizachyvrium spp.) and other grasses. Nine snakes were focated
in burn areas during 1994-97. Ail nine snakes survived EXPOSHIE
to the preseribed fires with ao apparent damage. Six of the snakes
were knewn to be i the bumed areas, but were not under ohser
vaiton during the course of the prescribed bums, and it is not
knowa if they wers above er below ground at the time of the
fires. Three snakes were under observation during the course of
the prescabed fires and observations are detailed below.

A prescribed fire on 23 Februrary 1994 burned the area where
an adult female Eotisiana pine snake was located. At 1155 b the
snake was coiled on the surface | m downslope from the barrow
it used 0 access a pocket gopher burrow system where it had
hibernated. ki remained in this pozition until the apptoach of the
fire: at £438 h. Immediately prior to the passaze of the fire the air
temperamire was 23°C and the transmitier temperamee was 27.5°C,
The approaching fire was backing downslope at approximately 3
m per nin, with flame heights of 0.5-0.8 m. When the fire frons
was approXimately 13 m from the snake, it began movin z
downslope away from the fire and the bumow entrance. After pro-
gressing approximately 2 m the snake reversed direction and
moved toward the approaching fire and into the burmow, The fire
vas 1 m distant as the znale moved underground. The transmit-
ter temperature immediately began to drop from 27.5°C toward
the burrow temperature of approximately 131-14°C. Burrow tem-
peratres far this and other observations were estimated from trans-
TRMIEF temperatires of mstramented snakes locased in pocket po-
pher burrews during the general period of the prescrbed fire in
question.

A preseribed fire on 30 March 1997 bumed the area where two
Louisiana pine snakes were located. One snake, an adulr female,
was coled on the surface at 1143 h. Numerons pocket gopher
mounds were evident but, fo avoid distarbing the snake, they wers
uot investgated in detail. The snake was in the same posikion ar
1300 h. as the fire approached. Air temperatare was 24°C and
transenitter lemperature was 27.5°C as the backfire with 0.3-0.6
m flame heights moved downslope at approximately 1 m per min,
The snake began moving when the fire was 2 m distant and en-
tered a bumow approximately 5 m distant. ‘Fhe burrow PEES0L-
ably allowed access to the pocket gopher burrow systermn. The fire
passed over the spake’s burrow entrance at 1352 b. Transminer
temperatire a 1400'h was 22°C and dropping toward the barow
temperatere of approximatedy 12-16°C.

The second snake ohserved en 10 March 1997, an adult malg,
was iocated at 1150 h, moving out of a debris pile. It was inad-
vertently disturhed in the process of being located and capidy

moved approximal::ﬂ}%m m and sought shelter under Zrass cover.
It was suil in this location at 1504 h. a5 the fire approached. The
snake wis not vistble and was not approached clesely because of
the gisk of disturbing it again. As the fire approached the snake,
air temperature was 24°C and the transsmitter temparature was
23.5°C. The fire was a backfire moving dorenstape ab approxi-
mately 2 i per min with 0488 m flame heights, The spake
mairtiined its position under grass cover until the flames were
within 20 em ai 1516 b, The snake fhen emerged from beneah
the grazs cover and moved rapidivy across the slope, parallel 1o
and approximately 1.5 m in front of the fire, After moving 15 m
the sirake reversed direction and moved 95 m in the apposite d-
rection stilk paralleling the fire front. When relocated ar 1524 b,
ihe spake was pnderground approximately 2 min fronr of the
advancing fire. The fire passed over the saake’s position i 1533
b. The transmitter temperature was unchanged at this tirme, hur
vegan dropping immedistely and had reached 12.5°C by 17i5h.
After the passage of the fire, no evidence of an estrance to 3 b
row wag located, althongh numerons pocket gopher mounds were
i the immediate vicinity.

These observations suggest that Lovisiana pine snakes are not
at excessive risk of death or injury because of frequent fire in fire
climax pine communities. Snakes located o the surface neay
known bomew systems simply retreat underground, even if this
requices moving wward the advancing fire. Onee undersround,
presumably at the 10-20 em depth typical of picket ropher bor-
rows, they are insulated from the effects of the passing fire. Re-
sults of our telemetry studies (Rudclph et al, unpubl.) demon-
Strate that Louisians pine snakes are underground, or on the sur.
face within a few meters of known bumows, a large majority of
the time. Given the lasge differences at which the snakes Bppar-
ently detecied the advancing fires, it jis impossible to reasonably
speculate on the possible cues that they might be nsing to detect
fizes. Tt is very possible that different cues are used in different
simations.

‘Snakes on the surface and not near known bumows may be at
greater risk. This would oceur primarily when snalees were mov-
ing substantial distances; je. between pocket popher bumow sys-
temns, of had sought temporary swrface shelter during moves. The
third snake discussed above fits this scenario. Even in this situa
tion, behavior of the pine snake served to minimjze risk. The
snake’s inunediate behavior was 1o move a safe distance away
from the fire and then inifiate what appeared to be rapid search-
ing for a subterranean retreat. Vhis behavior did not cease until
the snake gained an underground retreat, even though movement
of just a few meters directly away frem the advanging fire would
have temporarily removed the risk.

The prescribed fires that have largely replaced wildfires in Lowi-
siana pine snake habitat differ substantiaily from historical Fires
(Frost 1993; Komarek 1968}, Prescribed fires are typically con-
ducted in {ate winter-early spring whereas wildfices arefwere more
frequent later in the growing season. In addition, due to a nugiber
of concems, prescribed fites seldom achieve the intensity of many
wildfizes. These differences presumably influence the interactinn
of Louisianz pine snakes and fires, however, ¢comparalive data
are lacking.

The ohserved behaviors of these Lonisiana pine snakes are suf-
fictent fo reduce ibe risk of mertality or injury to alow level from
#ll but the most rapidiy advancing fires that oceur jn the Iongleaf
pine ecosystem. In all of the observed instences e fires were
refatively slowly advancing backfires, The patential for mortality
ot injury {0 snakes due i rapidly advancing headfires is présEm-
ably greater, especiaily for spakes without immediate access t a
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burrew. Witdfires, due to maﬂvéatf:r intengity, may pose mote
of & risk than prescribed Fires.

Erwin and Stasiak (1979) and Seigel {1986) reported maTialiy
and injury to several snakes, including £ melanolencis, as 2 ro.
sult of prescribed fires conducted in prairie habitats in Nebraska
and Missouri. These observations demonstrate thar snakes are
susceptible to death or injury dusing fires. The authors of both
studies sugzested that the timing of fires probably influenced their
unpact on snakes. Means and Campbel} {1951} reported signifi-
Cam mortafity of eastern diamondback ratdesnakes £Crtalg
adamarniensy due to prescribed fires ina lon eleat pine ecosystem,
All reported instances were of snakes in ecdysis and it was by
pothesized that reduced mobility and sensoiy abilities were a550-
clated with the mortality. Similar effects ave possibie with Loui-
slana pine snakes, but relavan: ebservatians are not available,
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Road cruising may be a time-e 5 cienk capture method for Tex
homed lizards (Phrynosoma formutirr) and may yield Letter ca
IS sliecess per nnit effort than systemare searches and fann
and gitfall trapping (Fair and Henke 1997). However, it is u-
known 1f road CIUISHIE ¢an be used 1o assess ACHvHY pattems 4
f commutem. Phrynosomg may show changes in their activi:
patterms due 1o season {Fair 1995: Fotter and Glass 1931) ar
ambient temperatore {Prieto ang Whirford 1971} We hypothesize
that £, cornunum would be most active and, therefore most vi
netable to coliection, during the warmest months, and thar ,
cormutin 10 southemn Texas would exhibit one daily peak in a¢
tivity during spring and autumn angd wwo daily peaks in activis
during sumimer as siggested by Potter and Glass {(1931). We sougt
2 test this hypothesis by collecting informarion on the SUCCESS o
sighting and capturing P. cormuum durng road cruising searche
throughout a four year pertod.

