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STATE: Texas GRANT NUMBER:  E-14

GRANT TITLE: Endangered and Threate;lcd Speciea Conservation
REPORTING PERIOD: 901 /31 to 8!3_1![:-5__ .

FROJECT NUMBER: WERG0

PROJECT TITLE: Determination Of The Status Of The Louisiana Pine Snake
(Pituophis ruthveni)

OBJECTIVE(S):

1. Intensively survey, using traps, a representative set of localities of varying habitat
quality, within the historic range of the Louisiana pine snake in Texas.

2, Combine data from our previéus telemetry studies with the proposed survey effort to
formulate specific conclusions regarding the stafus of the Lovisiana pine snake.

3. Assess the impact of roads and vehicular traffic on snake popuiations, inchiding
Louisiana pine snakes, to determine the need for, and ¢ype of managenient options.

4. Develop management guidelines for this species based on previous telemetry studies
and proposed survey data.

Tasks:

1. Traps, of a design proven effective in captiring Louisiana pine snakes will be
instailed in arrays of 5 traps per site,

2. Localities will be chosen that are representative of the range of habitat condifions
currently existing within the historic range of the species to provide data on the
current distribuiion of the species within the historic range.

3. Traps will be operated during the snake activity season (Mar.- (¢t} for the duration
of the study. These data will be combined with the extensive trapping data currently
available from the best remaining habitat (over 25,000 trap days} to evaluate range
wide status of the Louisiana pine snake. s

4. Trap arrays wili be arranged in a tinear sequence of 5 traps per locality from 50m to-
850m from existing roads and off-road vehicle trails to ailow he concurrent
investigation of the effects of vehicle mortality on snakes in general,
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ABSTRACT

Intensive trapping for Loujsiana-pine snakes was conducted during 2000-2005 at
14 localities in 12 counties within the historic range of the speciss in eastermn Texas. A
total of approximately 73,000 trap days resulted in the capture of 2 individuals, and did
not verify extant populations at addition sites beyond those known in 1999. These results
provide additional suppori for the conclusion that the Louisiana pine snake is rare and
fecal (3 known tocalities) in Texas. Based on the precarious existence of the species at
the three known sites, it is likely that the species is vulnerable to extirpation in Texas.
Improved management, inéluding habitat improvement and pupulaﬁ-::m ]'I:ICI'EHS;E:, is
required to increase the probability that the species survives in the state. Managemmt
guidelines are provided for the managemient of the habitat required by Louisiana pine
shakes.

INTRODUCTION

This final report summarizes research accomplished on Project WERS( throngh
Septernber 2005. Work on this project began in late 1999 and has continued through
2005. The final (2005) trapping season is set to end in October 2005. A revised regort
will be submitted as soon as traps are closed for the 2005 season and tahles prepared.

Prior to initiation of this project Louisiana pine snakes were known from three
limited sites in Texas. During six years of additional trapping effori no additional sites
have been located. The substantial effort expended to date on defermining the status of
Louisiana pine snakes in Texas underscores the precarious status of the species in the

state.



OBJIECTIVES
1. Intensively survey, using traps; d représentative set of tocatities of
varying habitat quatity, within the historic range of the Louisiana pine
snake m Texas.

S Combine data from our previous ietemetry studies with the proposed
surveyeffort to formulate specific coriclisions regarding the status of
the Lotisiania pine snake.

) Assess the impact of roads and vehicular traffic on snake populations,
including Louisiana pine snakes, to determine the need for, and type of
mandgement pptions.

4. -+ Develop management guidetines for this species based on previous

telemetry studies and proposed survey data,

METHODS
Traps were instalied and moniforéd at 14 sites in § counties in eastern Texas,

Swurvey site;s were chosen to represent the.hest' remaining habitat, based on insight gained
from previeus teiefnetry studies, that had not been previously surveyed. Since most high
.quality sites had been previously surveyed, several sites were in areas of lower habitat
quality. All sites were within the broad historical range of the Louisiana pine snake.
- Trap construction and instatlation followed the methodology detailed in Rudolph et al.
(1999). Where feasible, traps were installed at varying distanices from roads to allow an

assessment of road and vehicle impacts on snake populations. See Radolph et al. (1999)
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for a detailed explanation of this approack. The methods followed the guidelines
established in the “Approach” stated in the Project Statement.

Y. Traps, of a design proven effective in capturing Louisiana pine snakes will he
installed in Tays of 5 traps per site,

2. Locatities wilt be chosen that are representative of the range of habitat conditions
currently existing within the historic range of the species to provide data on the
current distribution of the species within the historic range,

3. Traps will be operated dusing the snake activity season (Mar. — Oct.) for the 5

~ year duration of the study. These data will be combined with the extensive
trapping data currently availsble from the best remaining habitat (over ES,GUG trap
days) to evainate range-wide status of the Louisiana pine snake.

4. Trap arrays wili be arranged in a linear sequence of 5 traps per locality from 50m
to 850m from existing roads and off-road vehicle trails to allow the concurrent

investigation of the effecis of vehicle maorizlity on snakes in general.

. RESULTS AND DISCUSSION
During prior vears of this Section & Project 65,110 trap days were accumulated at
twelve localities in Anderson, Angelina, Jasper, Nmnédoche_s, Newton, Sabine, Sari
Augusting, Tyler, and Wood Counties. During this, and previous h‘apping'effoﬁ prior to
1999, the continued presence of Pituophis ruthveni, has only been documented on
southern portions of the Angelina National Forest, a single site on the southern poriion of

the Sabine National Forest (Foxhunter’s Hifl), and o Temple-Inland Forest Products



1
L

‘Corporation land innosthern Newton County (Scrappin’ Valley). These three areas each

consist of; at most, a few hundred hectares of occﬂpied habitat.
* "During the 2005 tiapping period (March — October) additional trapping was

- dccoraplished at seven of these sités in Angélina, Newton, Sabine, and Tyler Counties. A
total of approximately 8000 trap days were accumulated at these seven sites during 2005,
No additional Pitiuaphis ruthveii records were obtained during this period. Table 1 lists
the localities, ownership, 'and habitat 'ty[;le for the 14 sites where frapping cccurred duriag
the course of this project (2000-2005) and summarizes the total trapping effort. Tables 2
and 3 summarize the captures of snakes and other veriebrates during the 2005 trapping

: SeAs0n.

This lack of success reflects the ongeing shift of rapping effort during recent
years from known occtipied sites to areas of suitablé or inarginal habitat that are not
currently - kown to be nccupiéd-hy Louvisiana pine snakes. In particular, five of the sites
investigated during 2005 are located on isidustrial forest lands that retain patches of
apparently suitable kabitat surrounded by intensive short rotation silviculture. These
sifuations kave not previdpusly been found to Sﬁpp ort populations of Pituaphis ruthveni in
Texas, pethaps ia part, due io lack of sufficiént effort. However, recent detection of
Pituophis ruthveni in similar habitat in Louisiana (Rudolph, unpubl. data) supported the
importance of more intensive surveys of these situations in T;exas, Louisiana pine snakes
were not detected in-these landscapes dominated by short-retation silvicultural practices
in Texas.

A manuscript detailing the current status of Pifuophis ruthveni, incorporating the

data from this project, 15 cwrrently “in press™ in the Sontheastern Naturalist, A “draft”
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copy is appended io this report. The assessment of the status of the Louisiana pine snake
contained in the manuscript concludes that the species is rare and currently confined to a
total of six general areas in Texas and Louisiana. T_l':u:_se. areas consist of a few hundred to
several thousand hectares of potential habitat, but in {otal sepresent a small fraction of the
original range of the species. Recently obiained data from one of the larger areas of
occupied habitat in Louisiana, based on capture rates in our traps, suggest that the
population may be extremely low at that site. Thm information potentially raises congem
for the continued survival of viable populations of this species.

During 2004 2 “Candidate conservation agreement for the Louisiana pine
snake, Pituophis ruthveni” was finalized. This document was signed by USF&WS, Dept.
of Defense, U. 8. Forest Service, Louisiana Dept. of Wildlife and Fisheries, and Texas
Parks and Wildlife Department and details management objectives for the recovery of
Lonisiana pine snake popuiations. Results from Preject WERG60 were instrumental in
providing data used in developing this agreement,

S1x published manuscripts; a draft of an “in press” manuscripi on the status of the
Louwisiana pine snake, and a copy of the USE&WS. Cangdidate Conservation Agreement
that use inforination developed using WER60 funding and/or funding from a previcus
Section & Agreement are appended to this report. In addition, two manuscripis are “in |
press” in Herpetological Natural History, A manuscript based primarily en data obtained
in conjunction with the ficld work supported by this Preject WERGO itled “Diet of .
crotalid snakes of the West Gulf Coastal Plain’ is in review and additional manuscripts

are anficipated,



In suinmary, invesfigations to date continue fo suggesi that the Louisiana pine
snake is-absent from much of its original range in Texas. Itis apparently rare in the three
‘linhited aress in the state knowri to be eurrently oceupied, and js presumably at high risk
of extirpation in the state. Lack of success in locating additional occupied habitat despite
. massive trapping effort is cause for additional concern.
" Four objectives were included in the Projec Statement for Project WERSD.
- These Objectives are addressed helow.
* -+ Objective I. Intensively survey, using traps, a representative set of localities of
varying habitat quality, within the historic range of the Louisianz pine snake in Texas,
Surveys foi Louisiana pine at{akes' were conducied under WERS0 during the
years 2000-2005 in a total of 14 sifes in a total of seven counties within the historic range
in ¢astern Texas (Table:1). Mosi of the high guality sites with a higher probability of
supporting Louisiana pine snake populations had beeri surveyed between 1993 and 1999,
Sites chosen for survey effort under WERS( were generaliy sites with a lower probability
of supporting populations due o presence of lower quality habitat, based on results of
previous telehetry studiés; or distancs from known occupied habitat.

'+ -Over 65,000 trap days were conducted in the 14 sites. Resuits were negative at 13
of these sites:. Two Louisiana pine snakes were captured at the Angelina National Forest,
County Line site which is isfimediately adjacent to habitat previously known to be
occupied.

. The generaliy negative tesults from extensive frapping effort suggest that the
probability of the existence of additional populations in Texas is not great. See Objective

2 below.
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Objective 2. Combine data from previous telemetry sfudies with survey effort to
formutate specific conclusions _re_gardjﬁg the status of the Louisiana pine snake.

During the course of this project approximately 73,000 trap-days were conducied
in potential Lonisiana pine snake habitat in Texas (Table 1). Combined with previous
trapping effort in Texas and a:idiﬁunal trapping in Louisiana nmch is now known abount
the current status of the Lonisiana pine snake. A manusctipt incorparating results from
this project has been prepared (Rudolph et al. In press}, The major conclusions detailed
in this manmscript are 1) The species is rare and local in ocecuzrence, and may have
deciined in recent decades; 2} The Louisjanz pine snﬁke 18 currently knowti fo oceur is six
general areas within its historic range (3 in Texas); 3) Habifat alteration.and loss has
been extensive throughout the historic range of the Louisiana pine snake; 4) intensive:
short-zotation silvicultural practices and alteration of the fire regime are the primary .
factors resuiting in habitat degradation and fragmentation of populations; and: 5)
Improved management is necessary to recover Louisiana pine snake populations and
avert extirpation of existing populations..

The extensive trapping at 14 additional localities in Texas supported by WERGO
through 2005 support and extend the conclusions listed above.. The primary emphasis
.during the surveys conducted under WERS( was to iarget sites influenced by intensive
silviculiural practices, fragmentation, and isolation from known occupied habitat. During
six years a total of more than 73,000 trap days at 14 sites failed fo locate additional
occupied habitat. Combined with previous trapping effort in Texas and ongoing trapping
in Louisiana, the Louisiana pine snake is curently imown to exist in three areas.of

limited extent in Texas, and three larger areas in Louisiana.



In Texas, Lounisiana pine snake populations have been documented, since the mid-
1990s, in three remnnant areas of apparently high quality habitat. These areas are 1)
Angelina National Forest, north and east of Boykin Springs and southwest of State
Highway 63 in Angelina and Jasper Countiés; 2) Sabine National Forest, Foxhunter’s
Hill:atea in.extreme southern Sabine County; and 3) Temple-Inland, Inc. property
(Serappin’ Valiey).in northern Newton County. Each of these areas eonsists of only a
_few hundred hectares of kmown occupied habitat. These three areas contain the highest
., quality longleaf pine savannsh habitat remaining in Texas. Previous telemetry studies in
- ..gach of these three areas (Rudolph et al 1997, unpubl. datay demonstsate that Louisiana
. ping snakes make extensive use of the remnant savannah habitat,

. .. The extensive trapping af sites in 10 counties in Texas (Rudolph et al. In press,
this report) have failed to ¢onfirm existing populations in addisional areas. These sites,
all within the gengral historic range of the species, include most of the remaining high
quality pine savannah sites in Texas, and otheriwise suitable areas subject o intensive,
short rotation silviculture and/or fire suppression. These results suppori the possibility
that the Lonisiana pine snake, historically recorded in 15 counties in Texas, may persist
in only 3 small areas of remnnant habitat in portions of four counties.

- Four factors shiould bé considered in relation to the above conelusion. First, not
all potential sites in‘Texas have been surveyed for Louisiana pine snakes. Second, even
. }_‘gt.s:iga_s known to be occupied, trap success is low, sometimes as Jow a one capture per
-several thousand érap-days. Thus the possibility exists that surveys can fail to detect
Louisigna pine snakes, even after considerable trapping effort, Third, singte Louisiana

pine snakes were collected in Tyler and Montgomery Counties in the early 1990
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{Rudolph et al In press) suggesting that addition populations could occur, However,
habitat in these areas is highly degraded and may not be able to-support viable
populations. Finally, recent surveys in Bienville Parish; Louisiana recorded two
Louisiana pine snakes from landscapes heavily dominated by intensive, -sorf rotation
silvichiture. However, land use change has been relatively recent in this area, and éhese
individuals may represent surviving individuals rather than a viable population.

In conclusion, available data suggest that Louisiana pine snak_&a-persist in Texas
at a few, perhaps as few as three, smalt and isolated sites. The probabitity of substantial
numbers of additional ocenpied sites, and any sites consisting of more than a few hundred
hectares is Jow. This represents an apparent decline from & historic-range that occiipied
portions of 15 counties in the eastern portion of the state. The rénaining poputations
remain highly vulnerable to the factors presumably responsible for past declines; in
particular fragmentation, road and vehicle impacts, and an inappropridte fire regime
resulting in habitat degradation {Rudolph et a1, 1997, in press).

Objective 3. Assess the impact of roads and vehicular fraffic or snake-
populations, including Louisiana pine snakes, to determine the need for, and tvpe of
management opfions. ..

Previous research on Louisiana pine snakes and other sriake species ideiitified
roads, associated vehicuiar traffic, and off-road vehicles as 2. factor impdciing snake-
populations {Rudolph fI:t al. 1998, 1999), Trap resuits suggested that pepulations of Lirger
snake species were depressed adjacent to roads, and that this effect extended at teast 800
it from the roads. Trap success was depressed by nearly 50% at distances up to 450 m-

from roads, compared to trap success at 850 m. (Rudolph'et al. 1999). Using a different

i
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approach, it was concluded that imber rattleshake (Crotafus horridus) populations in

eastern Texgs persisted primarily in areas of lower'toad densifies (Rudolpk et al. 1398).

In addition, several Louisiana pinie snakes both live and dead, were noted on roads during
the course of this work.

-Captures of Lounisiana pine snakes are foo few to directly assess impacts of roads

.on populations. However; during previous telemigiry studies 4 of 15 (27%) of mortalities

of snakes in the field were associated with vehicles, incinding off-road vehicles, and
roads {Himes et al, 2002}.. Substantial additional trap data are available from the trapping
conducted under WERS0 (Table 4). These data do not show a ¢lear relationship between
trap success and distance from the primary roads involved. An assessment of road
impacts-on snake populations was not the primpary objective considered in choosing

tocations for surveys. Consequentiy, additicnal roads in many of the survey locations are

.a confounding factor. Rather than contradicting the earliér results, the surveys conducted

under WERG(Q emphasize the prevatence of roads on the landscape available to Louisiana
pine snakes. Taken together, the above data suggest that roads and vehicles have the
potential to depress Louisiana pine snake populations thioughout most of the historical
range. Roads and sybstaniial vehicle traffie ﬁ'agméﬁt all thizee of the known populations
still extant in Texas.© = . i

.- Available data on vehicle Telated mortality, réduction of snake populations

. _adjacent to zoads, and the presence of numerous roads in Louisiana ping snake habitat

suggest that road related mortality of Loinsiana gine snakes 1s 4 mmanagement issue.

highways 63 and 37 and a large number of minor roads pass through occupied habiéat,

11
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thus the possibitities for effective mitigation are limited. Four general eafegories for
rnitigslnzing road and vehicle related mortality exist (Bennett 1991, Jackson and Griffin
1999); crossing structures, fences or barriers, road closures; and aitering driver behavior.

Louisiana pine snake activity is dispersed across the landscape; Lack of infensive
use areas, i.e. communal hibernacyla, preclude the efficient use of crossing stuciures and
fencing of roads to mitigate vehicle impacis. The cost/benefit ratio is simply too-great {o
make these approaches practical. Road closures are a foasibie management actiofi. Tt is
probably not feasible to close major highways and roads, however sinaller management
roads and off-road vehicle use areas could be elgsed in occupied habitat. National -
Forests and Grasslands in Texas have closed areas io offeroad vehicle use, in part dhe to
Louisiana pine snake considerations, and some road closures are under consideration.