A

304

28

Aueragn Mo, of Lizards Encauriéred
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FiG. 1. Average number of £ cornumm colleeted monthly via road
cruising during Mamh 192) 0 October 1994 in southern Texas, Bags
extending above the means are the spandard ¢rrors of the means, Aver-
age number of P oormemt for Faruary, Febnary, November, and De-
cember was calculated Using three years of data; the averpe numbar of
£ cormutizm for the remainder of e menhs was calculated wsing four
years of data.
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PRELIMINARY EVALUATION OF THE IMPACT OF ROADS
AND ASSOCIATED VEHICULAR TRAFFIC ON SNAKE POFULATIONS
IN EASTERN TEXAS

D. Craig Rudofph, Shirley J. Burgdsrl, Richard N. Cunnrer,
and Richard R. Schaefer,
1. 8. D. A. Forest Service, Macogdaches, Texas

Abstract

Raads and associated vehicular iraffic have often becn implicated in the decline of snake populations, Radio-tefemetey stodies have decumented
vehicie related rmomality as & factar i Louisiana pine snake {Fituopkis riitfeveniy and timber rattlesnake (Crovafies foreidie) popolations in eastem
Teuzs, The hypathesis that existing rad setworks depress populations of large shake species was tesied using 2 trapping protscol fo ssmple snake
popuwlalions at five distances fiom road corvdors; 5, 250, 450, 650, and 850 m. Resulis sugpecl (hat papulations of large snake specics are reduced
by 50%% or more to 2 distance of 450 m from roads with modere use. There was na indication that trap captures had reached an asympdode at a

distance of $50 m. On a landscape scale, quantification of the density of the road nerwark suggests that popelations of large snakes may be depressed
by 50% or mers across eastem Texas due to roadf assocjated mortalicy.

Introdoction

Roads and associated vehiculer baflfic have increased encwmously during the last several decades. Adams and Geis (E98% 3 catimated that the
United Siates contained 6.3 million km of roads accupying 8.} militon ha. The impace of tess very high densities of roads and vehialar gaffic on
verchrate populsiions is poorky known, bt preswmed o be substantiat {Bennett 1997). Lalo (1987) estimated vertehrate mortality on mads in the L2,
5. atane millioa edividwals per day.

Repliles, including snakes, ave patticulardy winersble o monality associzied with reads dee ro their slow Incomotion, their propensity to
thermaregulate on road surfaces, and intentional Kitling by humans when ohserved on road surfaces. The magmitude 6f reptile mortality is high
(Ashley and Robinson 199€, Fowke 1996, Rosen and Biwe 94, Ruby et al. 1044, but the population impacts of this martality are nid well known.
Umipacts e presumably species spocific. Species exhibiting low reproductive rates and Tow adult meeal ity are often identifizd as being particularly
vulnerable to popalation comsequences of rad associated martality {Fawle (9%, Rosen and Lowe 1994, Ruby et al 1994, Rudolph et al, 1444,

Read morality of sretkes has besn identified as constimting a “sink” for bocal populations (Rosen and Lowe 1294). In ¢astern Fexcas road ottty
has been suggested Az the primary factor in the loca) extirpalion of timber ranfesnake (Crofus ey sy popuTations {Rudolph ex al, 1¥98)anda
i : signifcant cause of mortality in the Loujsiana pine snake (Plawophis ruhvenil, Inorder to Quantify the magninede of road aseneiated mattality on
snake populations in casterm Texas, we initiated altrapping sutvey of snakes adjacent to roads,

I -

Study Area

This smdy was conducted n the Angelina National Forest { Angelina znd Tasper Counties) in eastemn Texas, Tha general habitat is pine forest
(Fimuz patusicis, P. faeda, P echingia) managed for limber production. A variable midyre of RIS pEnm. iree spaties oceurs, especially elang
drainages. A dense road notwork exists ponsbsting of state highways, secondary highways, and U. 5. Forest Servies system roads.

Mrihgds

e Tezas Department of Fransporiation aod the 11, 5, Forest Servics,

Two transects {4 and BY were established adjacent 10 Forest Service System Road 303 and 3 onsusfaced eoutty rgad, These age pravel rogds that
are graded and maingined, and include clearsd rightE-0f way with dminape stiuctures and contoues. Averge raffic volumes wers fess than 100
wehicles per day. Three mansects (C, 0 and E) were extablished adjacent 1 Texas Statt Highway 63 in Angetina and Jasper Counties. Highway 63 is
a paved e lane biphway with paved shoulders. Average traffic volume is spproximately 24400 vehicles per day.

Traps consisted of & phywood top and bottom 1.2 m X 1.2 m supparied by wooden uprights 045 moeall. The sides were screancd with hardware

widk sitrips buricd appeoncimatcly 10 cm in the soil, el fences extended V5.2 m from each funnel crlience. A water source was placed iy sach trap,
Four transeets (A-D) were installed in danpgey-February 1997 and a fifih transect () was installed fa Febroary 1998, Transeots were operated
during 1997 and 1998 from appraximateTy ¥ March to 31 Goaber, Traps were checked once Der week and all snimals were removed. All opakes
Wwere returhed ko the laboralony whers species, tal leogth, amwd sex were recorded. PIT tags {Avid, Inc_) weee implanted and snakes wera returned 19
the cepture site and released 50 m Eom the <apture rap the week following capure, AN subsequent recaptires were recordad, Recaptored individuals
Sk, Were imcluded in the analyses hecauss mearhy 8t tecaptured individuals were subsequently captured in different traps, including captures spanning the
i Wbl e from trsps 500 m 4o 350 m from road rights-of-way. For all other vertebrates, species and number were recarded, and they wers releazed
immediataly.
4 sties of habitat measucements were taken at cach trap incation. Blasal areas of canopy troes wern determined witkh a 1-Factor matris prism.
Canopy chasure was measured at the Endpoint of sach drift fence with a spherical fensiometer and values averaged for each tap location. Percent
- Sver oF herbageous and woody undeestary vegetation {to § m in heighty was vizually estimated within & 513 m radius circte centerod o the ap
«Midpaim, Foliage density (horizontal cover) was eslimated using & density board (MacArthur and MacArthur 1961
The disiribution of Snake capoeres ameng Wansects was comparsd within years by heternpeneity x%. 1 iransects were simila, we prertibedd daia within
§ nd Boross years and compared wap distances with a pocted X2 IF the pooded ¥ indicated differenpes ameng wap kcations, we used simpl: lincar
: "fession fo jook for & rend £positive or negatived.
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Risulfs

Because the drifi fences and traps were constructed using 3.2 mm: mesh hardware clat, very small species and individuals were not eapured. A
total of 156 individuzl enakes {including 18 recaptures) of 11 species was capiured in 15997 (4 ransects) and 156 individuals {including 21 reeaptuscs)
of 13 specieg were captored it 1998 (5 transects) (o7 a tota] of 332 captures (Table §). Heteropeneity §° anafysis indicated that within years the
distribution of snake caphires was simifar among transects and conscquently transecls were podled within and aeross years, [nall thres cases (1997
stiake capéures, 1298 enake captures, and )l snake capiures) the pooled ! analysis indicated highly significant diffirences among iraps # different
distances from eoads (Teble 2. Simple linear regression wias used to search for lincsr mends in these daia. [0 3997 snakes and toral snakes there was a
sipnificant lineae irend of posiive slope (Table 23 The daca for 1998 did not reach significance at the 9.05 level, hewever the stope was positive.

A wotalof 397 individuats of 28 species of other vertchrates wione captared, 260 in 1997 and 137 in 1998 {Table 3} Anurans, lizands, and rodents
171, 73, and 173 individuals res pectively) were the primary taxa captured, An exfreme droughl presemably resulied in fower individualg being
captured in 1998, These data were analyzed in the same way 26 the snzke data (Table 2. Helerogeneity xF indicated that the transects could be
pobled, and the pooled ¥¥ analysis, was not Significant ol the 005 Tevel indizating o sighificant differentes among traps at differant distances Forn
rogds. Simple linear regression did pot detest 2 significant linear rend in these daia.

The number of individuals captuced snrefation to distaoce fom mad nghts-ofway for snakes in 1997 2od 1993, and othar vertebrates in hoth years
combined, are presenied graphicaily in Fig. 3,

Habitat data arg summarized in Tahte 4. The variation in habitat measures between frap localions is substantial. Regression amalyses revealed only
three sigrificant hinear trands in refation to distance foom roed carridoes among the 23 instances examined 5 transects X 5 habitat vasiables). The

sipnificant regrossions werd scatiersd amonp, three fabitat vanables and thive transecls, and the numenical differences within these transects were finé
large.

Disenszion :

The data support the hvpothasis that snake mortality assodiated with roads and vehicTe treffic meduces the abundance of larper snakes for substaniia)
distanees rom read eomidors, Snake sbundarge, infermed fom the trap success measwred in this study, is reduced by rom than 509 adjacent o roads
compared with the abundance 850 m from mads. For alidata combined, trap suctess remained low up 1o a distance of 450 m from road corridoss and
then increased subsiantally,

The combined dafa did not show any evidence of resching an asympéote 2t the maximum distance ($50 m) from road comidors. Dug b the exiscing
oad density we were unable 1o locate iransects switable for quantifying orap suceess at distances preater than 850 m Consequenthy, we wete unahble (o
measure the full impace of roed corridors en snake popufations on de Angelina tfational Forest,

The combined data for other vertsbrate species suggests teat roads and associated vehicubar taffes are not having a significant impact on
pepulations of these other species. However, these data 2re nuemerically dominaked by rodents, anurans and lizards, spoties charactenized by shot
gengeation time, rapid regruitment, and small bome ranges compared 89 lacge snakes, 1t is not surprising that we did ol deksct major impats oo these
taxs given the scale at which we were sampling. These dats also sugeest that the effect that we ohserved was due to direct mortality on Larger snakes,
rather than an indirect impace oo the prey hase of saake populations.

Altheigh substantial habitat variaiion cocwmed anvong trap sites, peterns paratleling the indrease in snake captures with increaging distance fiom
road carridors were oot strong. Cmby theee significant linear regressions among the 25 exatmined sugpests that habitst differences are not respans i
for the partem of shake captures. Despite the variation in habitat, not genersily comelated with distance from moad comidors, significant patrns were
still devected in the snake tap da.

The magnitude of the impact on snake popaladions was refatively sinilas for the high teffic volume state highowvay and the lover traffic volums
forest service system and county roads. The reason for this simifarity is oot immediately apparent, 1t may be that snakes are 5o suseeptible 1 mad
related megiality that even moderate traffic volumes effectively remove nearly all of those individuals whose home range, or at feast core areas, inciude
ihe mad comredor. Fraps at 50 m, and even grater distances, may onby be sampling those sorviving individuals whose home range did oot includs e
read ecmider, Tn the case of larger snakes, il may be thal essentally the full impact of vehick related meortality 2long road corvidors cocars 2t
relatively Yo imffic volumes, on the order of a hundred vehitles per day. Additiomal data are required 10 address thiz hypothesis in more detail,

The obsarved deficit in snake capiures, approximately S0% oul o distances of 450 m from mad cormidars, and the fack of any indication of
eaching an asymaptots 3t the maximum distance: sampled (350 m} suggests a very substantéal impact on snake populstions at the fandscape fevel.
Cuanzificztion of the toad system on the southern portion of the Angelina National Forest revealed that 79% of the Tandscape i within 500 m of 8

highway or Forest Service System Road. This sugpests that 2 substantial propoction of the expected snake fauna has Been alimingted actoss the
fandscape duc (o road refated moctaliey.
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TABLE 1. Numbers of snakes trapped by transect and
and 850 meters from edge of road right-of-way.

year at 50, 250, 450, 650,

Trap Distance Ffrom Road (m}

Transect  Year 50 250 450 650 B850 tota)
: A 1997 6 12 14 i1 17 60
1098 9 ¢ 10 5 12 a5
: B 1997 8 1 2 10 13 34
] 1998 1 2 2 2 7 14
' C 1997 3 0 g 12 12 36
1998 1 7 6 14 14 42
D 1997 5 0 1 4 6 26
1998 3 § 0 5 8 27
E 1998 6 8 6 7 7 34
.} Total 1997 22 23 26 37 48 156
_' Total 1998 20 32 24 32 68 156
' Total 5 50 69 95 3

1997/98 42
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TABLE 2. Trend analysis of snakes and other vertebrates trapped at various
distances from edge of road right-of-way.

Category Reterogeneity g° Pooled y° Linear Trend
Snakes 1997 19.6 (P = 0.080) 15.9 (P = 0.003) P =0.02
Snakes 1998 13.7 (P = 0.602) 14.8 (P = 0,005) F=0.08
Total SHakéS 39,1 (P = G.G01) 28.9 (P = 0.001) P =0.03
Total Other 3.9 (P = 0.426) 9.4 (P =0.052) P =0.75
Vertebrates :

* Probability associated with Test of slope equal to zerd using'sﬁmpie {inear
regression.

I
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TABLE 3. Humbers of non-snake vertebrates trapped by year at 50, 250, 450,

£50 and B50 meters from edge of road right-of-way.

Irap Distance from Road {m}

Year 56 250 45G BRO 850 total
19G7+* h% UL 30 bR B5 280
1998 29 27 26 25 27 i37
Total 284 82 k& 83 g2 397

* Transects A-D onfy.