Appendix I outlines management guidelines, including those relevant to road and _
vehicte issues, that could be tmpleménted to improve the viability and begin restoration
of L{;uisiana pine snakes in Texas. .

Ohjective 4, Develdp managernent gwidelings for Louisiana pine snakes hased
on previous telemetry studies and survey data.

Previous research indicated that Louisiana pine spakes are intiabitanis 6f pine and
pine oak savannahs, primarily on sandy, weli drained soils (Reichling 1995, Rudolph et
al. 2002, Ealy et al. 2004). The presence of a well-developed herbaceous layeris also
critical. A frequent fire returs interval reduces the development of a dense midstory layer

and allows a well-developed herbaceous layer to be maintained. These habitai -

characteristics are those necessary to support Baird’s pocket gopher populations.

12



The available data demicnstrates that iie prey of Louisiana pine snakes consists
primarily of Baird’s pocket gophers (Rudolph et al. 2002). Habitat alteration that reduces
the hetbaceous vegetation can eventually result in depressed pocket gopher populations.
It is hypothesized that at some point pocket gopher populations decline to a teve} that can
no longer support viahie Louisiana pine snake popitlations (Rudolph and Burgdorf 1997).

. -Based-on available data the manisgement of Louisiana pine snake populations

-+ would seem fo require management for a fire-maintained savannah conmmunity on well-

. draned sandy.uplands. These communities stiould be monitored to insure that an

adequate herbaceous layer, supporting a healihy pocket gopher population, is present.
Most potential habitat is within the historic longteaf pine belt, as are currently known

extant populations Louisiana pine snake populations (Rudolph et al. in press). Longleaf

... pine; due to its many adaptations to sarvival in a frequent fize regime, is generally the

most appropriate species to'manage for in existing Louisiana pine snake habitat in Texas.
Lovisiana pine snake habitat is generally similar to that required by Red-cockaded
Wﬂo,dpeﬂkers (Picoides borealis), Bachiman's Sparrows (dimophila bachmani), and
many additional ptant and animal species dfcnnsewatinﬁ concern on the West Guif
Coastal Plain. Habitat management for these species is often similar to that required for
Louisiana pine snake and provides muléiple opportunities that should not be overlooked.

Vehicle related mortality is ocourring in Lovisiana pine snake populations (Himes

. et al. 2002}, The presence of roads and vehicle traffic within, and adjacent to, existing

Louisiana pine snake populations in Texas should be addressed. Limited mitigation

mezsufes are available to reduce the leveis of vehicle related mortality. Given the

apparent critical status of the species in Texas, it would be prudent to address the issue of

13



vehicle related mortality. Closing of occupied habitat to off-road vehicle use and closing
roads, where feasible, would improve the probability of population survival and TECOVETY.

In the long-term management shoulid aitempt to increase.and expand populations
of Louisiana pine snakes to reduce the probability of further declines. The existence of
vmoccupied blocks of apparently suitable habitat, within the hist;:)'ric range 6f the species,
suggests that extant populations, currently existing in similar size blocks, are vilnerable
to extirpation. It is critical that low quality habitat adiacent to currentty occupied habitat
be restored to allow poputation expansion. In the absence of populatich expansion, it is
likely that the currently existing populations iack long-term: viability. .

A long-term management plan shoutd also address the potential for establishing,
or locating, additional populations. This would involve additional suiveys for existing
populations, possible gstablishment of a captive breeding program based on genefic stock
from Texas, and reintroduction of the species to suitable unoccupied habitat. Any-
reintroduction program should only be undertaken after carefill consideration by a diverse
panel of experts. ‘

SUMMARY

As 3 result of intensive survey efforts since 1993, the current status of the
Louisiana pine snake in Texas is much improved. The Louisiana pine snake is rare and
tocal in isolated small patches of suitable habitat, and is presumably extirpated from
much of its historic range in the state. Habisat loss due to land use changes #nd alteration

of the originat fire regime are the primary causes of these declines. Intensive

‘management of the rcmaiﬁiﬁg pbpiilatiuﬁs aﬁd;heir habitat is erucial to prevent finat *

14
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extirpation. In the long-term, management 10 Testore habitat and expand populations is

necessary to insure that viable populations are present.
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Table 1. List of TX Sec VI sites included in this report.

Locality

County

Ownar

Habitat

Trap Days

Years Open

P.r. captures

Angelina NF [County Line) - south side
of SH &5, 2 km SE of intérsection with
F5 rpad 347

Jasper

USDAFS

Longleaf pine savannah

B745 2000-2003

Yes

Angeiina NF {Owl) - South side of FS

rd 306, 4 km E of intersection with FS
rgd 323

Jasper

USDAFS

Longleaf pine savannah

4080 2002-2005

Mo

Beef Creek - 3.2 km west of
intersection SH 98 & R255

Jaspar

Tample-Inland

Laoblolly plantations with
longleaf inclusions

3080 2003-2005

Mo

Garlington - 4.5 km wast of
intersection SH 96 & R255

Jasper

Temple-Intand

Loblally plantations with
lengiesf inclusions

3090 2003-200%5

Ma

Gus Engeling Wildlife Management

frea - 3 krn NE of Bethal

Anderson

State of Texas

Qak crosstimbers

5825 2000-2002

No

Little Rocky Preserve - CR 1007, 5 km
SWof Brownded] ¢ :

Jasper

The Nature
Conservancy

Mixed pine savannah

2275 2000-2001

No

Mill Creek Ranch - east of £I4 2869, 2-
3 km south of SH 154

Wood

Private

Qak crosstimbers

10785 2000-2003

" No

Sahine NF {Comp. 135} -

compartment 135, south of FS rd 117

Sabine

USDAFS

Longleaf pine savannah

To be updated

Na

Sabine NF {aneland} - & km aast of

Fineland, east side ofFSrd 1181in FS
compartment 91 '

Sabinea

USDAFS

Langlesf pine savannah

4280 20002003

:No )

Sabina NF (San Augustine Sandhills) -

compartments 51 & 52 near

San Augustine

LUSDAFS

Longieaf pine savannah

1970 2002-2003

Mo

intersection SH 147 & FM 1279

i\__d ;



Table 1. List of TX Sec VI sites included in this report.

——~—-u@*'-‘——lfdaf;"ﬁei2F;iﬂ;;;i?ﬂgﬁ:ﬂ‘ﬁ;iiz ﬁgﬁf{’;& USDAFS Longleaf pine savannah - | 2310 20002001 Na
T —— 9 KmNEof Nesion Temple-ntand  |Loblolly piantations 6500 |  2000-2005 No
ok o o 1087, Necogdoches Temple-injand [0y Plamtations with pine- | o551 2000.2002 No
roodpecker Hil - 65 wmeastol lrver . [Louisiana Paciic l';‘::ggg‘l’r:im::;‘;’f with 3090 20032005 .|  No




Table 2. Snake Captures by Species - 2005

Trap Number
Species BGC-1 BEC-2 BC:3 BC-4 BC-5 5v-1 SV-2 Bv-] SV SV8 | Specias
Aghistrodon contoris 1 i 5 1 2 4 |Agkistrocon conforfix
Apkistrodon plssivarus | 1 Agkistrodion pischems
Cempphors coctlnea Cemophora ¢occinga
Lotuber conskiclor 1 1 Cofuber consitictor
Eigphe gutitg 1 2 Elaphe guttala
Elaphe ohsoiata 1 2 1 3 3 2 Elaphs obzolota
Farancia abacurs Farencia ghacurd
Heleradon plafirings Hetorodon plakirhinos
Masticophis Ragaifum B 1 3 8 [ 10 4 5] 1 Masticopiis Hfanafium
Micrurs fuliius i 1 Aicrunes fulvius
Thamnophis proximus N Thammophis proximus
Linldentified Unidentifiad
Tolal 36 7 2 4 10 13 17 9 13 1 G Tolal 48

Species GA-1 GA-2 GA-3 G4 GA-5 WH-1 WH-2 Wi-3 WH- WH-5 |Spocles

Agkistrotion confortrix 2 3 i 3 3 2 2 1 Apkistodon contorx
Agkistrodon piscivoris Agkistrodon plseivanss
Camaphours cogtinea Cemaphors eoccinga
Cotuber constictor 1 4 Coduber conglricior
Efaphe guitata’ 3 4 1 4 7 1 1 1 Eiaphe quitala
Efephe ohsvlata 3 2 z Elapha obsolaia
FRramcia abacura Fararncia abacura
Halerodon platirhinos 1 Hatoradon platirhinios
Masficophis fageiium & 3 10 o 4 5 5 8 -] Maslizophis Ragolfum
Micrurus fufvius 1 1 . B i i Micrirus filvis
Thamngpiis proximus i 1 Thammophis proximus
Unidentfed 1 ~ - |Unident|fled

Total 65 10 14 13 7 | 16 ' 14 1 ] Taotal 51
Species CwiAd | Owl2 | Owi-3 | owl4 ! Owis :
. _ng;fﬁmdﬂn pc;n;‘m 3 . 2 Grand tofal = 224

- Cermophora eoccined 1
Cofuber consiitior 2 1 1

_Elapha gultata 1 1 2 1 :

- Efaphe obsolgts ] j 1

" _Farancfa abacura - 1 Legend

Hafemdon plafirhinos 1

Magticophis Hagedum 2 5 BC = Baaf Craek

Micruris fufvius' : GA = Garlington

Thamnophiz proximus 1 Owl = ANF i Clustar

Linidentified | SV = Scrappin' Valley

Total 28 & a 1 2 12 WH = Wondpecker Hil



Table 3. Other Vertebrate Captures by_' Species - 2003

-w

Trap Mumbar .
1Species BC-1 BC-2 BC-3 BC4 BG-5 1 8y Sv-2 5v-3 SV-4 V.5 |Spocies

Linidenliffable anuran ] Unidanlifiable anuran |
Suifo. sp. Bufa sp,
Sufo valiceps | 1 1 1 Bufivalicans
Buiny woodhousd .. 1 Bufe waodhowsi--
Rana- sp. Rans sp.
Hana catesheiang - Rana cateshelana
Rana clamftans T Rang. clamitans
Rana sphanocephals 1 Rana sphenoceniala
Amolis caralinensis : 1 g 1 2 - Analis carolinensis
Cremidophons sexlineaius 4 1 1 1 2 Cremidophorus saxfineatus
Eumaces fascigliug 1 Eumsces fagciaius
Qofisaurus afterlushes ., Ophisaurus atfoniuatus
Seafopovus undulaiis 1 3 2 1 SCelaponts undofatis
Seincelly fateralis - Soincels latarafs
Terrapans crmaty . | Tarrapana omala
Unideniifiable bird . 1 LInideniifiable bird
Almonhiius sestivalis 1 . Airophivg aesiivalis
Thiyotfienss fudovicianus 1 1 5 Thyothorus ludoviclanus
Blarine carolinerisis Barina carofinensis
Chaatodipes hspldus 1 Chaatodipus hispidus
Cryplalis perve Cryptolis parva :
Didelphis virginiana Didalphls vinginfana
Geovnys fraviceps 1 reamys bravicops
Mustels franatg Mustsla frenala
Maclora forfdana Heaknpa Mordana
Dchratomys nuffali Qehrutomys nudtaili
Peromyscis sp, 1 1 3 Peltmyscus sp.
Rethrodoniomys fivascens 1 Roithrodomiomys fulvescans
Seiuris 2p. Scirus sp.
Sfgmadon hispiding 2 1 3 |Sigmadon hispigus
Syivitagies Maddanys 3 1 2 Sylvitagus Roridanus
Unidentifable small manmal Unidenlifiable small mammal

Tatal 34 2 [i] 11 & G 3] i i) o Fil Total 26




Table 3. Other Veriebrate Captures by Species - 2005

Trap Humbar
Spacies GA- GAsD GA=] GAd | Gil5 WH-{_| WH-2 | WH-3 | WH4 | WHS5 |Spacies
| Unidenfifiable anuran i 1 Lintdentifiable anuran
Bufa =p. Bulo sp.
EBifor valliceps 1 Btifs valiceps
8o woodhousi 1 Bufo wooohousi
Rang 5p. 1 Rana sp.
Fana-catesheiana Rana caleshalgna
fana clamilans Rana clamitans
Rana sphenocaphaia 2 1 2 1 1 1 Rana sphenscephiala
- |Anois coralinensis 1 1 7 1 1 1 2 Anolis canlinansis
Crsmidophaorus sexlineaius 2 1 3 2 CRemidophons sexfineats
Eumaces fasciatus Eumscas fasoigtus
Ophisaurus sftomtuates 1 Cahisawis aitenttists
Sesloporus undulatus 1 Sealoporus undulatiis
Srinceta latoraf Scincala laterats :
Temapeone omala 1 Tervenens omals
LUnldentifighle bird LInidantifiabile hird
Afmophilies aashivals - 2 Alnophiiis agstivalis
Thrvathones ludovicianus 1 Thrvattorre fudavicisnus
Blaring caralinensis 1 Biarina carofimensis
Chaelodiprs hispieus Chaglogipus hispidis
| Cryplofis pana 1 Cryvptotis panva
Didelphis. virgiiniana Didelnhis virginlans
Geomys-Srevicens [Geomys breviceps
Musfola frenata Mustala. frensta
Meofoma floridang 1" Neotoma fordena
Qchrofomys imtafii . 2 |Ochmotorivs nutfaili
Paromyscus 50, 1 1 T 5 5 Paromyseus 5o,
Refhrodantomys filvescens. Reithradontomys fulvescens
Schurus sp. 1 1 SCirLs sp.
| Sigmodon fispidus 2 3 1 1 Sigmedon hispidus
| Syfvitagus Rorddanus 1 1 i Syivitegus fordanus
Unidentifiabla smail mammal 1 1 1 Unidenlifiable =mall mammat
Total 33 B 5 3] 10 4 [ 4 ] 7 T 14 Total 41




Table 3. Other Vertebrate Captures by Species - 2005

_ Trap Number Totals by Specles

Species il w2 Lwl-3 Owl-4 Cwl-5

Unidenlifiatia arusan . ] 2  [Unldeniifiable sniran

Bufa sp. ' 1 1 |Bute sp.

Bufe valliceps 1 1 1 10 St valliceps

Bufo wooodhatsi 4 g 15 Bufs wosdheusi

Rana sp, 1 Ranra sp.

Fana caleshefans 1 1 2 Rana calesbeiana

Rana clamitans 1 ) 1 Rana clamitans

Rana sphenacephals g Rang sphanccephals

Anclis carolinensis 1 ] 1 1 3 Anofis cariinarsis

Cremidophinmms sexlinestus 4 7 11 4 40 Chemidopharus sexlinoatus.

Eumeceas fasciatus 1 3 Eumeces fasciafits

Cphisalrus athentuatus 2 3 Cphisaurus aflentuatus

Seafoporus undiiatus 1 1 2 12 Scelopors ungulabes

scincols lateralis 1 1 Scicelta taloralis

Terragene omala 1 Terapene omata
Unidentifiable kird 1 Unidentifiable bird

Almmophilus aesiivalis ) Aimophilus aastivalis

Thryathorus fudovicianys 1 9 | ThoeoiRorus ludovicianus

Biarina canolinensis 1 2 Daring carolinensis

Chostodigus hisgidus 1. |Chaetodipus hispldus

Cryptotis panva 1 Cryplolis panva

Ditlalpfis virginiang 1 1 2 Didelphis virginians

Gaomys breviceps 1 2 Sevnys travicens

Musisla frenata 1 1 Musiels franaty

| Neatoma forddang 1 Meotorma Rordana

 Cehrotonys nuitaili 1 3 Qchrolontys nuttali

| Peromyscus sp. 1 1 2 22 Parcmyseus sp. Legand

| Reffiradontomys uvescens 1 Fatfirodoniomys flvescens

| Sciurus sp. 2 Schrus sp. ] BC = Baef Creek
| Sigmadan Rispicus 1 2 16 |Sigmodon hispitus GA = Garlinglon
| Syivitagus fondanus 1 1 1 12 |Spivilegus Tondanus Owl = ANF Cwl Cluster
Unidentifiable small mamrmal 3 Linidentiliabla small mammal SV = Scrapaln’ Valley

Total 73| 10 17 16 23 10 213 WH = Woodpecker Hift




Table 4. Snake capt ~ 3s at varying distances fron” hads.

Number of .
years Distance from Road

Locality trapped 50 m 250 m 450 m 850 m 858 m Totals
Angelina NF {County Ling) & 21 42 23 49 51 181
Angelina NF {Owl} 4 35 43 29 25 30 162
Gus Engeling Wildlfe

Management Area 3 61.1 76 68 36 17 259
Mill Creek Ranch 4 64 83 59 53 - 51 30
Sahine NF (Pineland) 4 13 24 - 23 20 18 103
Sc._:rappin' Valley 5 95 52 104 69 57 377
Tankawa 3 53 41 23 as 42 207

Totals 350 361 342 230 265
4G0

200
160

Snake Captures

300

250 m

450 m

630 m
Distance from Roads
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ABSTRACT

Extensive trapping surveys across the historic range of the Louisiana pine
snake (Pitucphis ruthveni Stull) suggest that extant populations are extremely
small and limited to remnant patches of sultable habitat in a highly fragmented
landscape. Evaluation of habitas at all known historic localities of P. ruthveni
documents the widespread degradation of the fire-maintained pine ecosystern
throughout the tustoric range of the species. The primary factors leading fo
degradation of P. rursiveni habitat are infensive pine silviculiure and alteration of
the pre-European fire regime. Habitat restoration on public lands is feasible and
could potentially restore populations of this critically rare species.

| INTRODUCTION

The Louisiana pine snake, Pituophis ruthveni, has long been considered one of
the rarest snakes in the United St;ﬁes {Comant 1956, Young and Vandeventer
1988}, Pituophis ruthveni is restncted to eastern Texas and west-central
Louisiana, a range that coincides with that of Pinus palusiris Mill. (longleaf pine)
on the west Guli Coastal Plain (Conant 1956, T:humas et al. 1976, Reichliﬂg,
1695}, Prior to recent fieldwork, fewer than 60 records of P. ruthveni were
represented in the literature or museum collections.

Elatid recently, very little was known cﬂncf;ming the ecology of P. ruthveni.

Available information consisted primarily of distribution and habiiat data based



on collection records (Conant, 1956, Thomas et al., 1976, Young and Vandeventer
1988} and reproductive biology in captivity (Reichling 1990}, This paucisy of
informaation stimulated recent investigations into the ecology of P. ruthrveni
(Rudolph and Burgdorf 1997; Rudoiph et al, 1998, 2002; Himes et al. 2002,
20032, 20035). This work snggesis that alteration of the fire regime has led o
habitat alteration resulting in declines of Geomys brevicepy Baird (Baind’s pocket
gopher), a primary prey of P. ruthveni (Rudolph et al. 2002). These changes are
thought to have led to population declines of P ruthveni,

The limited range of 2. ruthveni, combined with its apparent rarity, have led to
recent concerns about the conservation status of the species {Young and
Yandeventer 1988; Reichiing 1990, 1993). Recent authors have sugpgested that
range restrictions and population declines have been substantial (Young and
Vandeventer 1988, Reichling 1993). Past and ongoing habitat alterations, due to
lass of forest habitat, intensive sitviculimre, and alteration of fire regimes, have
been severe throughout the range of the species, further heightening concern about
the status of P. rutfrveni (Reichting 1995, Rudolph and Burgdorf 1997, Rudoiph et
al. 1998}. In response to these developments the 1J. 8. Fizsh and Wildlife Service
has recently initiated an evaluaiion of the status of the species.

Dhuring the course of our investigations of the ecology of P. ruthveni, we 1ilave

conducted extensive irapping for the species throughout its historic range, visited

L¥E}



all known localities, and obtained data on habitat, diet, and behavior (Himes et al.
20062, 20038, 2003b; Rudolph and Burgdorf 1997; Rudolph et al. 1998, 2002). A
substantial pumber of recent distributional records resulted from this field worlk,
and 1t 15 appropriate to assess the current status and distribution of P. ruthven.
MATERIALS AND METHODS
* Beginning in March 1993, raps were installed in Texas and Louisiana within

the general limits of the historic range of P. ruthveni. Trap sites were initially
chosen based on recent records and suitability of habitat io maxirmze the
probability of capturing individuals. Subseguent sites were chosen from localities
within the historic range of the species representing a range of habitat conditions.

Traps consisted of treated plywood tops and bottoms (1.2 X 1.2 m) supported
by wooden uprights 0.45 m in height. The sides were screened with hardware
cloth (3.2 or 1.5 mm mesh). A hinged door in the fop allowed access by
investigators. Snakes could enter the traps through 4 funnel entrances consirucied
of hardware cloth and placed in the midpoint {Jf_' each side of the trap. Drift fences
extended approximately 15 m from each funnel entrance. These were constructed
of hardware cloth approximately 60 ¢m in width and buried approximately 10 cm
in the spil. A water source was placed in each trap.

Traps were operational from early March o late October inclusive, the

approximate activity peried of P. ruthveni (unpubl. data). Captured P. ruthvend



were Tetumed o the Laboratory. Snakes were sexed, measured (SVL, TL, mass),
and implanted with a PIT tag or radio-transmitier depending on cusrent research
reeds. Snakes were returned to the point of captuore within 2-14 days of
implaniing procedures,

Habitat was assessed at cach trap site. In addition, all mstonical localities of 2.
ruthveni were visited and habitat assessed. Fcl}r'purpcsses of this research, habitats
were ranked, on a four-category scale, from excellent to poor based on the
following criteria:

Excellent - forested habitat; sandy, well-drained soils predominate; at least
50% herbaceous cover; pocket gophers widespread and common.

Good - forested habitat; sandy, weli-drained soils present; at least 25%
herbaceous cover; pocket gophers present.

Marginai - forested habitat; sandy, well-dramed soils present; at least 10%
herbacecus cover; pocket gophers present (af least along highway and utility
rights-of-way).

Poor - failure to meet any one of the above minimum criteria.

These general criteria were based on information in the iiterat-ura and obtained
during owr radio-telemetry studies (Rudoiph and Burgdorf 1997).

RESULTS



Traps were placed at 14 sites in 10 counties in Texas and at 9 sites in 5
parishes in Louisiana between 1993 and 2001. A total of 98,143 trap days were
accumulated during this nine-year period resulting in the capture of 2372 snakes
of 23 species. Twenty-six P. ruthveni were captured (Table 1} Overall, trap
suecess was one . ruthvent per 3775 trap days, However, for sites where at least
one F. ruthveni was captured (n = @), the success rate was one snake per 733 trap
days (range one snake per 355 to 1888 trap days). Eleven of the 23. sites were
within 15 ki of a historic locality for P. ruthvend, and the specles was captured at
five of these sites. Nine of these eleven sites had good or excellent habitat. The
W@Ive rem;e;ixﬁng sites were within the general area of the historic range, but > 15
km from known locality records; P. ruthveni was not captured at any of these
sites, Eleven of these 12 sites had some good or excelient habitat remaining.
Habitat that qualified as good or excellent is currently rare in eastern Texas and
west-central Lounisiana due to habitat alteration. Most sites are small, a few
buadred hectares, and isrcrlated.

The 137 records of P. ruthveni available through 2001 are from 15 counties in
Texas and nine parishes in Lm:lisia.na {Fig. 1). Since 1990, a t-é:rtal of 37 records of
P. ruthveni are available. All but two of these records are frorn six limited areas

in four counties (Angelina, fasper, Neﬁ’ton, Sabine) in Texas and four parishes



(Bienvilte, Nachitoches, Vernon, Wian) in Louisiana (Fig. 2). The two additional
records are single individuals from Tyler and Montgomery Cos. in Texas.

The zecent habitat condition {1999-2000) at ail known P. ruthveni localities in
Texas and Louisiana is summarized in Table 2. A total of 118 localities were
evaluated and 53 (45%) of the focalities retain some habitat in excellent er good
condition. On public lands, 26 of 37 localities (70%) fall into the excellent or
good categories, and on privately ewned lands only 27 of 81 (33%) of the
tocalities retain some halniat in excellent or good eondition. The situation on.
private lands is changmg rapidiy. Of the 27 localities assessed as excelient or
good, 10, all in Bienville Parish, LA, are currently being altered due to changes. in
silvicultural practices, primarily throngh intensified management of short-rotation
pine plantations.

DISCUSSION

Pituophis ruthveni has always been considered rare (Stull 1940, Conant 1956).
Recent studies have expressed concern about the current staius of the species
(Young and Vandeventer 1938; Reichling 1990, 1995). The resulis of our
trapping surveys and our assessment of habitat condition ai all known P. rurhveni
locatities support the concemn that P. ruthveri may have declined in occurrence

and possibly in local abundance. Detailed leca;lity-informaii@n i5 not provided due



to the mtense collecting effort to supply the commercial pet trade, especially in
Louisiana.

Trap success was low at all sites where P. ruthveni is known to ocour. We
are, however, confident that our traps were effective in capturing snakes. Large
numbers of snakes were captured, including all of the larger species regularly
occurmiag n upland habitats in the region. Although our trap surveys were not
designed to provide estimates of population size, occasional recaptures suggest
that the currently existing populations are not large. How the cwrrent population
densities compare to those prior to extensive habitat alteration is unknown.

Currently £. ruthveni popuiations are known to exist, based on multiple
records since 1990, -in six general areas. In Texas, populations exist on the
southem portion of the Angelina National Forest in Angelina and Jasper Counties,
on the southern portion of the Sabine National Forest in Sabine County, and on
private land immediately south of the Sabine National Forest in Newton Couay.
In Louisiana, P. ruthveni pnpﬁlatiam currently exist on Fort Polk Military
Reservation and the adjacent unit of the Kisatchie National Forest in "‘n.feman
Parish, and on Peason Ridge Military Reservation il:;- Vernon and Nachitoches.
Parishes. Another population exists in an exiensive area on primarily private
tands, mostly indusitnal timber lands, 1n Eienviile and exﬁeme BOrthern

Machitoches Parighes.



Much of the remaining suitable habitat in Bienville Parish is currently
undergoing a major mcrease in the intensity of the silvicultural management of
pine plantations, and the future of this population is unclear. In Sabine and
Mewton Counties in Texas cwrently occupied habitai is hmited fo a few hundred
hectares. Cuoly three areas, Foﬁ Polk Military Reservation and the adjacent unit of
the Kisatchie Natioﬁal Forest, and Peason Ridge Military Reservation in
Louisiana and the southemn pertion of the Angelina National Forest in Texas have
eftensive areas of suitable, frequently burned iongleaf pine habitat remaining that
15 not crrently subject fo extensive change in management intensity.

Cur extensive trapping and coilecting at 17 additional sites since 1993 failed
to document the existence of other extant populations. Most of these sites are at
or near historical P. rurhvent localities. We suggest that the combined effecis of
habitat alteration and fragmentation have eliminated P. rurhrveni trom significant
portions of its historic range. However, the single individuals recorded from
Tvler and Montgomery Counties in Texas during the 19905 suggest that remnant
populations may still persist in these fragmented and degraded habitats. In
addition, substantial amounts of suitable habitat still exist on the Kisatchie
District of the Kisatchie Nationat Forest in southem Nachitach.f:s Parish,
Lowisiana. Historical records are known from the Kisatchie Disirict and our

trappiag in thas area did not, in retrospect, sample t_ha best remaining habitat. Thas
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area probabiy has the highest potential for finding additional extant populations of
P, ruthveni, and we recommend that surveys be conducted in fhis area.

Pifuaphis ruthveni is closely associated with longleaf pine growing on sandy,
well-drained soils {Conant 1956 Young and Vandeventer 1988, Reichling 1995,
Himes et al. 2003b). The opce extensive longleaf pine ecosystem of the
southeastern United States is one of the most threatened ecosystems in the United
States {Bridges and Orzell 1989, Frost, 1993, Conner et al. 2001). Less than 5%
of the original extent of the longleaf pine ecosystem survives, and much that
remains is extensively aliered by changes in fire regimes, silviculture, and land
use changes (Frost 1993). Pifuophis ruthveni is also closely associated with a
weil-developed herbaceous ground cover of grasses and forbs, and with Geomys
breviceps that are dependent on herbaceous vegetation (Rudolph and Burgdosf
1997, Rudoiph et al. 2002, Himes et al. 2003b). Pituophis ruthveni use pocket
gopher burtow systems for subsurface retreats, including hibernacula and escape
irom fire, and prey heavily on pocket gophers (Y oung and Wandeventer 1988,
Rudciph and Burgdorf 1997; Rudolph et al. 1998, 2002).

Most of the longleaf pine ecosystem that occurred on the West Gulf Coastal
Plain has been converted to other land uses including urbanization, agriculfure,
and intensive silviculiure. These land nses appear to be incompatibie with the

survival of P. ruthveni. The less intensive silvicultural practices of the past,
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specifically longer rotations and use of prescribed fire, were often compatible with
the existence of P. ruthveni populations. The substantial P. ruthveni population in
Bienvitle Parish, for éxamPle, existed primarily on industrial forest tand managed
using fairly long rotations and prescribed fire for control of competing vegetation.
However, the development and increasing implementation of more intengive
siivicultural practices is eliminating much of the remaining svitabie habitat on
private lands. These praciices include clear-cuiting, intensive mechanical site
~ preparation, planting of pine species other that longleaf, short rotations,
tertilization, and use of herbicides instead of prescribed fire for control of
competition. The substitution of herbicides for prescribed fire likely has an
important impact on F. ruthveni. Silvicultural managers use herbicides to control
herbaceous as well as woody vegetation, both of which compete with the pine
crep. The absence of fire allows the continuous buildup of a thick duff fayer
further suppressing the herbaceous layer. The ultimate resulf is a highly altered
forest with a minimal herbaceous componens, conditions apparently unsuitable for
packet gophers or £. ruthveni (Reichling 1995, Rudolph and Burgdorf 1997).

The known existing populations of P. ruthveni are concentrated on public
lands (national forests and military installations) and privaie lands managed fora
diversity of wildlife values. Compared to most private lands, managﬁ;:ment of

public lands tends to include less intensive site preparation, longer timber
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r.-:)’tatians, reiention of longleaf pine, and use of prescribed fire both for control of
competing vegetation and management of a fire-maintained ecosystem. However,
even on public lands, the current fire regime on most sites is insufficient to
matntain a sparse midstory and diverse herbaceous understory (Conner and
Rudolph 1989}, Cansequently, maost pine habitat has a well-developed hardwaoﬁ
midstory and only a .spa;rsa: herbaceous component due to competition from woody
species in the mid- and understory. Recent records of P. ruthveni are primarily
from the isolated patches of habifat where the influence of fire has been most
effective in well-developed herbaceous understory conditions.

The situation on most privaie lands is different. Indusirial forest fands and
significant portions of smailer private ownerships are hﬂénaiveiy managed for
fiber production. The practices used, especially the short rotations and
substitution of herbicides for prescnbed fire, preciude the existence of a well-
developed herbaceous community. These lands, based on recent records and
rapping surveys, do not suplgmrt viable pﬂpulatipns of B. ruthveni.

Populations of P. ruthveni are alse subject to impact by the increasing density
of roads and associated vehicular traffic, including off-road vehicles. Although
the absolute numbers were small, 25 % {3 of 12) of mortalities of radio-tracked P.
ruthveni were caused by vehicles (unpubl. data). Tn a&diﬁon, research conducted.

i association with surveys for P. ruthveni suggests that populations of large snake



species may be reduced by 30% within 500 m of roads with moderate traffic
levels (Rudolph et al. 15;99). Most existing P. ruihveni habitat is within 500 m of
currently existing roads.

Pfruﬂphisima‘hvenf is currently rare in the relict patches of fire-maintained pine
habntat that remain, primarily on public lands. These areas are reasonably well
dispersed throughout the historic range of the species. Iniervening habitats that
once supported populations of P. ruthveni are increasingly altered, primarily by
intensive silviculture, and the species is, or may soon be, extirpated. The existing
populations on national forests, mulitary installations, and private lands are
presuﬁabl}r small and increasingly fragmented due to habitat alteration. The long-
term, survival of these populations depends on sufficient management to reverse
the decline of the fire-maintained pine scosystem, primarily in the longleaf pine
habitass,

Most critical is the restoration of a preseribed firs regime sufficient to prevent
the encroachment of a dense hardwood midstery and recovery of a vigorous
herbaceous community. Economic considerations may preclude imprévcment an
private lands, with the limited exception of smaii areas specifically managed for
P. ruthveni and other species adapted to fire-maintained pine ecosystems.
However, numerous obstacles exist, es:peciall}? in implementing an adequate

prescribed fire regime. Managers need to resolve issues relating to Habiliiy,
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smoke management, air quality standards, and agency regulations io effectively
use f1v€ as a rpanagement tool to support viable populations of 2 ruthveni and
overail biodiversity in the long term. In addition, environmental groups have
obtained rulings in federal courts limiting the use of prescribed fire on National
Forests and Grasslands in Texas.

The potenhial for restoration: on public lands is considerably greater than on
private lands. Management of pational forest lands and military installations
within the range of £, ruthveni currently include prescribed fire as a management
tool. Increased use of prescribed fize is planned, driven primarily by the
management needs of Picoides borealis (Vieillot), the Red-cockaded
Woodpecker, a federally listed enﬁangereci species. Habitat management
appropriate for the Piceides borealis is also appropoate for P. ruthveni, and
numercus additional species adapted to fire-maintained pine ecosystems, many of
which are of comservation concem {Bridges and Qrzeli 1989, Conner &t al. 20601).

The current status of P. ruthveni is a result of habitat atteration due primarily

to widespread intensive silvicu}ture and alteration of the pre-Europear fire regime.