U
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Figure 1.
Number of snakes and other vertebrates captured at 50, 250, 450, 650, and 850 m

from road corridors.
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TABLE 4. Probabilities associated with regression

coefficients between

hahitat variables and distances from road rights-of-way,
Habitat Variable Transect
A i C n E
Caropy Basal Area 3316 .3393 3871 L0273+ .3542
Canopy Closure 2580 8361 .1942 6042 .0351*
Foliage Density .9255 2509 9785 .0974 L3373
% Woady Vegetation . 1553 1933 5584 2520 .2075
% Herbaceous 6376 5890 .3081 . 0435% .0596
Yegetation

* Significant regression (F <0.05),
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Abstract: The Loulsiana pine =naks, Pityophis ruthveni, iz an wocommon and

poorly known snake. To learn more abeut the natural history of P, ruthveni,
data on growth rates were collected on 2% adultz and 1 juvenile by
radickelematyy during 1993-1937 in western Louisiana and easkern Texas. In
addition, data om growth rates were collected on 1 adult and 7 duventile
captive-bred PB. sathveni that were released on £he study sikte in north-central
Louwisiana and studied by radictelemstry during 15%¢-1%27 . CGrowih rates were
greater for juveniles than for adults. The three captive-bred juweniles had
growth rates Similar to the native juvenile. Adult males reach larger sizes
fmean initial SVL = 11%.4, H = 7) than adult females (mean = 95.6, ¥ = 7).
Total lengthi/mass rakicos are general health indicators and probably can he
used to identify sexual maturity. Enown-age growbth curves suggest that the
garliezt gexpmal maturity ceocurs at about three years of age and at a total

length of 120 om or more.

The gemas Bituophis (Serpentes: Colubridas) contalns three species of

snakes in the United States: P. catenifer, P. melancleycus, and B. ruthveni
(Collins, 19%7). The Loulsiana pine snake, BP. ruthvoni, wWas elsvated to

specific statug by Relchling (1995 and is endemic o westero Louisiana and
eastern Texas (Conant and Collins, 1991; Reichling, 19%5;: Thomas <& al.,
1976) . Roadriguez-Bobles and De Jesds-Escobar {2000) agree with the
recognition of specific gtatus for P. ruthiveni. Fow data have been collected
o the natural history of P, ruthuieni since iks original descripticon (Stulil,
192%3). The paucity of data on P. ruthveni is due to the snake s limited
diztribution (Reichling, 199%; Thomas et al_, 1976), low populaticn dsnsity
(Jepnings and Frifts, 1983; Reichling, 19%8%), and secretive nature {(RBeichYing,
i9a8) .

an extensive radiotelenetry study initiated in 1393 (Budoiph and Burgderf,
1397; Rudsolph et al., 1298} iz increasing our knowledge of the ecelogy of B
rukhveni. Results confimm the bagiec conclusions obkbained from historical

collection records. FPituvophis ruthveni iz primarily associated with sandy

soils supporting pine forests withinm the historic range of longleaf pine

{Piras palustyie). Telemetry data indicate a preference for sites with a
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well-developed herbaceous wegetation generally maintalned by freguent fire

(Fodelph and Burgdorf, 1%97). A close gssociation with RBaird's pocket gopher

{Geomys breviceps) iz evident at all sites tFBudolph and Burgdorf, 1997:.

As part of a range-wids natural history study on P. ruthveni ip Louisiana
and Texas, we studled 30 naturally ccourring (1 juvenile, 16 adult males, and
13 adult females) and § captive-bred (7 juveniles amd 1 adult mala) pine
snakez in the field for wp to 43 months. The objective of this study was to
charactterize the growth of this rare and poorly known speciez. We also
compared growth rates of P. rubhwveni with data f£rom other studias of
E i EQQEI!&I § -

Materials and Methods
Study Areas
Due to the oexitreme rarity of B, ruthyeni, avnimals (¥ = 38} implanted with

transmitters were located in several =tudy ayeas: Bienville, Sahine, and

Vernon Parishes in Lowlsiang, and in Angelina, Jasper, HNewton, and Sabine

Counkies in Texas. All sites are within historic longleaf pine {Pipug
paluszstris) hakitat, although anthrepogenic and =ilvicultural impacts have

reduced the dominance of longleaf pine &b most sites. The topography of all
sites iz gently rolling with intermitrent and amall permanent streams
dissecting the sites. Soils vary considerakly; however, extensive areas of
desp sands occur at all sites. Pine forest constisting of B. palustris,
shortleaf pine (P, schimata}, loblolly pine {P. taseda), and the introduced
clash pine {(F. gliicobtil}, with gogasional hardwoods, dominates the uplands of
all sites. Silvicunlitural tre;tments have increased the dominance of pine in
most aress, and recent olearouts 20d pine plantations ooour at most sites.
Various hardwood species (QUexcus sphp.. Rioguidambar gbvyaciflua, Faguas
grandifolia, Carva spp., Myssa gylvatica, and many others) are moere abundant
and cften dominant adjacent to the drainages.

FThae hisztoric fire regime has been subkstentially altered at all =sites. The
effects of wildfires are limited dus to fire suppression, and prescribed fires
are less intenge and are concentrated in the late winter and early spring at
most site=. Censeguently, hardwood encroachment is advanced and herbaceous

vegetation ks swppressed at most sites.
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Sprvey Methods

Bine snakes wers obtained by a combination of trapping and hand-caphbure
between 1593 and 1%%7. Traps consisted of plywood and & mm hardware oloth
boxes {32.3 x 2.2 x 0.3 m} with a funnel entrances on each side. Bardware cloich
drift fences gpproximately 0.5 m in height extended 16 m frowm sach funnsi
entrance to gulde snakes intoe the traps. Traps were operated on a variable
scheduls at 10-15 sites during the monthes of March-Qotober.

2 total of 30 snmakes was captured at or near a study site and all were
implanted with radiotransmitters prior to their release in the fi=ld., In
addition, eight of nine captive-bred spakes that were obtained from the
Metphis Zoo and Aguarium were alsc implanted with transmitters and releaszed at
the Bienville PFarish study zite {one snake died in surgery}. Thess snakes
were the offzpring of snakes from Biesnville Farish that were uged to establish
a captive breeding program {(Feichling, personal communicationt.

Fourteen snakezs (of the 33 siudied} ware measured two times during the
study, providing the dara on growth reported hers. Snakes were implanted with
SI-2T transmitters (44 mm x 10 mm, 12 g; Helohil Syetems LTD, Carp, OM). Each
transmitter was equipped with a 20 cm whip antenta. A single small juvenile
fno. 25; Takle 1} was implanted with a smaller (2.5 g) transmirtter constructed
by Fhillip Blackburn (Stephen F. dwmstin St. Undv.). Sex, total length, snoug-
vent length, and mass were recorded at the time of surgery {Table 1). Only
e snske (oo, 34; Tabkble 1) had 2 transnmitter massg thabt exceseded 5% of the
body mass and it survived, without apparent harm, to the completion of the
study.

Enakes were only handled during initial radio inplantation and replacement
{once every 14-15% monthsi, and thus we ¢ould ot determine reproducktive scakus
of the snakes. Therefore, we did noet digtinguish hetween gravid and nen-
gravid females. Heowever, Firch {1370}, in an overview of reproduction in
Fituophds (excluszive of 2. ruthveni), concluded that sexual maturity in
captive snakes is atrained at three or four vears of age. Thevefore, we
considered three of our captife gnakes {nos. 34, 353, and 36; Table 1), which

were cne-year old at the time of their release, to be juveniles., Omne wild-
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canght snake (no. 25; Table i), which had a comparable initial botal length
and spout-vent length, but lower initial masg than all captive juveniles, was
2lse considered to be a juvenile.