Extant pepulations appear to be extremety srﬁali, and inhabit limited patches of
suitable habitai that are highly fragmented and isolated. Without improved
mapagement of fire-maintained pine habitats; recovery and possibly survivai of 7.

ruthveni is unlikely.
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Table 1. Trap resulis for Louisiana pine snakes in Louisiana and Texas (1993-2001)

LOCATION  COUNTY/PARISH # TRAP # SNAKE MEAN NUMBER
DAYS CAPTURES  DAYS/CAPTURE

KeplerLake  Bienville Par, LA 3900 11 355
Area
Kiéatchie Nachitoches /'Wion 3664 3 1388
NE*, Winn Par, LA
District
Kisatchie NF, Nachitoches Par., 8375 [} -
Kisatchis LA
Dhsirict
Kizatchie WF, Vemon Par., LA 260 0 -
Vernon
District
Cravens Vemon Par, LA 2550 0 -
Hov Beauregard Par., 3675 0 -

LA
Singer Beauregard Par., 3675 ¢ -

LA
Dido Vemon Par., LA 135 0 -
Anacoco Vemon Par.,, LA 2252 ( -
Sakine NF, Sabine Co., TX 52526 6 871
Foxhunter’s |

il
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Sandylands

Preserve

Sabine NF, Newton Co., TX 2425 0 -
Stark Tract
Sahine NF, San Augustine Co, 1235 G -
San Augustine TX
Sandhills

“Sabine NF, San Avgustine Co., 2425 H -
Pineland X
Scrappm’ Newton Ca., TX 1260 3 420
Yalley, North
Serappir’ Newton Co., TX 2425 G -
Valtey, South
Little Rocky  Jasper Co,, TX 2208 G -
Angelina NF,  Angetina/Jasper 3618 3 1006
Southern Cos., TX
Portion
Angelina NF, Angelina Co.,, TX 0 0 -
western
Portion*#*
Nl Crook Wood Go, TX 0 ¢ :
Ranch
RovE Larsern Hardin Co., TX 9! G -




21

Brushy Creek  Trinity Co., TX { G -
GGus Engling  Anderson Co, TX - 0 ¢ -
WA #3 %
Tookawa Wacogdoches Co,, 0 ¢ -
TX
Total All 08.143 26 FI3eERS
Areas
* National Forest

** Four clbsel}f associated sites
++4yildlife Management Area

¥+3¥] acations with ) capiures deleted
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Tabie 2. Habitat quality assessments of historic Louisiana pine snake localities on public
and private lands in eastern Texas and eastern Louisiana. Entries are number of locatities

%) for all known records,

OWNERSHIP  EXCELLENT GOOD MARGINAL FOOR
Public 16 (43) 10 (275 3(8) 8 (22)
Private 14 {17) 13 (16) 16 (20) 38(47)

Total 30 (25) 23 (19) 19 (16) 46 (3%




Figure Legends

Figure 1. Louisiana pine snake records by county and parish, and localities of
trapping surveys conducted during this study. WNumbers indicaie total records of
Lowsiana pine Sﬁake:s, historical and this study, for each county or parish. Open
squares indicate approximate location of trapping localities where pine snakes
were not caphured; solid squares indicate approximate location of trapping

localities where smakes were captured or known 1o ocour simce 1990,

Figare 2. Approximate locanen (black) of extant populations of Louisiana pine
snakes (multiple records since 1990). Questionmarks indicate single records in

“areas lacking significant amountis of suitable habitat,
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CANDIDATE CONSERVATICN AGREEMENT

for the

Louisiana pine snake
Pituophis ruthveni

BETWEEN

U. 8. Fish and Wildlife Service
UJ.S. Forest Service
Fort Polk, U. S. Depariment of Defense
Texas Parks and Wildlife Department
Louisiana Department of Wildlife and Fisheries

September 2003

SUMMARY

This Candidate Conservation Agreement (CCA) is infended fo Identify and establish
management protaction for the Louisiana pine shake (Pifuophis rutfiveni), a candidaie for
Federal listing, on Nafional Forest lands in Texas and Louisiana, and on Fort Polk Military
Reservation in Louisiana. Longleaf and shortleaf-pine communities throughout the historic
range of the Louisiana pine snake have been dramatically reduced by changes in land use.
Remaining habitat has been degiraded by fire suppression; the predominant use of dormant
season fire; and the implementation of intensive, shor-rotation silviculture on non-federal
lands. A secondary threat may be mortality associated with vehicle feaffic. As a result,
poputations of the Louisiana pine snake appear {o have declined alarmingly, both in numbers
and in range.

PURPOSE OF THE CANDIDATE CONSERVATION AGREEMENT

This CCA has been initiated in order to conserve the Louisiana ping snake on Federal lands by
protecting known populations and habitat, reducing threats to its survival, maintaining its
acosystem, and restoring degraded habitat. This agreement is intended o establish a
framework for cooperation and participation in fhe Louisiana pine snake’s protection,
conservation, and management within the boundaries of certain lands in Texas and Louisiana.
While implementation of this CCA may not preclude the eventual need to list the Louisiana
pine snake, it addresses pressing needs of the species. it is through such cooperation in
implementing and refining conservation measures that cerfain candidates and species of
concern may be recovered without the necessity of listing. In furtherance of these efforts, this

bt Dhamans: Fae moerferathesotfnewe 4 mineenak e . A -ninesnake-arreament himi 72672005
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CCA is implemented by the LL.S. Fish and Wildlife Service (USFWS), 1.5, Forest Service’s
{JSF3) Southern Research Station (SRS), USFS National Forests in Texas, USFS Kisatchie
National Forest in Louisiana, Depariment of Defense’s Fori Polk Military Installation, Texas
Parks and Wildlife Department {TPWD), and Louisiana Department of Wildlife and Fisheries
{LDWVF), collectively referred to as the Cooperators.

Management commitments made through this agreement should benefit not only the Louisiana
pine snake, but also the Navasota ladies's-tresses (Spiranthes parksii), Texas trailing phlox
(Phiox mivalis var. texensis), and red-cockaded woodpecker (Picoides boreatis), all federally
listed as endangered. Plant and animal species of concern that should henefit include the
white firewheel {Gaillardia aesfivalis var. winkfers), stender gay-feather {Lialnus teuis}, scarlet
catchfly (Sifene subcifiata), Texas trillium (Trillfum pusilivm var. fexanum), Bachman's spamrow
{Aimophila aesfivalis}, Henslow's sparrow (Ammodramus henslowti), Rafinesque’s big-eared
hat (Corynorhinus rafinesguii), and the northern scarlet snake (Cemopfiora coceinea).
Additionally, other important species such as the eastern wild turkey (Meleagris galiopavo
sylvesiris), and northern bobwhite (Cofinus virginanus) will benefit. Management aclions are
anticipated to result in the restoration and protection of the longleaf pine ecosystem of east
Texas and western Lovistana, a habital that has experienced subsianiial decline, and
continues to disappear from the landscape of the southeasiern Uniled States.

. COOPERATORS AND IMMEDIATE POINTS OF CONTACT

A.U.5. Fish and Wildlife Service

East Texas Suboffice of the Ardington Ecological Services Field Office
701 North First Street

Lufkin, Texas 75901

Fish and Wifdlife Biologist Jeffrey A. Reid {936- 639~8545]

B. L1.S. Fish and Wildlife Service

Louisiana Ecological Services Field Office

646 Cajundome Blvd., Suite 400 v
Lafayette, LA 70508

Fish and Wildlife Biologist Troy Mallach (337-291-3123)

C. National Forests in Texas ..

701 North First Sireet

Lufkin, TX 75901

Forest Biologist Eddie Taylor (336-832-8565)

D. Kisatchie National Forest in Louisiana
2500 Shreveport Highway

Pineville, LA 71360-2009

Wildiife Biclogist Steve Shively (318-793-9427)

E. Fort Polk Military installation
AFZX-DPW-ENRMD

1823 23™M Streat, Building 2505
Fort Polk, LA 71459-5509

toitere Hemiramur Farrm vrerfnarthanctfnouse FHOA minaonabal A _ninacnola_aaraamens himl TEGRSN05



Page 3 of 20

Stephanie Stephens (337-531-7G78)

F. Texas Parks and Wildlife Department

P.O. Box 7600, SFA Station

Nacogdaches, TX 75852

Wildlife Diversity Biologist Ricky Maxey (936-564-0234)

G. Louisiana Department of Wildlife and Fisherles Heritage Program
P.O. Box 88000

Baton Rouge, LA 70898-9000

Gary Lester (225-765-2820)

H. U.S. Forest Service, Southern Research Station
P.G. Box 7600, SFA Station

MNacogdoches, TX 75962

Research Scientist Craig Rudolph (836-569-7981)

1. AUTHORITY

The authority for the respective parties to enter into this voluntary CCA derives from
the Endangered Species Act (ESA) of 1973, as amended (18 U.5.C. 1531-1544);
the Fish and Wildlife Act of 1856, as amended [16 U.S.C. 742(a)-754]; and the Fish
and Wildlife Coordination Act, as amended [16 U.5.C. 661-667(e}}. In 1873, the
ESA was enacted with the purpose of conserving threatened and endangered
species and preveniing their exiinction. All federal agencies were called upen io
utilize their authorities in furtherance of the purposes of the ESA by carying ouf
conservaiion programs for these species. :

The USFWS is a Federal land-management and regulatory agency responsible for
implementation of the ESA and coordination with Federal and State agencies in
their efforts to prevent the extincfion of species and loss of their habitats. The
USFWS is responsible for monitoring candidates and species of concern, and
facilitating conservation programs through inter-agency agreements. These CCA
are intended to direct specific conservation efforis to species of concern, to outline
management practices that will prevent further decline of their habitat, and fo
ensure regular, peniodic review of their status.

The USFS is a land management agency responsible for 182 million acres of
national forests and grasstands within 44 sfates. This area serves as habitat for
many native ptant and animal species, including rare and endangerad species. As
a result, ihe USFS has implemented a national policy to specifically manage much
of this area for the benefiit of sensitive plant and animal species in order to prevent
their need for federal listing (USFS Manual 2670).

On January 25, 1994, the USFWS and several other agencies entered into a
Memarandum of Understanding {MOU}, initiated by the USFS, in order to facilitate
the conservation of candidate and other sensitive species. The purpose of the MOU
was o establish a framework for cooperation in the conservation of species that are
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tending toward federal listing as threatened or endangered. The MOU calls for the
development of Conservation Agreements that are intended o address site-specific
and species-specific threats. This Conservation Agreement, dealing with a species
that lies within USFS boundaries in east Texas and western Louisiana, is
developed under authority of the 1994 MO, Furthermare, the 1998 Revised Land
and Resource Managemeni Plan for the National Forests and Grasslands in Texas,
and the 1839 Revised Land and Resource Management Plan for the Kisatchie
Mational Foresi, include the following goals: manage for the long-term sustainability
of diverse ecolcgical systems; manage for ecosystems which are unigue and
recognized as declining within Louistana and Texas; and enhance threatened,
endangered, and sensitive species through restoration of the processes and
habitats these poputations require.

. SPECIES INVOLVED

The species addressed by this CCA is the Louisiana pine snake, a non-venomous
consfrictor of the Colubridae family. Farmerly described as a pine snake
subspecies (Piluophis mefanoleucus ruthveni) based on iwo specimens taken in
Leouistana (Siull 1929), its 1axonomic status has been reassessed and determined
to be a valid evolutionary species, both geographically isolated and genetficaily
distinct (Reichling 1995). The Louisiana pine snake has subsequenily been
accepted as a full species {Collins 1897).

The Louisiana pine snake is a large snake, usuatly 120 t6150 cm (4 to § feet} long
{Tennant 1998; Young and Vandevanter 1988}. The largest reported specimen was
178 cm (5.8 feet) long {Conant and Collins 1991, Davis 1971). A recent study by
Himes ef al. (2002) suggesis that ene-year-old and two-year-old snakes reach 80
10100 ¢m {2 to 3 feet) and 100 to 120 cm {3 to 4 feet) in tofal length, respectively.
Juvenile females increased in mean total length by 15.1% during the 8 to 13-month
period of siudy. The species alsoe exhibited allomsiric growth i iength to mass
fatio, indicating an opiimurn body shape for aduits. Although more robust snakes
gained mass more rapidly throughout the period of study, their largest snake {(157.1
cm [5.2 feet]) experienced the greatest reduction in mass (from 996.9 fo 606.4
grams) and died during the study. ’

Sexual maturity may be attained ai a minimal toial lengib of 120 cm {4 feet} and an
age of at least three years (Himes ef al 2002). A female is known to have
oviposited al a total length of 154 cm (5.1 feet) {Reichling 1980). The species is
aviparous, with a gestation period of about 21days (Reichling 1988), followed by 60
days of incubation. This species exhibits a remarkably low reproductive rate, with
the smallest clutch size (3 to 5) of any North American colubrid snake and the
largest eggs of any U.S5. snake (Reichling 19580), generally 12 cm ¢5 in.) long and 5
cm {2 in.) wide. It also produces the largest hatchlings repored {or any North
American snake, ranging 45 to 55 o (16 to 22 in.) in length, and up to 107 arams
in weight. This low fecundity magnifies other thseats to the Louisiana pine snake;
species with such low reproductive raies are typically incapable of gquickly
recovering from events that affect population size, increasing their poteniial for local
extirpations.

-~ . . L8 P ] oL - ] o ] L Wl T Yo
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Pockel gophers appear te be the primary food source of Louisiana pine snakes
{Rudolph et al. 2002), although other reporied focd items include other rodenis,
cottoniails, amphibians, and ground-nesting birds and eggs (Dundee and Rossman

1889; Tennant 19838}, In caplivity, they refused day-old chicks but fed readily on
small rats (Reichling 1958).

Louisiana pine snakes appeared to be most active March-May and fall (especially
November) and least active December-February and summer {especially August)
{Himes 1998}. Even during the active season, Louisiana pine snakes spend the
rmajority of their time below-ground in mammal burrows, specifically pocket gopher
burrow sysiems (Ealy 1988; Himes 1998; Rudolph ef a. 1898). Although diurnal,
snakes remained underground and inactive {short-range movemenis of only 3t¢ 8
m) nearly 0% of their day. Above-ground Louisiana snakes usually moved
underground at feast once during the day, possibly for foraging, body cooling, or
predator avoidance. Louistana pine snakes were most aclive between 1000 to1806
hours, especially late-morning and mid-afternoon (Ealy 1998, Himes 1898). Snakes
generally emerged from below-ground burrows before noon, except in October
when they did not appear untii 1400 101800 hours {Ealy 1988}. Hibernation sites
were aiways within pocket gopher burrow systems.

During May-October, body temperatures of seven undesground snakes ranged 15
to 33 degrees C, while active snakes above-ground ranged 20 to 38.7 degrees C.

Above-ground snakes tended to move to underground burrows or to above-ground
shade as their body temperatures approached 34 degrees C (Ealy 1998).

The annual home range of Louisiana pine shakes varied & to 78 hectares (ha) (12
to195 acres) in size, and averaged 27.7 ha {69 ac) (Rudolph and Burgdorf 1997).
Rimes (1998) found that adult males had larger home ranges (58 ha {145 ac]) than
females {14 ha 25 ac]} and juveniles (5 ha [12 ac]). Ealy (1993} reported that
Louisiara pine snakes in east Texas usually moved less than 1G m (33 feet) daily.
However, when snakes did move longer distances, usually from one pocket gopher
burrow system t¢ a new one, the average daily distance moved was 163 m {538
feet): 204 m (673 feet) for females and 173 m {571 feet) for males (Ealy 1998).
Adult males in Louigsiana moved an 'average of 150 m {485 feet) daily, aduli females
105 m {346 feet), and juveniles 34 m (112 feet) (Himes 1998}, Males tended to '
make moves of moare than 150 m {485 feet} in May-July, while females moved long
distances primarily in July-September (Ealy 1998). Movement frequency (moving
rmore than 10miday) of individual pine snakes ranged 14 to 86% and averaged 46%
of sample days. There was no indication of seasonal migration.

V. HABITAT OF THE LOUISIANA PINE SNAKE

The Louisiana pine snake is generally associated with sandy, well-drained soils;
open pine forests, especially longleaf pine savannah; moderate o sparse midsiory;
and a well-developed herbaceous understory dominated by grasses. lis activily
appears to be heavily concenfrated on low, broad ridges overlain with sandy soils
{Rudclph and Burgdorf 1297).
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Using radiotelemetry, Himes (1998) studied the habitat preferences of 9 native
adults and one juvenile Louisiana pine snake in Louisiana’s Bienville Parish, along
with one aduft and 7 juvenile capfive-bred snakes released info the area, during
1895 to 1997, Native Louisiana pine snakes were recorded most frequently in pine
forests (56%), followed by pine plantation (23%) and clear-cuts {9%). They were
found minimally, or not at all, in grassfands, pine-hardwood, hardwood, and
hardwood-pine sites. The captive-released snakes were found more frequently In
pine planiations (38%) and pine forests {28%), followed by minimal use in other
habitat types {Himes 1998).

Baird’s pocket gophers {Geomys breviceps) appear to be an essential component
of Louisiana pine snake habitat. They create the burrow systems in which
Louisiana pine snakes are most frequently found, and serve as a major source of
food for the species (Rudelph and Burgdor 1997, Rudolph and Connes 1996;
Rudolph ef al. 1988h; Rudolph &f al. 2062}, Up to 90% of radio-tagged snake
relocations have been underground in pocket gopher burrow systems, and
movement patierns ate fypically from one pocket gopher burrow system to another.
In Louisiana, habitat selection by Louisiana pine snakes seemed to be determined
by the abundance and distribution of pocket gophers and their burrow systems
(Himes 1998). Alithough aclive snakes did utilize debris and logs as tempoerary
shelters, they were most often found adjacent to pocket gopher buriows. Snakas
disturbed on the surface retreated toc nearby burrows, and hibernation sites were
always within burrows. Both native and captive-released snakes were found most
fraquently in areas confaining an ample number of pocket gopher mounds (Himes
1998), and snakes stayed active longer and moved greater distances whereg pocket
gopher burrows were abundant {Ealy 1998).