Transmitters were implanted following the general procedures of Reinert and
Cundall (15282} and Weatherhead and AZnderka (L9284}, Hetamine (Mallinckrodt
Veterinary, Inc., Mundelein, IL) injected intramuscularly (80 mg/kg} or
Halothane {Averzst bahs, ine., Rew York) as an inhalant was used as an
angsthetic. Transmitbers were inplanted either subeutaneouwsly or
intraperitoneally. Transmitters had an approximate battery life of &
(Blackburn} or 18 {Holochil) momths and were replaced as necessary.

Snakes were allowed 2-14 days for recovery in the lak prior to release.
Twenty-s5ix of 30 wild-caught snakes were released at their point of capture.
The remaining four wild-caught snakes weres captured in areas not accessible
for telemetry sztudies and were at risk because of adjacent hiohwayvs: these
snakes were released 5-40 km from their point of capture at safe sites wheré
other snakes were under observation. The risks to the four repatriatzd snakes
{21l captured by local regidents) and their recelving populations were
considered to he less than the imminent danger posed by a busy highway and
muirch human activity. This species is 2o raye that we decided to move those
snakes to a safer habitat.

Foliowing release, snakes were relocated on a variakle schedule (1-7 times
per week) depending on the particular resesarch objectives of varions studies
in progress.  Ar the time of transmitter replacemsnt, most snakes were
remgasuraed. Femains of snakes that died in the field, or their isclared
transmititers, were examined for clues ag fo the possible causs of death.

Total lengths were used for calcoculating nmean growth rates per month berause
sexual dimorphism in tail length was not apparent (Table 1), whereas the ratio
of ancut-vent 1en§th to mass was calculated as an indicator of fhe overall
brody condition and conzequential health of snakes. Statistical analyses of

the meane of lengths and masses using E-tests were compared at the 6.0% level

of significance (B).

REZOLTS
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The analysis of growth is based on 14 specimens for which two groweh
meazurements were available (Table 1}. However, estimates of mortality do not
remire two growth measurements; the analysis of wortality is therefore based

on all 3% zspecimens that were studied in the field.

Growth
Total lemgih.--adult males reach larger gizes (mean indtial VL = 11%.8, &b

= 7] than adult fsmales (mezn = %5.6, B = 7). Mean total langth.increase £ I}
per month was 0.5% £ 0.29 {mean £ 95% Confidence Interval, range = 0.02-2.14,
H = 14; Tabkle 1). Hean increase in toetal lengbh per month of adulr and
juvenile snakes was 0.26 £ 0.25% [(0.02-0.69, B = 10) and }.40 £ 1.02 {0.85%-
2.34, N = 4}, respectively. Hean increase in total lengkh per month of adult
males and females wazs 0.26 * 0. 24 (0.02-0.6%, R =T) and 0.30 £ ¢.T74 (0.11-

.65, H = 3), respectively. There was a negative relationship betwesn
increaze in total length per month and total length of indiwvidual native (N =

11) and caprtive-bred (H = 3} snakes (Fig. 1; Table 1}.

Mass.--HMean mass change (g} per month was 0,22 + &.81 (=-30.04 £o 18,25, N =
14} . Mean change in mass per month of adele and juvenile snakes was -3.44 %
B.31 (-30.04 £To O0.E7, M = 10} and +2.38 £ 10.14 (4.02 o 18.325, N = 4},
respectively. Mean change in mass per month of adult males and females was -
4.46 £ 12,97 («~30.04 to 6.33), ¥ = 7) and -1.08 £ 6.85 {-4.27 to 0.537, ¥ = 3},

respectively {(Tabie 1).

Tetal lengith/mass ratios.--Growth rabes of 14 individual snakes were

celowlated by comparing the changes in total length to mazs ratios. Snakes
with a negative slope (slopes dowm to right] had a mass gaio relative to their
increase ip total lengith and snakes with a positive slope {slopes up to right)
had 2 mass loss relative teo thelr incrsase in toital length.

Pour (3 captive-bred and one wild-caught) Jjuveniles {dashed lines; Fig. 2}

increased in total length and mass at a greater rate than adults. Howewver,
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several adults decreased in tokal length/mams ratio during the study even
though their length conkinued to increase. These adwlts began with a higher
ratio and generally declined throughout the study (Fig. 2). adult gnakes have
a laower ratio, which is probably characteristic of a matvre hody form, and the
ratio for an indiwvidual might continue to decreas= as the snake ages. This
suggests an optiman diameter relative to mass that does not change at the same
rate as the length (allomekric growth). These data provide an important
indicaticon of growth rates of B, ruthvend.

The only juventile zpakes  cthat survived to the end of the study were Ffemales
(Fig. 2j. These smnakes increased in mean tetal length by 15.1% during the B-
13 menth periods of observation, nearly identical to the 15.6% inciease in
length in females of P. o. deserkicoela in northern Uvah during their second
vear of life {Parker and Brown, 1%80). Three of the juvenils B. ruthveni that
surviwved to the end of the study were ocbserwved in the field to contain a large
midbody bBulge that probably indicated recent feeding. Thus, we assumed thab
these snakes were able to obtain enough food to grow at a normal rate.

Of the 14 ipdividwals of 2. ruthveni ter which £wo growkh measurements were
availakle, the health, condition, or recency of feeding/reproduction of the
snakesz can be indicated by the total length/mass ratio. The greater mass
carried by a snake of a given length, is =usvally an indicator of hetter health
of the animal (Plummery, 1997), but probably iz also relaked to age hecause
juventles and adults may have different total lsngth/mass ratleos (allometric
growth; Fig. 2). »Accordingly, the smaller snakes had a higher fotal
length/mass rakio and they gained mass at a greater rate throughout the study,
whereas the larger snakes began the period of stwdy with a lower total
length/mass ratio and the rate of increase was muach less {Fig. 2); five adults

declined in mass during the study (Tabkie 1) .

Mortality
3f the 38 snakes released, all carrying fransmitters,. 13 survived to the
end of the study and 25 waere loge (B = &6} or died (M = 19}, with an owverall
morkEality rake of 50% and a oonthly mortalicy rate of 8.33% (= 19/228 totsl

menths survived). Males made up 47.1% of Ehe 17 snakes thab survived at least
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one year and comprised 24.2% of the total relesased N = 33; excluding tho=se
implanted afeer September 1), while females made up 53.9% of the one-year
survivors and 27.3% of the toral. Two one-year surTiving juveniles comprised
25% of all juvveniles yeleased, and 6.1% of the total released., Among adulks
only, one-year surviving males (M = 8) made up 47.1% of the 17 one-yaar
survivors and 26.7% of the adulits released.

Beleting individuals that were lost {H = &), or died following late surgery
(surgery after September 1; B = 53, a teokal of 27 snakes (1% aduliz and eight
quveniles) is available for estimating mortality rates. These 27 individuals
were present for a cumilative total of 437 months, during which 15 desths
occurved, resulting in a monbhly mortality rate of 6.28%. Similar
caloulations for each sex give monthly mortalicy rates of 6.87% for malez (M =
9; 131 mos) and 6_30% for femalez (N = 6; 87 mos). Similar data are available
for five captive-bred juvenile snakes tracked for a total of 39 months.

Puring this peried, two deaths ccouwrred, resulting in a menthly mortality rate
of 5.13%, UTata were insufficient to compare male and female juveniles.