Packet gopher abundance is dependent upon an abundance of herbaceous
ground-cover and loose, sandy soils. The amount of herbaceous vegetation is
related fo canopy cover. Generally, a rich ground layer requires a high degree of
solar penetration onte the forest floor. Himes (1993} found that pocket gopher
abundance was associated with a low density of trees and an open canopy, which
allowed greater sunlight, mare understory growth, and better forage for pocket
gophers. Pocket gopher mounds were commaonly found in pine forests and open
pine plantations. However, they wers not commonly found in clear-cuts and ofher
{crest types. ’

V. STATUS AND DISTRIBUTION OF THE LOUISIANA PINE SNAKE

The Louisiana pine snake hisiorically occurred in portions of northwest Louisiana
and central-east Texas, its range roughly coinciding with a disjunct portion of the
longleaf ping ecosystem situated west of the Mississippi River. A total of 61
histarical records confirmed an original range of 7 Louisiana parishes and 12 Texas
counties (Jennings and Fritts 1983). Analysis conducied by the USFS GRS
expanded the historic range to 9 parishes and 14 counties. However, enly three
Texas records were posi-1980, and all post-1980 Louisiana records involved anly
one parish. '
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Records collected in Texas since 1893 by the USFS SRS have confirmed the
presence of the Louisiana pine snake in Angelina, Jasper, Newion, Sabine, and
Tyler counties, generally the scuthern porion of Sabine National Forest (NF)
{Sabine County); and the southern portion of Angelina NF (Angelina, Jasper, ang
Tyler counties} (Rudolph ef af. 1899). However, neatly all recent records are from
two separate areas, each measuwring less than ¥ k(4 miles) in radius, within a
larger area approximaiely 70x20 km {42x12 miles) in extent. A third population
occurs in Scrappin’ Valley, land managed by Temple-inland Forest Products
Corporation in nerthern Newton County.

Louisiana records since 1983 document the presence of Louisiana pine snakes in
at least 4 parishes: Bienville, Vernon, Sabine, and Natchitoches. The majority (12}
of these records have been from Bienviille Parish on forestland owned by
Infernational Paper (Rudolph et af 1998). Federal fands in Vernon Parish,
managed by USFS and used by the U. S. Anmy {or military fraining, also provide
habiiat. Seven pine shakes have been found in south Vernon Parish on Fort Polk
and USFS's Vernon Unit. Fort Polk is currently funding a study o determine pine
snake distribution and habitat on is lands. Three more snakes, and possible
svidence of a third population asea, have been found near the juncture of Vernon,
Sabine and Natchitoches parishes on Peason Ridge and the Kisatchie Ranger
District.

Maost of the recent pine snake records are based on capiures (19) made during
extensive trapping (20,008 trap-days) by the USFS SRS for radio-telemetry studies
{Rudalph and Burgdorf 1887, Rudolph ef af. 1999). Louisiana pine snakes have not
been documented in over a decade in some of the best remaining habitat within the
historical range, suggesiing that the Specles is no longer present, or has become
extremely rare in these areas.

Surveys documenting the current condition of fire climax longleaf pine forests, and
the resulis of pine snake radic telemetiy, suggest that extensive population
declines and local extirpations of the Louisiana pine snake have occurred during
the tast 50 to 80 years. Rudalph (2000} conducted a habiiat assessment of all
known historical localities of the Louisiana pine snake and categorized each
locatien as excellent, good, marginal or poor based on habitat characteristics of
occupied sites. Of the 77 sites assessed, only 34% {28) were considered capable
of supporiing a viable population of pine snakes.

Although once considered fairly common, the Louisiana pine snake is now
recognized as one of the rarest snakes in North Amarica, and one of the rarest
vertebrate species in the United States (Young and Vandeventer 1988). As a
candidaie, the Louisiana pine snake receives no formal Federal protection under
the Endangered Species Act. It is State listed as threatened in Texas and protecied
from direct harm and unauthorized collection. li is classified as imperiled fo
vulnerable in Louisiana.

VI. PROBLEMS FACING THE LOUISIANA PINE SNAKE
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Possible threats to the Louisiana pine snake may include direct human predation
and collection for the pet irade. Urban development, conversion to agriculiure,
intensive short-rotation silvicultural practices, road construction, and mining have all
contributed to less and fragmentation of Louisiana pine snake habiiat. Remaining
habitat occurs in isolated blocks and is often degraded by fire suppression. The
primary threats to the pine snake confinue to be habitat loss and alteration of the
fire regime, apparenily restricting the pine snake to only portions of its previous
range (Rudolph and Burgdorf 1997}. In addition, vehicle morizality may be
increasing in importance.

HABITAT LOSS ANDI FRAGMENTATION

Virtually all rermaining timber in the South was cut during intensive commercial
lagging from 1870 fo 1920, followed by conversion to pine plantations (Frosi 1993%.
In 1935, possibly only 1.2 million ha {3 million ac} of longleaf pine forests remained
in Louisiara and Texas, and cniy 3% of this existed as uncut, mature pine stands.
Published data from the 1880's indicaied that only 15% in Louisiana and 7% in
Texas of the 1935 levels of natural longleaf-pine forest stil remained (Bridges and
Orzell 1283).

The majarity of historic longleaf and shortleaf pine savannah forests have been
replaced with dense plantations of fast growing loblolly and slash pine. Stash pine
is nhot native to this area, and loblolly was historically restricted to downslope areas
with moist soils, or on higher areas along riparian terraces and boltornlands.

Commercial pine plantafions (non-Federal land) are typically grown in very dense,
closed canopy stands that are harvested on very short rotations of less than 40
years. These forests have sparse and poorly structured understory plant
communities, an early successional trait thaf is present at the time of harvest and
throughout the rotation, rendering them generally unsuitable for pocket gophers.

Most of the recent pine snake records in Louisiana have occurred on industrial
forest land owned by International Paper in Bienville Parish, indicating that this site
may currenily support the densest known pine snake population. However, fimber
stands here are now being harvesied, altering current habitat conditions with
unknown rasults to the ping snake. The cofporation is replanding the sife o reduce
impacts, but the potential for success has not be determined.

FIRE SUPPRESSION

The suppression of natural fire events from the upland landscape may
represent the greaiest threat to the Louisiana pine snake in recent
years, decreasing both the quantity and qualily of habitat available for
pine snakes {Rudclph and Burgdorf 1997). The longleaf pine savannah
forest occupied by the pine snake had evolved as a fire climax
community, adapted to the occurrence of frequent, but low-intensity,
ground fires. These natural fire events on sandy, well drained soils
typically mainiained an overstory dominated by longleaf pine, with
minimal midstory cover but a welt developed understory of nalive bunch
grasses and herbaceous plants. These "park-like" forests supported
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ideal habitat for packet gophers and, subsequently, Louisiana pine
snakes.

In the absence of frequent and effective fires, these upland pine
savannah ecosystems rapidly develop a mid-story of hardwoods and
oif-site species {that would have normally occurred on more moist,
downslope soils} which suppresses or eliminates any herbacecus
understory. Since the presence of pocket gophers is directly related to
the extent of herbaceous vegetation available fo them, their population
numbers and distribuiion declines as such vegetation declines.

Ealy (1998) studied the activity of seven {7) pine snakes at two sites in
sast Texas, one which received prescribed burs, and one which did
not. The frequently bured area maintained a rich herbacecus
groundcover that supported more pocket gophers, allowing snakes in
this area to make use of both pocket gopher burrows and rotten
stumpsfioot systems that had burned out. As a resulf, snakes af this site
were able fo stay active longer and move greater distances than snakes
af the unburned site. No pine snakes have been captured in areas
subsiantially degraded by fire suppression (Rudolph and Burgdorf
1897).

These problems are further compounded by a current trend to replace
prescribed burning with applications of herbicides to reduce vegetative
competition. However, this practice also eliminates herbaceous growih.
Further research on the long-term implications of this practice,
particularly impacts on understory pfant communifies, is necessary.

The largest and densest existing population of Louisiana pine snakes
occurs on industrial forestland owned by International Paper in
Louisiana’s Bienville Parish, where burning has historically been used to
reduce and manage undergrowth. Sawiimber stands are now being
harvested from this site, but the corperation is designing management
actions for the pine snake that include prescribed busning.

Observations by Rudelph ef al. (1898h) suggest that Louisiana pine
snakes are adapted to the periodic occurrence of firg. Nine Louisiana
pine snakes residing in areas subjected to prescribed bumns during 1894
(01297 all survived with no apparent damage. Three shakes observed
during the fires 2ll moved into pocket gopher buirows as flames neared.
Active (above-ground) snakes are usually found within a few meters of
pocket gopher burrows, and can quickly retreat underground as a fire
approaches. Louisiana pine snakes above ground but away from known
burrows could be at greater risk (Rudolph et.al. 1998b).

VEHICLE MORTALITY
Louisiana pine snakes are also impactad by vehicle-caused mortality, both on state

roads and on off road trails by off road vehicles, but the full extent of the impact is
still unknown. The USFS SRS documented the loss of 3 snakes (25%) from its
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radio telemeiry study to vehicle traffic, inciuding off road vehicles {Rudolph ef af.
1898). Further research by the USFS SRS indicales that roads with moderate o
high traffic levels can reduce adjacent populations of large snakes by 50 1075%.
ioreover, measurable impacts {o population numbers and community siructure
may exiend up to 850 meters (2,805 feel) away from road corridors (Rudolph ef af.
1899}, Rudolph et &f. {1998a} found that distribution of imber raitlesnakes
{Crotalus horridus) was significanily asscciated with low road density. Populations
in east Texas may be resfricted to riparian habitats due e a greater road density
and mortzlity in the adjacent uplands.

Fort Polk is currenily funding a study of the Louisiana pine snake on its reservation
lands and on USFS’s Vernan Unit to ideniify possible impacts from roads on
Federal lands. Although initial results have found no evidence of road morntality for
the Louisiana pine snake {C. Rudolph pers. comm., 2003}, this may be a function of
baoth low capture rates {and possibly few pine snakes) and low traffic volume in the
study area. Additional research 1s necessary, bui other data suggest that motorized
vehicles on certain roads and trails have the potential to impact Louisiana pine
snake abundance and community struciure,

Known conflicts between Louisiana pine snakes and motorized vehicles currently
exist in the Longleaf Ridge Area of south Angelina NF. Compartments with the
greatesi patential for pine snake loss include 74 thru 77, 79 thru 92, and south
porfions of 73 and 78. Motorized vehicles have eliminated a large part of the
Milistead Branch bog community and the Catahoula Barrens community in
Compariment 84. The southern portion of the Upland Wilderness Area may also
provide important habitat. in Sabine NF, pine snake habitat is ai similar risk of
vehicle conflict in Comparments 139 (Foxhunter's Hill}, 141 and 142 (Stark Tract}.

VI. CONSERVATION ACTIONS TO BE CARRIED OUT

All Cooperators agree io suppori educational programs involving the Louisiana pine
snake. All Cooperatars will seek funding {or carrying out the Conservation Actions
identified below, and will collaboraie on cost-sharing opporiunifies as they become
available. It is upderstoed that all funding commitments made pursuant to this CCA are
subject to budget authorizations and approval by the appropriate agency. Cooperators
will plan {o meet on an annual basis to evaluate the activities identified below and
determine their effectiveness-in conserving the Louisiana pine snake.

For all parties, the areas discussed herein will be treated as special management areas
for the pine snake, and protected as such to the maximum extent possible. Adverse
impacts to the species will be avoided, and beneficial management aclivities will be
continued or implemented. In consideration of the premises of this document, the
respective responsibilities and provisions of each party are as follows:

A. U.3. Fish and Wildlife Service agrees to the following conditions for the
designated period of time:

1. Continue to record and-report the status of the Louisiana pine snake, as requised
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by Congress and current palicy,

2. Review and commeni on any management plans, proposed sirategies, reports,
and other documents that may impact the Louisiana pine snake.

3. Work with cooperators on ways fo reduce adverse impacts associated with any
proposed project or activity that could adversely affect the Louisiana pine snake or
habitat areas coverad by this CCA.

4. Seek funding to suppori Louisiana gine snake research and habitat restoration
and management.

B. The National Forests in Texas agree to the following conditions for the
designated period of time:

1. Compariments 73 thru 81 and 84 thiru 92 of the Angelina National Forest, and
Compartments 90 thju 92, 114 thru 124 (Moore Plantation), 126 thru 129, 132, 135,
and 139 (Foxhunters Hill), and 140-142 (Stark Tract) of Sabine National Forest, are
specifically identified for the following conservation measures. Within these areas,
management actions such as prescribed burning, thinning, and longleaf pine
restoradion will be pricritized to maintain or establish herbaceous-dominated
vegetative understory conditions on appropriate sites. Upland Island Wilderness
area actions are limited to prescribed buming only.

a. Conduct an aggressive prescribed burning program that is specifically
designed to reduce or eliminate existing shyub encroachment, restore
herbaceous dominated conditions, and prevent future woody shrub
encroachment, within existing and potential longleaf pine woodlands.

b. Target burning for eplimum, or potentially opfimum, longleaf pine habitat
.areas, and ensure that prescribed burns in the Longleaf Ridge area receive
pricrity.

c. Ensure that burns are carried out during the most effective season and on
a periodic and regular basis, preferably every 2 to 3 years in longleaf pine
habitat, in order to ensure sufficient and timely restoration of herbaceous
communifies.

d. Initiate detailed monitoring to measure the success of burns at reducing
understory and restoring herbaceous conditions. Medify burn program, if
needed, as new information on fire management is developed.

2. Within historical longleaf pine habitat, where practicable, continue aggressive
thinning and early conversion of existing slash pine and loblolly pine stands to
longleai pine forest. Retain all residual longleaf pines within these stands.

3. Inventory and evaluate off road vehicle use and trails within sengitive pine snake
habitat {o determine if and where motorized vehicular use is adversealy affecting
pine snake populations. Take appropriate management action {including closure),
in order o minimize damage o resources and ensure their integrity and
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sustainability.

a. Maintain existing area closures south of Hwy. 63 {current closure order
expires 12/15/04} to motorized off road vehicles within sensitive pine snake
habifat. Close roads to public vehicle use south of Hwy. 63 to the extent
reasonably possible, from February through October, unless the road is
required for adminisirative use, access to private land, school bus route, or
permiited special use.

b. Roads in Compartmenis 73 thru 81 and 84 ihris 92 of the Angelina NF, and
in Compartments 138 thru 142 of the Sahine NF, including FDR 113 and FDR
198, will be considered for closure.

4. Continue to support research involving trapping and other techniques to better
determine the population numbers, range, habitat, behavior, and specific
management requirements of the pine snake.

5. Support research, as funding and personne! are avaiiable, to establish and
maintain herpetofaunal monitering stations throughout longleaf pine woodland
habitat to document the seasonal presencefabsence of terrestrial repiiles and
amphibians in the forest.

6. As funding and personnel are available, support studies to determine pocket
gopher dynamics within USFS boundaries, including population numbers,
disfributicn, suitable habitai, and the efiecis of fire.

7. Develop an information and education program that encourages forest users to
tefrain from harassing or harming snakes.

8. Provide for review to the Cooperators any management plans ar other
doecuments that may affect pine snake recovery.

8. Seek funding and staffing necessary to carry out the above management actions
through all avaitable channels.

10. Participate in an annual Louisiana pine snake meeting fo discuss the resulis of
implementing this CCA.

C. Kisatchie National Forest agrees to the following conditions for the designated

period of time: KN- [~ hen M_p.r{)f

1. Continue a prescribed burping program that is specifically designed 1o reduce or
eliminate existing shrub encroachment, restore herbaceous-dominated conditions,
and preveni future woody shrubr encroachment within the existing and potential
longleaf-pine ecosystem.

a. Target burning for the best longleaf pine and restorable longleaf pine
habitats. (-3 o AT LN
fok W.q_i{rf

b. Visually ensure that the burning program enhances maintenance or
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restoration of herbaceous communities.

2. Continue thinning and conversion of existing stash pine, loblolly, and shorileaf

pine stands to longleaf pine habitat on suitable sites, consistent with the Kisatchie
NF Ferest Plan.

3. Determine ¥f and where moforized vehicular use is adversely affecting pine
snake populations, and take approprigte management acfion io reduce these
threais. E-'D‘.sl.h_{w.--tj T 55c M_;/ 576 WA %

4. Cooperate with studies involving trapping and other techniques to befter
determine the population numbers, range, habitat, behavior, and specific
management requirements of the pine snake.

5. Provide for review {o the Cooperators any manageiment pfans of other
documents that may affect pine snake recovery..

&. Develop an information and education program that encourages forest users to
refrain from harassing or harming snakss.

7. Support Louisiana pine snake studies, as funding and personnel are available, io
determine pocket gopher dynamics within USFS boundaries, including population
numbers, distribution, suitable habitai, and the effects of fire.

‘8. Participate in an annual Louisiana pine snake meeting to discuss the resuits of
implementing this CCA,

D. The U.S. Forest Service’'s Southern Research Station, agrees to the
following conditions for the designated period of time:

§ 1. Coniinue, as funding permits, surveys for the Louisiana pine shake throughoui its
QIJ{’ mistoric range to better determine its current status and diskibution. gqlc;/?a?z Trepa
2. Caonfinue, as funding permiis, to assess the impacts of vehicular traffic on snake
;!UJ\'H:. populafions.

3. Consult with cooperators.on the stafus and managementi of Louisiana pine
snakes.

E. The Fort Polk Military Installation agrees to the following conditions for their
lands for the designated period of time:

1. Within guidance of the Fort Polk Management Plan and the Integrated Natural
Resources Management Plan, coniinug a prescribed burning program that is
specifically designed to reduce or eliminate existing shrub encroachment, resicre
herbaceous dominated ground cover condifions, and prevent future woady shrub
encroachment within longleaf pine woodlands.

a. Target burning for the best longleaf pine and restorable longleaf pine
habitats.
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b. Initiate monitoring to measure the success of burns at reducing
understory and restoring herbaceous conditions. Madify buen program, if
needed, as new infermation on fire management is developed.

2. Continue thinning and early conversion of existing slash pine and loblolly pine
stands fo longleaf pire wocdiand habitat on suitable sites, where practical.

3. Centinue to educate soldiers and civilians on Fort Polk about the Louisiana pine
snake.

a. Provide information on the Louistana pine snake at the 40-hour
Enviranmenial Compliance Officer’s Course.

b. Continue distribution of flyers with photos of the Louisiana ping snake
and information ¢on its habiiat and status.

4. Cooperate with research involving frapping and other technigues o
better determine population numbers, range, habitat, behavior, and
specific managemeint requirements of the Louisiana pine snake.

5. Cooperate in establishing and maintaining herpeiofaunal monitoring
stations throughoui longleaf pine woodland habitat o document the
seasonal presencefabsence of terresirial reptiles and amphibians.

6. Provide for review o the Cooperators any managemeni plans or
other documents that may affect Louisiana pine snake recovery.

F. Texas Parks and Wildlife Department agrees to the fellowing conditions for
the designated period of time:

1. Review and comment on plans or proposed strategies that may impact the
pine snake within Texas.

2. Wark with other cooperators on proposed projects or activities within Tex?s
that could adversely aﬂect the pme snake L Foowl v
. 3. Work cooperatively to support spectf e pI‘GjEEtE that will create or maintain

" suitable habitat for the Louisiana pine snake.

4. Work cocperatively fo support projects that will educate the public
concerning the plight of the Louisiana pine snake and the management
requirements that will produce suitable habitat. -

5. Work with private landowners whe may have or could create sultable
habitat for Louisiana pine snakes, using incentive programs such as the
Landowner Incentive Program, subject fo the availability of funds.

G. Louisiana Department of Wildlife and Fisheries agrees to the following
conditions for the designated period of time:
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1. As time and staff allows, review and comment on plans or proposed strategies
that may impact the pine snake within Louisiana.

2. Work with other cooperators on any proposed project or activity within Louisiana
that could adversely affect the pine snake.

3. Werk cooperatively to support specific projects that will create or maintain
suitable habitai for the Louisiana pine snake.

4. Work cooperatively with cooperators whenever possible ta support projects that
will educate the public concerning the plight of the Louisiana pine snake and the
managemeni reguirements that will produce suitable habitat.

5. Work with private landowners who may have or could create suifabte habitat for

pine snakes, using incentive programs such as the Landowner Incentive Program,
&s funding is available.

VIll. ADAPTIVE MANAGEMENT

This CCA is conceptually based on adaptive managerneni principles. All Cooperators
agree and recognize that implementation of the conservation actions included in this
CCA will be considered experimental, consisient with the concepis of adaptive
managemeni. The experimental approach to habitat manipulations and desired jorest
conditions will provide managers with the most effective and efiicient mathod to restore,
enhance, maintain andfor create Lovisiana pine snake habitat through the adapiive
managemeni process. The effectiveness of ali conservation measures and monitoring
methods will be reviewed by the Cooperators at an annual meeting. Based upon such
evaluation, appropriate modifications to the management scheme will be incorporated, fo
the best ability of the Cooperator, to further enhance the goals of this CCA.

IX. DURATION OF AGREEMENT

A. The duration of this CCA is five (5) years following the date of the fast signature below,
and will aviomatically be extended for ancther five-year ierm, unless terminated within 90
days before the date of renawal by writtes notice from any party.

B. The parties invoived wilt annually review the CCA and its effectiveness to determine
whether fevision is necessary. During the last month in which it is valid, the CCA musi be
reviewed and either modified, renewed, or terminated. lf some portion of this CCA cannot
continue io be cariied out o7 if cancellation is desired, the party requesiing such aciion
will notify the parties within one month of the changed circumstances.

C. No abligation shall be in effect after expiration of this CCA, with the exception of
normal provisions of the Endangered Species Act, although this CCA will be considered
for renewal. If it becomes known that there are threats to the survival of the subject
species that cannct be resolved through this and other Conservation Agreements, the
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species will be retained in candidate status and considered for listing.

X. DUPLICATE ORIGINALS

This Agreement may be executed in any number of duplicate originals. A complete
original of this Agreement shall be maintained in the official records of each of the

Parties hereto.

Xl. SIGNATURES

The parties idenfified herein have caused this Louisiana Pine Snake Candidate
Conservation Agreement to be executed as of the date of the fast signatures shown

on the following pages;

Mational Forests in Texas
Kisatchie National Forest
Southern Research Station
Fort Pelk Military Installation

U.S. Fish and Wildlife Service, Region 2

1.5, Fish and Wildlife Service, Region 4
Texas Parks and Wildlife Depariment
Louisiana Department of Wildlife and Fisheries

CANDIDATE CONSERVATION AGREEMENT
for the

Lauisiana pine snake
Privophis ruthven

Mational Forests in Texas

Date

CANDIDATE CONSERVATION AGREEMENT
for the

Louisiana pine shake
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Kisatchie National Forest

Date

CANDIDATE CONSERVATION AGREEMENT

far the

Louisiana pine snake
Piuophis ruthveni

Southem Research Station

Cate

CANDIDATE CONSERVATIONM AGREEMENT
for the

Louisiana pine snake
Fituophis ruthveni

Fort Polk Military Installation

Date

CANDIDATE CONSERVATION AGREEMENT
for the

Louisiana pine snake
Fituophis rnuthvens
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U.S5. Fish and Wildlife Service, Region 2

Date

CANDIDATE CONSERVATION AGREEMENT
for the

Louisiana pine snake
Fituophis ruthveni

U.S. Fish and Wildlife Service, Region 4

Date

CANDIDATE CONSERVATION AGREEMENT
for the

Louisiana pine snake
Fituophis ruthveni

Texas Parks and Wildlife Departmsant

Cate

CANDNDATE CONSERVATION AGREEMENT
for the

Louisiana pine snake
Fituophis ruthveni
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Louisiana Depariment of Wildlife and Fisheries ' Date
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TIMBER RATTLESNAKES AND LOUISIANA PINE SNAKES
OF THE WEST GULE COASTAL PLAIN:
HYPOTHESES OF DECLINE

. Craig Rudolph and Shirley J. Bargdorf
. Wildlife Habitar and Silviculture Laboratory
.rMammmm’ in cogperation with the Colfege af Forestry, SFAS)
Southern Research Station, USDA Forest Service
Nacogdaches, Tevas 75962

_Ahstract, —Timber ratticsnakes {Crorafus horridus) and Louisiana pine snakes (Pitnophds
metanolencus Fediegady ars large-bodied snakes occurving on the West Gulf Coastal Flain,
Both species arve thought te be declining due o increasing habitat alieration.  Timber
raitiespakes ocourin closed canapy hardwood and pine-hardwood forests, and Louisiana pine
snakes in pine foeests on sandy, well drained solls. While vadous facters are probably
imvolved in population declines, this study cxamined onz factor for each species that may
fiave. widespread consequences for population viability. Results abtained in this stody

- support the premize that timber ratlesnakes are vulnerable o mortality associated with roads
 and vehicutar traffic. Data and discussion are presented suggesting that populations are

negatively impacted in areas of eastern Texas having x high road deasity. Converselyy
Louisiana pine saakes appear to be affected by changes in the fire regime which has altered
vegetation structure resulting in decréases in pocket gopher (Geentys broviceps) densily.

Decreases in popher defisities are further hypothesized to result in decrease or extizpation of
pine snake populations.

Timiber rattlesnakes {Crofalus horriduy) and Louvisiana pine snakes
{Pitnophis. melanoleucus nithveni) are large-bodied snakes with low
reproductive rates. Thus, they are vnlnerable to population decreases
dué to habitat modifications and increased mortality rates. Anecdotal
evn:lence, suggests that both species are declining on the West Gulf

. Coastal Plain (Conant 1956; Young & Vandeventer 1988; Brown 1991).

Consequently, the Texas Parks and Wildlife Department has listed ihe

- timber raiticsnake as . threatensd and the Louisiana pine snake as
‘endangered in Teéxas (TPWD 1992). In an effort to undersiand the

biclogy of these two species and elucidate factors that are potentialiy
‘responsible for the presumed population deciines, radic-telemetry studies
of both species were initiated.

Both species are undoubtedly subject to a variety of human induced
impacis that have réduced populations and resulted in extirpation of local
populations. However, this study focuses upon two hyputheses, one for
each species, that the authors suspect are of importance in causing
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Table 1. Annval home cange size fha) of adull timber rattlesnakes in sastiem Texas.
Snake Minimum Convex Harmonic Mean!
Folygon 935 Confour i :

TX 1 {mal2) 105.4 1231

1993 ;

TX 1 (mals) 113.6 148 .8 |:

S RN 2 {mate} 2126 256

T 3 (female) 9.5 23, f

TX 4 (female) M 15.1

§

declines on a landscape level. ;

Timber rattlesnake ecolagy.—Timber rattiesnakes on the
Plain are fypically associated with hardwood and mixed p
forezts (Martin 1992). Extensive arcas dominated by
(Pinus paluseris) are generally not occupied {Mount 19
Rossman 1989). This general patiern is congistent with
made in eastern Texas during this study.

Timber ratttesnakes are classic ambush predators, ofte]

Gulf Gﬂasta]
f:—har-:lwuud
longle?f pine

3; Quﬁﬁﬁ &

obseryvations
i

1 Spe =-nd%ng up

o several days in-a given position waiting for prey t
striking distance. Foraging snakes freguently assume pos
to logs, iree trunks or other siructures that may be

D pass|: within

ions aﬁd_;acent
sad | as:[fravel

carridors by prey species {Reinest et al. 1984; Brown (& {:rﬁlﬁnberg
1992). Juveniles occasionally climb rees to heights of 15 m; and may

remain it trees for several days (Saenz et al. 1996).
consists of small mammals up o the size of squirrels (Soil
. 'r_:abbits (Sivalagies spp.) {Klauber 1956).

* Preliminary radio-telemetry results document the large
of adult :malé timber rattlesnakes in eastern Texas (T

= }'Eucaily
Fis spp ) and

;§4|

hoine :Fan,ges
te 1).] |Adult

females have substantially smalter home ranges. The mra,'ge imnual

home range size (Harmonic Mean 95% contour) for ad

t femates (19

hay is much smaller than that of adult males (176 ba). J'wenilla gnakes
have generally smalter home ranges than adult females. The difference

in home range size between adulé femates and adult malg

5 is|primarily

due- to differences in mnvf:mf:nt patterns associafed jwith| breeding

activities.
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Table 2, Average daily distznée moved ¢m) by adult male and female Girlber raetieepakes
duriop the mating and non-raating season.

¢ Snake Kon-mating Mating
" _ {I Mar.-15 Aug) {18 Aug.-1 Nov.)
T 1 (male) 272 1.0
1993
TX L imalc} 3.5 59.%
1994 .
T 2 imale) 25.0 85.6
TX 3 (feinale) . © 103 18.3
TX 4 {female) 7.7 15.%

Based on observations of pairs in close association, actual mating,, and
movement patterns, the mating seascn of tirnber rattlesnakes in eastern
Texas is from mid-August untit movement o the hibernacula, generally
iate October to November. A marked change in movement patteras of
adult males, but not adult femates, occurs at the inifiation of the
breeding season. Prior to the breeding season adult snakes move
relatively short distances and spend extensive periods, often several
days, at a given location. Females continue this bebiavior throughout the
active season. This pattern iz presumably driven by the ambush
predation strategy employed by this species {Reinert et al, i984).

Commencing with the initiation of the mating season, the movement
patterns of adulf males change dramatically. Throughout the mating
scason adult males move more frequent]y and move longer distances

. than aﬂu¢lt females; or adult males prior to the mating season. This

patteri 15 documentesd by the average distances moved per day by males
and females prior to, and during the mating season (Table 2). Based on
approximately once per week telemetry Eocations of jndividuals, males
move substantzally 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 (7.1 vs
14.0 m2 per day). This behavior of adult males during the mating season

. results in movements of 1-2 km per week, traversing loops up 0 2 km
. in diameter. '

Causes of mortality and population decline. —Many factors undoubted-

ly contribute to mortality and population dectines of timber rattlesnakes

{Brown 1993). Factors associated with human development have pre-
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. sumably had a detrimental impact o timber rattlesnake popu]atmns

especially in recent decades (Brown 1993).

i
in

Habitai. alteration due to changes in land wse patmtn\s] havé: had a
generally negative impact on timber ratilesnake populations Lhmughuut
their range. Urbanization and agriculturat development have elmnnated
the species from much of its historic range {Brown 1993} In| :gastern
Texas urbanization is not as extensive as in some areas, and agri:'r:;ultura
(pasture and row crops) have declined in recent decades. Cortijercial
timber production lands are subject to harvesting-related disfurl:ranr:es
often on short rotaticns, that have unknown impacls @ ]
raitlesnake popuiations.

Anecdotal evidence suggests that direct killing by b lIl'lElllS He suh-
stantial on the West Gulf Coastal Plain, bwt data are ladking. ER:enttle-
snake roundups, important sources of mortality for some raﬂiesnake
papulations, probably have littie impact on timber rattiesnake pupu]a-
tions in Texas dus to legal protection and the d]fﬁcult)l of m]lectmn

compared to other ratilesnake species. Most human-# elated morl;ahl}r

reported to the authors is associated with umber haryest a,r{t.l_vmes
incidental encountérs during various outdoor activifles, and especially
with snakes encauntered on roads. g

Northern populations are subject {0 massive mortality thruugh direct
killing by humans ai communal hibernacula (Galligan & IDunlsnn 1979
Brown 1993). Mortality at the den sites is l'llghEI' on adu]t female:s due
to the tendency of gravid females to remain in the den yicinity during
gestation (Browa 1991). In eastern Texas typical hibernatula corisist of
armadillo (Pasypus novemcincnis) burrows, decayed s mp hnlf:s and
agiociated root channels, and beneath the root masses ot wm-::'l filted
trees. Mo instances of more than one individual at a hiber nahcl:m s;ta Was
observed during this study. Consequently, hibernating att]psnakes i
eastern Texas are not paréicilarly vainerable 1o hwnan pr dation it their
hibernacula. _ ;g!i
' I

The road mortality ypothesis.—Road networks and substan ial vehicle
traffic are sigmificant causes of vertebrate mortality {Ehmann & Cﬂgger
1985; Bennett 1991). In the United States Lalo (1987) e tlmated verte-
brate mortality on roads at-one miliion individuals per day: Ran‘.] esnakes
are partmularlj,r suscept:hie to road associated mortality since fht‘(}' suffer
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“ - fromm intentional kilting due to their economic value and humans® general

negative opinions of snakes {Adams et al. 1994).

;

Encounters between timber rattiesnakes and humans in sastern Texas
frequenily occur on roads.  Of 36 individuals recorded in that 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 rattiesaakes in
eastern Texas,; in general and on roadways, are more frequent in late
summer and fall. This corresponds with the mating season, snggesting
that the increased movements of aduli males during thiz period are
responsible for this pattern. OF 21 individvals of known sex recorded
by the anthors from roads during a three year peried, 15 were aduit
males. This pattern is a potential cause of the skewed sex ratio in favor
of adult females at the radio-telemeiry study site. Although the sample
size is small, adulé femnales captured to date preaily outnumber aduls
males {8 females, 2 males).

Recent records of timber ratttesnakes were obiained from an I8
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 permapent stveams. Preliminary radio-
felemetry results indicate that the snakes are primarity using the uplands
adjacent to floodplain habitats. Extensive areas of similar upland habitat
noi adjacent to rivers and permanent streams cureently support few
timber rtattlesnakes. Differences in density of roads show a similar
paitern;’i.e., road nefworks are most dense in the upland areas not
adjacent to permanent rivers and streams.

These observations suggest that timber rattlesnakes were more wide-
spread on the landscape in the recent past. It is therefore proposed that
development of dense road neiworks and associated vehicular traffic
have yesulted in the extirpation o¢ major reduction in timber rattizsnake
populations over much of the eastern Texas fandscape.