OF the 15 adult mortalities, exoluding those invelving late surgery
(Fudzlph et 21., 19298), wvehicles were suspectsd as causes in thres dszaths; one
snake was found as a carcass with a crushed Eramsmitter adjacent to a major
highway, and two goskes were found as carcssses adjacent to oEf-road wehicle
trails with bruises or crushed svertehras suggestive of wvehicle damage. The
remaining 10 dooumented morialities are Jifficult o assign to a specific
cause. Six of these individuals were chserved in apparent healkhy condition
T-10 days prior to death. Two of these six individeals were found az skeletal
remains below ground and the only remains of another two were their isolated
eransmitters., Of the five carcasses located on the surface, four appeared to
have been fad unon by wvertebrates. However, it waé impoessikble Eo daetermine
whether predators oF scavengsrs were resgponsible for the conditicon of the

CArcasses.

DISCU23TI0N
any estimate of growth rate or a growth curve reguires at least two

measnrements of =ize abt koown tims intervals. In corder Eo estimate age based
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on £he ratre of growih, at least ons koown age iz regqiired. There iz ne
published information awvailable reg&rﬂing groweh rates of P, ruthweni hased on
wild individuals of known age. The only snakes (¥ = 13) for which hoth age
and length are known are four hatchlings {(Beichiing, 1590 and nine snakes
Ehat were raissad 1n captivity until eight wers released in the fizld (one died
in surgery). These 13 snakes provide the only available data on known ages
and lengths from which an estimate of a groweth ourve can be obtalned (Fig. 3).
While the position of the curve st birth is probably acovrate, the slope of
the resulbting regregsion tine may be too steep bedause the nine post-
hatchlings were raised in captivity {birth éizes were not recorded) icr the
first part of their lives and probably experienced a more raplid growth rate
than would wild snakes because of the better food supply, comstant
cnvironment, 2nd lack of nmatural dormancy fFig. 3.

Eegardless of the potential inaccuracy of the regressicn line =2lope, the
resulting individoal growth curve estimates, based on captive individuals and
four hatohlings (Fig. 3), suggest that one-year o1ld and two-yeary old snakes
are 80-100 cm and 1900-129 cm in total length, respectively. Additiconal growth
raﬁes are known for snakes of known length, Bat wsnknown age. & femmle is
knocwn £o have oviposited at a tetal length of 154 cm {Reichling, 1950). Thus.
sexual meturiiy iz prokably reached by the time a snake has attained s fotal
length of 120 cm and an age.of about three years {(Fig. 3). This estimakte of
adge at égxual maturaticn i= supported by Fitch {1970), who conciuded that
sexnal marurity in other btaxa of Pituophiz idefta on E. ruithvenl wers
unavailakle) is probkably reached st three or four years of age.

The largest snakse (ne. 15; Takle 1y experienced the greatest reduction in
total length/mass ratic and alsc died during the study {(Fig. 2; Takle 1.

Thiz specimen was close to the maximum size {178 cm) known for the speoies
fConant and Collins, 1%%%). It is not surprising that juvenile and adulk
physiques are different. However, this relarionchip has not been documented
in the literature for E. muthyveni and is possibly a very important predicior
of when an individual reaches an adult physique and perbaps sexaal maturity.
Three of the four juveniles did not reach the adulr ratieo of approximately

0.30 or less (Fig. 2). The juvenile {at 0.268) that 4id reach the adulc ratio



- X‘H) Himes et at. I3
iz not the largest of the fouwr juveniles, but according te its total
length/macsse ratio, if mighit be the mozt matwre.

In the only other extensive study of growth in Pitwvophis, Farker and Brown
(198701 recerded lengkh and welight changes in P. c. deserticola in northern
tah over a thres-year pericd. Length incereased by 24.2% in males and 15.6%
in females during their second year of life. During the malez' third year,
length increased ocnly by 92.9%. The length of females contirmed £o increase by
»10% per vear during their third, fourth, and fifth vears, but growth rates
ware significantly lawer in both sexes in the third sampling year. Ssxual
dimorphism in size wag apparent: of 35 femmles, only the largest exceeded 1140
cm SVL and weighed 350 g, while 24 of 48 males excesded 116 cm SVL and weighed
400-450 g.

In summary, this paper documentz growth in length and mass of the Louisiana
pine snake (Pitbonhis ggghfeni}. Thiz spaecies exhbibibts allometric growth io
length to mass ratio, which indicates an optimum body gize Eor adults. Annual
tnoreass iﬁ tength might be similar te that observed for known-age gopher

gnakes (Pituophiz catenifer) by Parker and Brown {1980} . More robust snakes

in this study gained massz more rapidly throvwghout their period of study. The
obzerved allometric changes in rokustneps might be an important indicator for
identifying the onset of sexual maturiey, prokably ab a mipimal total length
of abeut 120 om and an age of ak least three years.
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Legends £o Figures

Length increases of native [(closed cireles) and captive-bred lopen circles?
E. ruthwveni according to tokbal length. Each symbol identifies the
approximate growth rate of an individual snake. ERegresszion line: v = 3.51

- 0.0239x.

Growth rates of P, ruthveni {H = 14). Lines represent individual adult

gnakes; dached lines represzent juvenilez= (all females).

. Growch rateg of nine individeals of F. rutoveni of known age. Closad

circles are captive snakes releaszed during this study. Lines join two
measurements of three individuals. The triangles represent four hatchlings

{Reichling, 19329 . Regregsion line: v = 57.39 + 0.078x.
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PREY HANDLING AND DIET OF LOUISTANA PINE SNAKES
(PITUOPHIS RUTHVENT) AND BLACK PINE SMNAKES (P. MELANOLEUCUS LGDINGI)

WITH COMPARISONS WITH OTHER SELECTED COLUBRID TAXA
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“Abstract. Oiet and prey handling behavior were determined for Louwistiana
pine snakes (Piteophis rothveni) and biack pine snzkes (P. melancleucus
lodingi} . Louisiana pine snakes, which are sympatric with Baird's pocket
gophers {Geomys breviceps}, preyed heavily en pocket gophers and
exiib-ited specialized behaviors that faciiitated handling this prey
species within the confines of burrow systems. Black pine snakes, which
are not sympatric with pocket gophers, did not exhibit these specialized

behaviors. For comparative purposes prey handling of P. sayi sayi and
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Elaphe cbsoleta 1indheimeri werg also examined.”

“Key words. Pituophis ruthveni, Louwisiana pine snake, P, mefanoleucus

ledingi, black pine snzke, predatian, Goomys.”
INTRODUCTION

The Lowisiana pine snake (Pitwophis ruthveni) and the black pine
shake £P. melanoleucys Todingi) are two taxa of conservation concern
with limited distributions on the CGulf Ceoastal Plain (Sweet and Parker
18991). 8oth have Tossorial adaptations, including thickened rostiral
scales and skelietal meditications of the head region (Knight 1936;
Reichling 1995). Pituaoghis ruthveni dis a rare species confined to
eastern Texas and western Louisiana (Collins 1991; Conant 1956;°
Reichling 1395; Thomas et a3. 1976). It 4is closely associated with
1ongleat pine (Pinps palustris) savannahs on sandy, weli-drained seils
(Fudciph and Burgdort 1997; Young and Vandeventer 1988). These
communiEies are maintaihed by freguent, low intensity ground fires
{Komarek 1968; Platt et al. 3958, 19893, 0Cata obtained in an ongoing
radic-telemetry study of P. rurhvent (Rudcoiph and Surgdorf 19%7; Rudelph
et al. 1938) demonstrate a close association with bBurrow systems of
Baird's pocket gophers {Geomys brevfcéps}. Fituophiis m. :lodingy
oCcupies a similarly restricted range on the lowar Guift Coastal Piaia,

from extrems fastern Lowisiana to extrame western Florida (Sweet and

FParker 1931). The ecology of Pituophis m. lodingi differs substantialiy
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from that of P. ruthven? in that its range is allopatric with that of
pocket gophers, except for the extreme gastern portion of its range
where it [dntergrades with P. m. mugitus. In this limited area, it is
sympatric with the southeastern pocket gopher (G, pinetis).

The foraging behavior and diet of P. ruthveni and P. m. lodingi are
uriknown. In an effort to better wunderstand the ecology of these rare
taxa, we obtained data on diet and observed foraging and prey handling
behavior both in the field and in the laboratory. We alse chserved prey

handling behavior of P. say? sayi and £1aphe obsoleta for comparative

PUrposes.

MATERIALS AND METHODS

Data oh diet in the wild were obtained from Tecal samples cobrained
from wild caught P. ruthveni and P. m. lodingi specimens held in the
laboratory for transmitter implantation or from dissection of dead
animals. Hair, claw, bone, and eggshell were extracted from samples and
identified by comparisen with a refersnce collection. Twe additional
prey records for P. ruthveni and one Tor P, m. lodingi were obtained
during field observations of radio-transmittered animals,

Civen the importance of pocket gophers in their diet, we
iypothesized that P. rurthveni may exhibit efficient behaviors for
capturing subteriansan prey. To test this hypothesis, we set up a large
aguarium (120 X 30 cm) with two interior plexigias dnserts that dafined

a b em wide space around the perimeter of the aguarium. This space was
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filled with slightly moist sandy Toam soil to a depth of 49 ¢m. This
s0il provided a2 space within which Baird's pocket gophers could
construct a burrow system. TFhe € cm soil width resulted in the dinterior
of the burrow being visible to én gbserver from ocutside the aquarium or
by looking from above through the plexiglas insert.

For =ach trial a pocket gopher was dntroduced dinto the aguarium and
given time to construct a burrow system 2-4 m in fength. A snake was
then introduced onto the soil surface adjacent o an open buriow
entrance Teft unplugged by the gopher, or opensd by the shserver. The
resulting behavior of the gopher and snake were observed. This
procedure was repeated 20 times with 14 1nd1vidua1_P. ruthveni and 11
Times with aing individual P. m. Todingi. Triails were atso conductead
six times with two bullsnakes (P. sayf say¥), and 17 times with seven
Texas rat snakes (Elaphe obsoleta lindheimerid. All snakes, except for
the P, m. lodingi, were %rom areas of sympatry with pocket gophers.
These gbservations were compared with prey handling behaviors observed
in cages (28 X 28 X 56 em) that provided information on prey handling in
conditiens wnrestrained by burrow walls,

A x* test with Yates® correction was used to compare predation
success among selected sazke taxa, To avoid a violation of independence
among samples due to repeated trials of individual znakes, we

statistically analiyred the dataz using only the first trial for each

snake.
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RESULTS

Baird's pocket gophers were the inzjor prey item (10 of 22> of P.
ruthveni represented in the data set (Table 1). A minimum of 18 of the
22 prey items {pocket gophers, moles, and turtle eggs) were presumably
ohtained from subteiranean sites. 5Small sample size precluded analysis
of prey composition by snake size or sex. 0Only seven prey records were
ohtained for P. m. lodingi, predeminately small mammais (Table 1).

A1l Tour taxa were efficient constrictors when handling smail
mammalian prey in open situations {cages}., Ih a total of 3% (11 P.
rathvent, 11 P. m. lodingi, five P. 5. sayi, and eight E. obsoleta)
successful trials conducted in cages lacking ohstructions, all faxa
exhibited similar prey handling behavior (Table 2). A1l four taxa
struck and grasped prey in their mouths, placed one or more full coils
araund the prey, and maintained their grasp with mouth and coils until
the prey appeared dead. In 3 few instances, snakes released their maufh
grasp before the prey was dead, but only after 5t was dmmobile. Smali
mammal prey used in these trials were an assortment of &. breviceps,
Peramyséus spp., Rattus norvegicus, and Sigmodon hispidus. ATl prey were
readily accepted with one notable exceptienf Three individual 2. m.
Todingi refused Geomys during 5 of 6 trials.

Prey handling behavier within burrow systems, however, varied
markedly across faxa (Tabie 23. Pituophis ruthveni reacted to the
occupiad burrow systems immediately, presumably due to abundant prev-

derived chemical cues. TIn a1l trials the snakes proceeded at a rapid
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rate through the burrow system until contact with the gopher. On only
cne of 20 trials was the gopher able to backfill the burrow sufficiently
1o prevent the snake's advance. Pitwophis ruthveni confronted with a
backfilied burrow initiated wigorous and powerful probing motions with
its head and neck and was generally able to breach the barrier. Once
cantact was made with the gopher, three siightly different wethods of
prey handling occurred: (1) the snake rapidly proceeded past the gopher
approximately 1/3 to 1/2 of the saake's total tength and compressed the
gopher by muscular kinking of its extended body (Fig. 1ad: (2) the snzke
rapidily proceaded past the gopher, dovbied back, and compressed the
gopher using twe lengths of its body (Fig. 1b); or {3} the snake briefly
(< 2 sec.) grasped the gopher in its mouth until the snake positioned
twa lengths of its body in place as in {2) abave. Only in method (I
.was the snake®s mouth used, and then only for one or two seconds.
Otherwise, the snakes head was Tocated several centimeters Ffrom the
gopher until the gopher was dead, or nearly so. Pituophis 5. sayid
behaved similarly +in &11 triais invoelving gophers in burrow systems
{Table 2, c.f. Hisaw and Gloyd 1926).

Fituophis m. lodingi reacted differently (Table 2). In 9 of the 11
trials P. m. Todingi either refused to enter the burrow system, or
entered but proceadad in a slow and deliberate manner. Individuals
typically doubled back either before or after contact with the gonher,
returaning to the surface or o an unoccupied portion of the burrow
system. Often, the gapher had detected the advancing shake and

backfilied the burrow with so0il, preventing actual contact by the time
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the slowly advancing snake arrived. In none of these rials did the
srake initiate a predatory atitack on the gopher or attempt to breack the
backfi1l barriers. Two trials, both by the same snake that had
previousiy eaten a Geomys in the cage trials, were successful. The
first successful trial resembled that of an E. obsoleta {see below).
However, the second sucgessful trial resemblied that of a P. ruth?enf.
The P. m. lodingi moved fairly rapidly through the burrow system, did
not use its mouth to grasp the Geomys, and made no attempt to use coiis
to constiict the prey. This individual was less proficient than 2.
ruthveni throughout the prey kapdiing sequence.