This hypothesis was tested by comparing total lengths of roads within
2 and 4 km of recent ratélesnake locality records with rasdom points.
This analysis was first accomplished for the entire 18 county area in
eastern Texas. It is possible that timber raftlesnakes are always
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Teble 3, Total road langths (ki) within 2 and 4 km of all snake collaction poinis and
random points, and snake collaciion paints 2nd random points withic 3 ko of péemansat
SiTEAME. : 1_
_ Snake Polats Random Points Prﬁ:b_. -
. __AM Points. ' . : |
Tatal Roads 4.4 T.01 r =504
wiite 2 km N £ {lﬂ.{_ﬂ]ﬂl
Total Roads o 1343 2144 r = -i?;.t_iﬂ
wiin ¢ km F < £.008%
Paints wiin 3 km N
of Fermanénl Stréams :
Total Roads * - 4.20 7.42 ¢ = 1387
wiin 2 km - : r -:':lﬂ.DDUB-
Totzal Roads B kN 23W i = 16,78
wiin 4 km i P 00000
restricted o forested habitats adjacent to rivers and permanent streams,

akhough the preliminary radio-telemetry results suggest quL.l'lEI"Iﬁ-'iSE:- To
avold the necessity of the assumption that timber rattlesnakes were once
widespread on the castern Texas landscape, the dafa was reanalyzed
restricting consideration to the subset of the data (snake llocations and
conirols) Jocated within 3 km of rivers and permanent straams:. In both
analyses (Table 3) a highly sigmificant relationship was fi Iun;r:ll. PRecent
timber rattlasnake locations have a lower density of roads within 2 and
4 km 'than do randgm points. These results support the h!t,rpume'sis that
development of densé road networks and resulting vehiculir traffic have
significantiy reduced timber raitlesnake poputations in eadtern Texas.

Louisiana pine snake ecology.—The Louisiana pine snake is possibly
the least undérsiood of any large snake of the United Statds dlfe to their
limited range, extreme rarity and secretive behavior. Tﬂﬁ}r are. large,

" semi-fossorial constrictors with a range restricted to castérn Texas and
“- western. Louisiana (Conant 1956). Louisiana pine snakn:slarc |gv:_hera!])r
- associated with open pine forests, especially longlea pisle { Pinus

palustris), aid sandy, well drained soils (Young & Vandcventer 1988).
An association with pocket gophers (Geomys breviceps)lis frequently
noted in the literafure (Young & Vandeventer 1988; Sweet &, Parker
1991). Data derived from captive breeding programs inldi(}:abes a
remarkably small ¢lutch size (3-4), the lowest of all the isubs pecies of
Piruophis melanolencus (Reichling 1990). -
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Preliminary results of on-going radio-telemetry studigs 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 concentrated on the low broad ridges
~overlain with sandy well drained soils. Vegetation typically consists of

a pine oversiory with moiderate to sparse midstory, and a well developed
herbaceois tndersiory dominated by grasses.

An extremiely close association with pocket gophers is supported by

" . observations made during the course of this stady. The distribution of

Louisiana pine snakes on the landscape, concentration on sites with
sandy well drained soils, maiches that of pocket pophers (Davis et al.

- 1938; Sulendich ei al. 1991). Most Louisiana pine snake telemetry

iocations (approsamately 20% of 500+ records) are of snmakes in or

“immediately adiacent to pocket gopher burrow systems. [adividuals

disturbed "on the surface frequently retreat to nearby pocket gopher

" burrows. In addition, all hibernation sites Jocated 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 popularion decline.—Louisiana pine snake
populations are éhovght to have declined in recent decades (Jennings &

- Fritz 1983; Young & Vandeventer 1988; Reichling 1995}, Lack of

baseling population data, rarity, and secretive behavior make any

- conchusions specolative. [ntensive trapping efforts conducted during this

siudy within ¢he historic range suggest that current populations are very

low with tocal pockets of higher density.

Louisiana pine snake populations are subject to many of the impacts
comimon to ather large snake species. Speculasion in the literature as to
causes of decline has included habitat alteration, direet human predation,
collection for the pet trade and road mortality (Young & Vandeventer
1988). Data are lacking to evaiuate the relative impacts of these
poteatial causes of population decline.

Alteration of the fire vegimé hypothesis.—Most of the historic range
of the Louisiana pine snake is. still forested. However, essentially the

" ‘emtire historic range has béen extensively altered by forestry practices
- (Frost 1993; Outcalt & Outcalt 1994). All but a few heetares of the
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original pine forests of the region have been harvested at least once.
Maost of the original longleai pme habitat has been converted to ather
pine species, primarily loblolly pine (Pirus foeda) and slash pine (P
elfiottiny, due to.alteration of the fite regime or direct piantt . .Rotation
apes wider corrent silvieuloural practices preclude the repeneraiion of oid
zrowth forests, and short rotation silviculture for pulp production s
dominant on private lands. '

The impact of these habitat alterations on Louisiana pine smake
populations is got known. Studies currently in progress are designed to
. answer questions concerping . habitat use in relation to siivicultural
practices. What is obvigus from preliminary data is the c]asa association
of these snakes with pocket gophers. Ti is thérefore h}r bthesized that
factors thai influence pocket gopher distribation and a bundance also
“irifiluence Louisiana pine snake disteibution and ahrUndanm_-! specifically
ihat pocket gopher declines precipitate Louisiana pine snake declines.
. It is further. proposed that the distribution and abundan:ce of pocket
gophers is determined in part by the fire regime, and that changes io the
historic fire regime have- had a negative impact on pocket gopher
abundance. :

 West Gulf Coastal Plain pine forests, especially longleaf pine, have
© gvolved as fire climax- communities due to effects of frequent, low
intensity ground fires (Komarek 1964; Platé et al. 1988)1  Frequenty
“burned sites on sandy, well drained seils fypically su'ppaft a pine
dominated overstery, minimal midstory, and a well devé]nped herba-
ceons understory (Bridges & Orzell 1989). Alferation of fHe historis fire
repime has been widespread (Frost 1993)_ Fire suppressmil has reduced
the frequency of fire, and the substitation of prescribed fi ire for wildfire
has changed the seasonal occursence. The resuli has beenla widespread
. encroachment of woody vegetation forming a dense midstory, and the
“suppression or virtwat elimination of the previously well developed
herbaceous unﬁerstor}r (Fr{}st et al. 1986; Bridges & Orzell 1989},

Parcket gaphers feed pnman]y on subterranzan portions of herbaceous
plants (English 1932; Sulentich et al. 1991). The widespread decline of
herbaceous vegetation in- West Gulf Coastal Plain pine communities has
- presumably reduced pocket gopher abundances. Although)there may be
problems with- this- approachk (Andersen 1987), this smdy used pocket
gopher mound. densities as an index of pocket gopher abundance.  Pre-
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Mounds ! ha

1] - -
Puor habitat : Good habitat Excellent habitat

Increased burning

Figuse 1. Hypothesized relationship between effectiveness of burning and pocket gapher
(Geonys Breviceirs density hased on preliminary datz oo mound density.

liminary data suggest that habitats that have & vegetation structure typical
of fire climax conditions (well developed herbaceous siratum) support
higher gopher densities than sites where fire has not been sufficiest to
suppress woody vegefation and prevent reduction of the herbaceous

stratum {Fig. 1).

Furéhér confirmation of the relationship between pocket gopher densi-
ties and the fire fegime would support the hypothesis that pocket gopher
population declines in West Gulf Coastal Plain pine habitats have
resulted in the apparent decline of Lowisiana pine snake populaticns.

CONCLUSIONS

Two hypotheses have been presented for the apparent population de-
clines of two large snake species on the West Guif Coagial Plain. The
fivst is that develgpment of a dense road network and associated vehicu-
iar traffic have led té the elimination or decline of timber rattlesnake
populations throughout the region. In the case of Louisiana pine snakes,
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it is proposed thai changes in the fire regime have m]iuced pocket
gopher densities and thereby led to a decline in pine snake populations.

Preliminary data weré discussed to test these two

Hopefully, additional data will be forthcoming to critica

bypoiheses.
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Growth Rates and Mortality of the
Lowisiana Pine Snake
{Pifuophis ruthveni)

ot G Hines. ! ? Laf/REnCE Wb Magte st D CRALG
RUCOLPH asE SHIELEY | BURCDORES

IMcserens of Life Schowss, Lywisions Stare dlmieersity i

Shremevord, Gne Mnfersity Plose Shtevepers, Lpudeinia”

T1115-33498, LA

wyildiife Habitat and Sikeuffiore Labargiory, Soeckiwrn Jes_

coprcl Statim, U0 Forest Sertavs, Macogdochss, Texes
FEGEZ-7E00, LA

The genus Fliumphis ¢Serpentes: Colubsidas) con-

bains fhiee spedies of spakes in the United States (Cob-
lins, 1907y Fitmophis cuferafer, Pituoghis melambes,
and Pitaiss rathveni, The Loaisiana ping saske, T
rutheni, was elevated to specific satus by Reichling
¢1985) and is endemic b westemn Lowisiana and ¢ast-
o Texas (Conant and Collins, 1993 Reichding, 1943,
Thomas et at, 1976). Rodriguez-Rebles and D feeds-
Eecobar (20009 agreed with the recogrition of specific
siakas for B rutesern; but few data have been callecked,

on the natoral history of £ ruffeent since its original.

descripron ¢5Eell, 19791, The paacity of data on P orugh-
st it beceuse of the enakes Lmited distribution
{Reichiing, 19%5; Thomas =t ak. 1976, low popilation
density Cennings apd Fritts, 1983; Reichbing, 1955},
and seczeive natue {feichling, 1953) ]

A radiptelemetry study mitiated in 1993 (Rudalph
and Burgdacs, 1937 Rudolph a2 at. 1998) confirms the
pasic conclusions aboak the ecology of B ruithrens ob-
mined from collection records. Fitugpiis rufiomi is
prienacily assodated with pine faretts i sandy ails
weithir the historic rangs of longlead pine {Pime pak-
wseris). Telenetry data indicate 3 preferance for well-
developed herbaceus vegetatioh gererally main-
tajned by fire (Rudolph and Surgdorf, 1997). A close
assnciation with Bard's pockst gopher (Famwe o
E?;-‘; is evident .t all sites {Budoipiy and Burgdorf.
(L

&g part of a rangewide natural history sty oo B
rutfiemi in Lowisiana ard Texas, we studied 30 natu-
rally coenrnmg fone juvenils. 16 adult males, and 13
adult female=d and sight captive-pred (seven juveniles
and one adnit male} pine snakes in the field for wp o
4% months. The abjective of this papes is to charactar-
iza the growih of this rate and peorly keown soecies.
W alsn compare growth rates of 7 rathuear with data
from oFhes studies of Pl

Beralse of the exireme razity of 7 rofhomd, animals
(3 = 38 impiantec with tranamirten; were jrcated in
saveral study argas: Bienwille. Sabine, and Yernon Far-
tshes in Lovisiana, and in Angeling, jasper, Newion,
and Szbne Crunties in Texas. Alkzites are within Ris-

* Present acdress: Depariment of Riological Scend-
s, Rox 3018, Univarsing of Seuthern bississipph, Hat
rieshurs, Mississippi 30B6-30E. LA,

d.: Costesponding Author. B-ndil, jin hicnesEnsm.
et

= Present sgdvess: Unied States Fish and Wildlite
Service. 210 Desraond Drrive, Swite 102, Lacey, Wash-
imEiom YRSN3-1285, D54,

taric longleaf pine 0 peekistris) habiat, althongh an-
thropugenic and sibvicultural dmpacts have yeduesd
the doepimance of [ongleaf pine ab medt sites. The to-
sography of all sites is weatly ralling Tuile with inter-
mittent and small permnanent Stréams dizzecting the
sires. Soits vary canziderably; hewever, extensive areas
of deep sinds vecur at all sites. Fine (orest consisting
of ¥ @ity shosstesf pine [Pitwophes eciiwein, tob-
lally pine [ weidad, and the imeroduced sizsh
pimz [Potwaphis slliottid), with wopasional hardwoods,
dospingéss the wplands of alf sites. Zisvicultural meak-
ments have mcreased the dominance of pine,in 1pest
areas, and recent clearcuts and pine plantaiions ocour
at meat sites, Varions Rardwood speces [Chaercs Spp..
Liguidapubar séyrocifine, Rigris srmidifells, Carve spp.
Muysse swetist, apck many others} are more abundant
and sften Gornipant-adjacent to the drainages.

The hisioric fire fegime has been sobstantially ab-
tered ai all sites, The effectd of wilcfires am Hmited
because of fire suppression,|and prescribed lires are
less inkense and are ¢ ated in the lake winter
and eardy spring at most sites. Consequenty. hard-
wiood encsoachment is advanced, and herbacsons vag-
stmtion s suppressed ai most sites.

Pine smakes were obtajned by frapping and hand-
capiure betwesn 1933 and 1547, Traps consisted of
phwood acd 5-mm hardware cloth boxes {1.3 = 1.3
¥ 03 m) with 2 fannel enkrance R each ride Hard-
wazs clpih diffe ferces approximetely 05 min height
ewrended 36 m from each funnel entrance, Traps wete
vpersted rm a vanavle schecule ak LO-13 tites during
she months of Mards to Octobes

A total of 36 snakes was captnred aE OF nEdr & TEudy
siee, and 3]l were implanied with radiotmansmiiers
priar bo their rel=ase in the feld. In addition, 2ight of
nine captive-bred snakes that were obtained from the
¥emphis Zoo and Aquari were also imglaried
with transmitters and feleased at the Bienwille Partake
study site fone nake died in surgeryl, These snakss
were the offspring of snakes from Sienville Farizh that
were u=sd to establish 3 capHve breeding program {5.
B. Geichkmg, gers. comed. ).

Courteen spakes (of the 38 stediad) were measured
two simes dudng the study, providing the data om
growth reported hers Estimates of mortaliny do aot
pequire Dwo growth messurements and are thercfore
based on all 38 zpecimens that were shadied in the
fieid. Snakes were implanted with'SI-2T mmsmitters
idd % 16 mim. 12 & Holohil Svstems ETEY, Carp, (N
Each tramsemikter was wqupped with a 2o whip
zateapa. A singhe small jovenile (no- 33 Table Y was
implarted with o smailer (2.5 g} transmmitter constrici-
ec by Phillip Blackburn, Ses. tokal length, snont—vent
length, =nd mass wene recorded at the time of surgery
iTable 1% Onby one snaks (o, 34: Takle 1) bad a rans-
mRitter macs that excesded 3% of the body mass, and
it surrreed, without appasenk haem, o the completion
af the zradh.

Spakes were ooly handizd dering indial ssdio fm-

. plangation and replacemsni longe wvery 14-13

monthe), 3nd thos we eeaid not Setemine mprodus-
five siatug uf the snakws, Therefore, we did rot distin-
suish bebween gravid ond seongravid females. How-
aver, Shci 119700 0 an overviei? 0f repreduction m
Pienmpitis vesclasive of 7 rubaeni), conciuded thak se=-
uai magngte in captive snakes 15 atinined af three or
iy vears of ave Thenebors, we considered three of
iy sapte smakes (nos. 34, 33 and 36 Table 1), whidh
ware ame-vear old at the Hme cf their release, o be

H
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levyslle * dbencts juveniles Relalive transimibier mass is for o 430 fransenit o implacdind i all snakes, except no. 25, which cavried a 2.5 branminikier
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Biz. 1. Length imcreases of native (dosed dncles)
and raptive-bred (open darcies) Pltunis ruthemed ao-

cording o rotal Jength. Each syimbol identifies the ap-’

prewimate geenvth rafe of an individual snake. Re-
gression line: ¥ = 351 — B023%x

juveniles. One #ilé-caught snake (noo 25; Table 1),
whici “had a comparable initial tpial [ength and
spout—vend length, hak lower initial smass than all cap-
tive juwenilas, wis also considersd o be o juvenile,
Transmitters were implanted following the general
procedures of Retnert and Cundall {19823 and Weath-
erhend and Anderka (F984). Ketamine ihalfinckrods
veterinany, Inc., Mundelsin, L) injeried ntramuseua-

lariy (B0 mgf kzi or Halothane (Averst Labs, Inc., [New-

“Yoxk) was nsed a5 an inhalant. Transmitiers were im-
planted either subeutaneonsly or ndraperitoneally. All
ansnitters (except the single Blackbam franzmitier)

had an Approdimate battery life of 18 menths and

weee replaced as necessary, The Blackbum teansmitier
had an expected Roitery life of siv months.

tnakes wrere alfowed 2-14 days for reccvery e tie
lab price to release. Twenby-ziz af 3} wild-ceughe
soakes were seleased at their point of captare The
remaining four wild-caught spakes wese caphared by
Iocal residents in.areas not accessile for elemetry
shudies and vwere ot risk because of adjacent hlghwavs,
these snakes were tefsasad, 70 km Fom their point
oOF capture at sabe sites. wh.erg other snakes wera under
observation. The risks 1o the fouwr repatriased makes
and their recelving popalabions were cansidered toe
less fhan the imminent danger poged by a busy kigh-
Wy and thech haman ackiviky,

Followying release, smakes were refocated an 3 vark-
akle schedule {1-F Hmes per weeks depending on the
rarhicular reseatch objectives of vanous stodies in
orogress. At the time «f Eransmoiter replacetnent, most
apakes were remensueed. Remaing of snakes that died
i the Feld, or fher itolated fransmitiers, were wi-
amired e viues 2% 0 the soezible vause of death.