Elaphe o. Tlindheimeri behaved differently from all Pitwophis {Table
2). Elaphe 5. lindheimeri readily entered the burrow systems in
apparent pursuit of the gopher. Movements were slow and deliberate, in
marked contrast to those of P. ruthveni and P. s. sayi. The gophers had
often detected the advancing snake prior s its arrival and initiated
vigorous backfilling of the burrow. 8ackfilling was often successful (5
of 12 trials), and the snake was unable to penetrate the blockage and
attack the gopher. IT the snake arrived prior to backfilling, or was
able to penetrate the blockage and attack the gapher (7 of 12 triais)
the snake then grasped the gepher Hin it's mouth and maintained this heid
while attempting €o constrict the gopher din the confines of the burrow
system. These atrempts, althougk always successiul, appeared awkward.
The snakes eventually succesded in %iT11ing the gopher by obtaining a
partial coil and/or compressing the gopher against the burrow wall,

typicalily at the end of a burrow or at a sharp bend in the passage, with
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the anterior pertion of its body,

Based on the first trial for each snake, P. ruthveni was more
successful than either P. m. Todingi (¥*= 24.15, P < 0.000) or E. o.
Tindheimeri (o = 6.38, P < 0.025) in capturing G. brevfceps within the
confines of a burrow system., Sample $ize was too small to compare P. s.
sayi success.

A Tield observation of P. ruthveni capturing a pocket gopher,
although representing only a partial seguence, is consistent with the
above trials. On 16 August 1996 a 1.4 m female P. ruthveni was Tocated
with 15 cm of its tail protruding from a pocket gopher burrow. Its tail
was subseguently retracted inte the burrow. Several minutes later a
portion of the snake's body broke through the soil surface approximately
1.5 m from the burrow entrance. A struggling (. breviceps was hetd in a
Toop, not a full coil, of the snake's bady. The surface breach was
presumably a result of the pressure of the snake's kinked body breaking
through the relatively thin {5 ¢m) overburden. The snake did aot have a
secure ¢eil around the gopher and the snake's head was not visible.
After approximately $ min. the snake was able to retract its body and
the gopher underground. Both anierior and posterior portions of the

shake were intermittently observed for an additional 22 min. The gopher

was not observed again.
DISCUSSTON

The prey of Pituophis spp. consists primarily of small mammals
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(Sweet and Parker, 1991}, The dara reparted here for P. ruthveni and P.
m. Todingi are consistent with these reports. The prominence of pocket
gophers in the diet of P, ruthven? is consistent with the close
association of P. rurhveni with pocket gopher burrow systems. Telemetry
studies {Rudolph and Burgdort 1997; Rudolph et al. 1928) have
demonstrated that P. ruthven? present on the surface are most frequently
in the immedizite vicinity of a pocketr gopher burrow system. Pocket
gopher burrow systems are the main type of site Tor shelter during the
active season, hiberaation, and escape from fire.

The importance of pockei gophers in the diet of 2. rutfiveni may be
assaciated with the small cliutch size (X = 4) and large hatchling size
(X = 54.4 cm) of this species (Reichling 1990). Remarkably large
hatchling size may be an adaptation to reduce the amount of time and
growth necessary te reach a size sufficient to ailow predation on pocket
gophers. This strategy might have a selective benafit because of the
pavcity of small mammals in sandy upland sites in west Gulf Coastal
Plain longieaf pine savannzahs.

The reluctance of £. m. loding? to prey on pocket gophers in this
study s probably due to the lack of sympatry between these two taxa.
The relative contribution of genetic and learned components to this
behavier is unkaown. Comparable data from P. m. megites from areas to
the east of P, m. lodingi, where it is sympatric with Geomys pinetis,
would be of interast.

The efficiency with which P. rothvent and P, 5. sayi handie pocket

gophers in burrow systems has two critical components lacking in P. m.
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lodingi ané £. o. Iindheimeri. First, the rapid searching through
terrow systems reduces the probability of pocket gophers backfiiling the
burrow and preciuding successful predation. In the Toose soil of the
expertmantal system, pocket gophers could backfill and pack the burrow,
creating a burrow plug 4-8 cm in length in less than 1 min., Pirtuophis
ruthveni and P. 5. sayi, which possess substantial excavating abilities
(Carpenter_lﬂﬁz; Reichling 19495), were delayed for a minute or more. In
a paturait situatior this might altow critical tima fTor pocket gopher
escape. Elaphe. o. lindheimeri, Tacking specialized excavating
abilities, were completely stopped by a complated burrow plug.

S5ecend, the lack, or minimal, use of the mouth to grip the pocket
gopher, combined with compression using a kink in the spake's extended
body, reduces the risk of injary during prey handliag in a confined
space {(Hisaw and Gleyd 19263. Efficient prey handling gotentially
reduces the time required %o subdue dangerous prey species. In
addition, the saake's vuinerable head and neck are a considerabie
distance from the prey, further reducing the probabiiity of injury.

Our results support the previous hypothesis of a ¢lose association
of P. ruthvent and G. breviceps, and the near restriction of P. ruthveni
to longleaf pine savannahs {Rudoiph and Burgdorf 1997)., Our results are
also consistent with the hypothesized cavse of the apparent population
declines and range contractions of P, ruthveni in recent decades
{(Budolph and Buradort 19%7). We suggest that alteration of the fTire
regime has resulied in successional Toss of herbaceous vepetation and

cansequent dectiaes in G. Breviceps populations, the primary prey
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species of . ruthveni.
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TABLE I. Prey of Pituophis ruthveni and P, melanoleuwcus Todingi as
determined from field observations, analyses of fecal sampies and

gastrointestinal tiract contants,

Snake Taxon Frey Taxon Number Occurvrences

Pituophis ruthveni Centiys breviceps 10
Scalopus aguaticus 4

Parogmyscus sp. 1

Sigmadon hispidus i

Unid, mammal 2

Turtie eggs® 4

E. m. lodingi Sigmodon hispidns 2
' Eﬂﬁﬂmxacus s5p. pa

Sitvailagus sp. i

Colinus virginianus {eggs) £l

Spider 1

* Probabiy Trachemys seripta based on size and habitat,
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TABLE 2. Foraging behavior of selected snakes within burrows of Baird's

pocket gophers and in open situations. P. r. = Pituophis ruthveni, P. s. = P.
sayi sayi, P. m. = P, melanclevcus lodingi, €. 6. = Elaphe sbhsolete
findheimeri.
Taxcn # spccesstul Pursuit rate Mouth wsed Constriction®
1* trial ail trials stow rapid yes noe coil kink

Burrow trials

F.or. (n=14) 14 of 14 19 of 20 G 15 0 19== 0 19
F.m (a=9) 1 of 9 2 of 11 10 1 1 1 i 1
P. s, (n=2) 2 of 2 6 of & 0 6 D & 0 i)
E.a. {n=7) 3 o0f 7 7 of 12 iz 0 7 0 7 G

Gpen trials

Poro(n=11) 11 of 13 NA il G 11 0
P.om. n=3) 2 of 3 6 of 11%%% HA & a ) L\
F. 5. {n =2) 2 of 2 5 of 5 A 5 0 5 0
F. o. (n=7) 3 of 3 8 of 8§ NA & 0 8 0

* See text Tor definition.

#%  Tncludes 2 trials in which mouth grasp was used for < 2 sec.

HH
ik
=

Three individual P. m. {oding? refused C. breviceps a total of 5 times.



Figure €aption

Fig. 1. Prey handling postures of touisiana pine snake within a pocket
gopher burroew.
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