Total fengihis were used for coleulabme eean
growth rates fer menth because sexual dimeorphism
in tail [enth was sobopparent (Table 10, wiereas the
rate oF smoe-vent 12ngth o mass was caloculated a2
2 ndicarer of e cvgradl body condition and conse
qugriial health of suakes. Habstical znalvses of the

fk
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Fros 2o Growthy ates of PiEnopiss rufhvent (v = 145
Lires represent incividual adwlt snakes; da shed lkmes
represent juveniles {all feenalesl, -

means of 1énﬂ'ths and masses using f-Fests vere com-
pared 2t the 43 level of s1gmﬁe‘ame £,

Aesutts: Jokel Lemgih —Adwlt males reached Ia!:ge};
sizes than adudt Eemales (Table Bh Mean tofal Jength
inrease iom) per month was 139 = (039 {mean +

5% Conhdesee Inberval. tange = D02-214, i = 14).

Mean incresse in tofal length per month for juvenile
snakes was 140 * 102 (1535214, W = 4j. Mean in-
crease in total length per month of aduait males and
Fernales was 036 £ 024 (02059, M = 7 and 130

£ 0.7% (021063, N-= 3}, respectively, There was a. -

negabve refationship betwesn incseaze in fofal lemgth
per month and total tangth of individual native (=
1) and captive-bied (W = 3} snakes (Fig. 1: Tahle 1}

Mass—Nean mzss chanize {2l per month was 0.72

= 081 {3004 B0 JB25 s 14y, Nfean change in -
- mass par month of jvenile shakes was 9.35 = 10,14

(.07 1o 1825, N = 4). hlean chanpge in mass per

month of adult malss and females was —446 = 1297

(—3004 tn 633, W = 7l and —1.08 = 485 (-4.37 o
057, M = 30, vesprechively.

Totd Levgf/hdass Rabips —Growth rates of 14 indi-
vidual snakes were calcuiated by comparing the
chapgeas in tetal Tengkh b mass ratics. Thakes with a
regative tlope gained mass telative to their increase

dn total tengthe and snakes with & positive slope o0&t

mass relative g their increase In total length,

Four fehree capiive-bited and one wwild-canghi) ji-
wemiles idashed lines; Fig. ) increased in okl length
and mass at o grester sate thamp aduliz. Howsver, zev-
era] adults decreaged in boeal lengih/ mass ratio doe-
ing the sindy even tewsh their leagth - condnoed (o
incresge. Theee adults beran seith & higher ratio and
generally declined throughoud the sy fFg 2L
Aduale sfakes have o lower ratio, which s orobably
charagterisfic of a mekare bady formm, and e Tstio B
snindivigual might continue to decrease 4% the snake
ages. This suggeste in optimam diameter relative. io
mass that does nek change atb the same Tater as the

lzagth jallometnic growethi. These data ].'lrl:,nfidE an iin-

partant ardication .:r scFividual growth §vnamics of
£ ruiloari

Tiwe anit ||.i-r'e'|'lll.” smakes that suevived o the end

J:-r Ere studyv werg femates 18ig. 21 Tliese snakes in-

reaged in nrean total legth B 500 dering the 2-

2 month geriods of o servatiom, nesTh wdemtiod o
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the 15.6% incredse in lenoth in females of Mifuepiis o
deserticoie i pocihern Utah durng their second year
of life fParker and Brown, 15800 Three of the juvenile-
# riifimene that survived o the end of the skudy were
vbrerved in the field to contain o large midbody bulge
that probably indicated recent feeding. Thus, e as-
sumes fhat these spakes were able to ohtain envugh
Foad 1o zrow at @ nosial cate

O the 14 individualbs of P ruthicnf for shich two
EROWIT medsarements werg available the lealkh, con-
ditie, of recescy of feeding/reproduciion of thé
snakes can be indicated by the totat length S mass eatic
The preater mass carried by & soake of a given length
is aeually on indicator of betber health of the apimal
(Plumemer, 199%7) but probably s alse relatad to age
brecause juvernles and adults may hove different total
length/ mass mtios {altomettic growth; Fig 2). Ac-
cordingly, ihe smaller snakes had a higher total
length/ mass matio and they zained mass at 3 geates
eate theeaghout the study, whereas the larger snakas
began the period of ytudy with a lower total length/
mass ratio and the rate of increace was touch less (Fig.
2k five adults declined iR mass cut:mg the shudy fTa-
bla 13

Mortpbiby. ——0F the 38 snakes rleased, all carrying
transmitters, 13 gurvived o the end of Ehe stody, and
25 were lost (N = &1 or died (W = 19} with an overall
martality rate of 3% and 5 manthby mortafigy rate of
8.3% {= 18/228 tatal menths survived). Males made
up 47.1% and females made v 52.9% of the 17 snakes
that survived at least one year. Twik One-pear surviv-
g juveniles comrprised 25% of all juvenilas,

Dedeting indiviguals that twere lost (W = 6}, ar dlEdﬂ
fellowing lat surgery {surgesy after Septembér 1; N
= 3, & total of 27 snakes |19 adults and sight juves
niles} ware svailable for estimating morrlity sakes.
Thesg 17 individuals were present mr a cumulatiee
koral of 437 months, duhng which 15 deaths goowemed,
resulbing in & monéhly morkalicy sate of 6.9% Simddaz.
caladatzons gmve mnthh.r martality rates.of 5.5% fos
both sexes fmales & = 9; 131 mmﬂ'l.s, fomales W = &;
87 months) Five capfive-bred [uienle snakes wers
tracked for 3% months. During this period, two deaths
oeoarred, resuiting in & menthly mortafity rate of
A13%.

Cf the 17 adult mertalifies, exchding two invalving
fate surpery iFudolph et al, 1993, vehicles were sus.
pecied as cayses in Hree deaths; one snake was found
as a carcess with a crushed fransmitter adjacent &0 a.
eaive lughway, and tive snakes were found as car-
casses adjacent 30 offsrpad vehicle tesils with bruizes
oF crushed vertebrae sugpgestive of wehecle damage
The remaiping 10 mottalities are diffioal o assign to
g speciic canse Six of these individoals were ob-
senved in apparent hesléhy condificn 7-30 days priov
to death and fwo of thesa xx individusls were foand
a5 sheletal remains below ground. The oaly remains
uf aneiher Twa were theif isclabed Frapsinitters, Of fve
carcagses Jocared un the surface, four appeared o have:
bzen fetl upon by vertebrates. Howewver, it was impas-
sihle to determane wrhether predators ur scovenRgens
were yesponsible for the condibion of the carcasses.

Ay eatimnate oF SToWEh rale or 0 groewkl durve re-
Jueres & l2ast bvn measurements of size af knowm
time intercais. To eshimaie awe based on the rate of
arowih, ar fe2st ong kaown sge i5 also requized. There

-grmivth rate than would wild snakes becauss of Ehé—
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Fi 3. Growth rates of ning individuals of Ao
phiz ruibment of Ynown age, Cloged dreles ave caplive
snakes released durng this s;udy. Lines joim bawo meg-
surements of three mdmduals The irianglés repre-
sank four ha[‘.:rllings {Reu:hhng, 1oatl), Regression line:
y = 37.3% + HU?EK B

is nur prubdizied infoemation regarding crowih rafes of
F ruthvemt based on wild individuals of known age
The only snakes (N = 13} for which both age and
length are known are four hatchlings (Fetchling, 5900)
and nine snakes that were raised in capriviby unsl
eight were released o the feld (one died R surgery)
These 13 smakes provide the only sveilable daka on.:
lenorwny ages and lengths fromewhich an estimate of a: -,

growth curve san be obtained (Fig 3. Although ther -

positon of the curve ai bieth is probably accerats, the -

- slope of the' rﬁultmg regression ling may be foo stedp?”
- hecause the nine Fosthatéhifngs were saiced in capbivd s

ity for the first part of their Hves (birth sizes were ot
recorded). They probably a‘«cpenen.ced a more m@pidi-.-

food supply, constant enwirodment, and ladk of matus
ral dognaney (Fig, b :

Regardless af the possible inacquracy af the Fegres:’
sion line sloge. the resulbing individual gromih carve.
estimates, based on captive individuals and foae
harchlings (Fiz, 31, suggest that one-pear-obd and hwo-
year-gld snakes aze 80-100 oo apd V120 om in io-
tal length, sespectively. Additomal growth rabes are
known, for snakes of owin [ength, Dok dnknoen age,
A female i3 tngwn to heve oviposited at a fgtal lenpth
af 154 em | Eeichibing, 19903 Thus, sxaal matariky s
protvably redched by the fime 5 snake hes attained a
kotal length of 120 cin and an age of about Fhree years -
(Fig. 3. This.estimate of age at qexual matumtion is
supporked Iy Fikek (1970}, who concladed Ehat sexeal
marurity in othed tasds of Pifuphiz fdata cn £ olneed
wiere unavailable) iz probatly reached ar three or foue
years Of age,

The lareest snake (no. LS Tablé 1t experienced the
mreatest peduckion in fotal lEngthy mass mbo (eonsis-
tent with Bhe frend) ond also dizd during the study
tFig. 2: Takle 1% This specimmen was xlose o the man-
U size 1178 cmy koown for the species (Conang
and Jollins, 15910 [F is 9ot sumprising that juveniles
and grlelts differ in shape. Jowever, this relationsfup
a5 not een docamended it the diterature for & arei-
wen? end is possibly o very imporizng predictor of

..-*-\.
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when an individual rackes an adelt shape and per-
haps sexnal roaturity. Thaee of the four juveniles did
nat reach the aduit catie of approximately 030 or less

(Fig. 20 The juvenitz tar 0248} that did teach the adult:

ratic wag not the largest of the four juvenilzs, Tuk ac-
cording to s tatal length/mass enie, it might have
been the most matura

I the only other extensive shudy of growih in Fi-
tuephis, Parker and Brown (19805 recorded leagth and
weizhe changes in P & deserticals in acrtheon Ctah over
a three- -year pericd. Lewpth increazed by 24.3% in
males and 15,64 in females during their second vear
of life Curing the males” thivd vear, lengeh increzsed
enly by 2.9%. The length of females continued to in-
ease By =10% per vear during their third, foucth,
and fifth years, buk growth rakes were significontly
lower in both sexes in the third sampling vear Sexual
dimorphism v size was apparent: of 35 fermales, oniy
the largest exceeded 110 on SVE and weighed 350 2,
wigreas M4 of 48 males exceeded 150 cm 5V and
weighed 400450 2,

In sammary, this paper documents growth n
length and mass of the Louisiana pine snake (F ruit-
cenit. This speces exhibits allometsc growihoin length
bz mass zatic, which indicates an ophmum bedy
shape for adults. Annual increase in lengih might be
similar to that observed for known-age gopher snakes
(F ctenifer) by Pagier and Brown {18B0). More rotmst
smakes in this stndy ganed m2ss more papidly
throughont their period of study. The observed allo-
metric changes in roonsiness might be an dmportant
indicator for identifying the onset of sexval matariiny
prebably 2t a minimral total lemgih of sboat 120 cm
and aq zge of at leask three years.
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DIEL ACTIVITY PATTERNS OF
THE LOUISIANA PINE SNAKE (PITUOPHIS RUTHVEND
IN EASTERN TEXAS '

Marc J. Ealy, Rohert R. Fleet and
_ D). Craig Rodolph
Texes Perks and Wildiife Depariment, 1700 Fih 5e., Reo JO!
Bay City, Texay 77454
Deparmment of Mathematics and Statistics, Stephen F. Austin Seate Unlversiy
MNacogdoches, Terar 75062 and )
USDA Forest Service, Southern Reseerch Smrion,. 506 Hayter 5t
Nacogdoches, Texas 73065

Abstract. —This study examined Lhe died aclivity patterns of 51x Louiziana pine snakes in
eastern Texas using radio-telemetey. Snakes were monitored for 44 days on two Stlldji A2A%
from bay to October 1996, Lonisiana pine snakes were primarily diumal with fnoderate
crepuscular activity, spending the night within pocket gopher bumows or inactive on the
surface. During daylight hours, snakes spent approximately 5%% of their time underzeound
within gopher burrows, burmned ouwlfroltten stumps, or nine-banded armadille (Daiypus
novamcincteg) Burows. Remainiog tins was spent an the surface ether close to subter-
ranedi refiuge, or in Jong disance movements that generally lemminated at apother pocket
zopher burrow system.  Long distance movenents ocoucred on 43% of the days snakes weee
monitored and averaged 163 m/movement. When snakes wers active, movements related
fn ambientair temperatree; 829 of these movements occurred between KN and 1300 hours.
These results confiers that Louwisiana pins spakes are dinrhal and closely associated with
Baird's pocket gophers and their busrow systems, and have provided nevs insipht oo the
ecology of this rare snake, '

The Louisiana pine snake (Pituophis ruthveni), first described by Stull
{1929}, is a targe-bodied constrictor of the family Colubridae -and uniil
recently was considered one of 15 subspecies of Piuophis melanolercus
(see Sweet & Parker 1950; Collins 1991; Crother et al. 2003). The
Louisiana pine snake is allopatric to other Pituophis and its distribution
is primarily restricted to the longleaf pine (Pinus palusiris) ecosysiem of
west-central Louisiana and eastern Texas {Conant 1936; Reichling
1995). The longleaf pine ecosystem is perpetvated by frequent fire
{Platt &t al. i988; Frost 1993). Louisiana pine snakes are semi-fossorial
and are closely associated with Baird’s pocket gopher (Geoniys

hreviceps) burrow systems {Rudolph & Burgdorf 1997). Baird’s pocket

gophers are the predominant prey of Lounisiana pine snakes and their
burrow systers are used for foraging, shelter, escape from frequent
fires, and hibernation (Rudolph et ab. 1998; 2003).

Many have teporied on the apparent rarity of P. ruthveni; this can he .
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partly attributed to its semi-fossorial habits and secretive nafure (Conant

E956; Young & Vandeventer 1988; Rudolph & Burgdorf 1997). Only

37 records of P. ruthveni were available through 1990 (Conant 1956;

Jennings & Fritte 1983; Young & Vandeventer 1988; Reichling 1989) .
Ag a result, this species is considered to be one of the rarest snakes in

North America (Thomas et al. 1991). Extreme rarity has prevented .
researchers from collecting substantial ecologicat and natural history data

on the species and accounts for the paucity of available liferature.

In 1993 the USDA Forest Service Southern Besearch Station inigiated
a long term stady of home range and habiiat use of free ranging
Lowisiana pine snakes in eastern Texas and west-central Louisiana
through the use of radic-telemetfry. This portion of the stidy was con-
ducted from May through October 1998 to shucidate dlei actwll:y patberns
of this snake in eastern Texas.

STUDY AREAS

Two areas were used to monitor Louisiana pine snakes in eastern.
Texas. Foxhunter’s Hill is a 500 ha longleaf pine savanna focated on
the Sabine National Forest approximately 25.5 km south of Hemphill,
Texas, in Sabine County. The second area, Serappin’ Valiey, owned by
Temple-Inland Forest Products Corporation, is approximately 29 km .
south of Hemphiil, Texas, in Newton County. The poriion of Scrappin’

Valley vsed as the study area is a 450 ha longleaf pine savanna.
Characteristics comman o both sites are: soils with high sand content;
diverse herbaceous fiora dominated by little bluestem (Schizachyrivm
seaparitm) and bracken fera {Preridivm aquilinum); over story domi-
nated by longleaf pine (Pirus palusirisy, sparsely digiributed blackjack
gak (Quercus marilandica) and blue jack cak {Quercus incana); and
areas of encroachment by sweet gum (Liguidambar sivraciflua), sassa-
tras (Sassafras albidm), and yaupan (flex vomitoria) as a result of past
fire suppression. Fexhunter's Hili possesses moderate topographic
redief, average basal area of 9 m’/ha, and heavy leaf lifter accumulation
and was burned by prescripiion in late winter of 1993, Scrappin’ Valtey
has lower topographic relief than Foxhunter’s Hilt, average basal area
of 6 m*ha, moderate leaf litter accumulation, and was burned in late
winter of 1993, Generally, Scrappin’ Valley was burnied annually while
Foxhunter's Hill was burned every 3-5 vears, resulting in differential
teaf litter accumutation i the fwo areas.
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i :
MATERIALS AND METHODS =~ *f _

Transmitzer implantation. —Louisiana pine snakes were captured on

ihe study areas by hand or in drift fence/funnel traps. Temperature

sensitive transmitters {Holohil Systeros Lid., SI-2TY 29mui long and 10

mun in diameter with 28 cm whip antennae were implanted subcutane-

ously following the general procedure of Weatherhead & Anderka

(1984}, Transmister Jife-span was approximately 18 months and maxi-
mum tFansmission range was approximately 1200 m.

Radio-telemetry/data collection. —Snakes were focated early in the
morning before they became active and emerged from subterranean
shelter. A Trimble GPS Professional unit and dafa logger was used to
record each spake’s location. Air temperature af the spake’s location
was measured with a mercury thermemeter 0.5 m above the ground in
the shade. Substrate temperature was recorded in one of two ways: if
the snake was aboveground, the thermometer was placed on the substrate
as close as possible to the snake without disturbing it; if below ground,
the thermometer was inserted approximateiy 3 cm into the soil. Snake
body temperature was determined by comparison of fransmitier puise.
rate with a calibration curve for each transmitter.

Throughout the day uniil sunset, transmitter pulse counts and air
temperatures were recorded at 30-45 minute intervals. When the polse .
count of a fransmitter changed by becoming much siower or faster,
indicating a temperature change of the implanted iransmitter, the snake
was relocated to determine if snake activity had occurred. Six snakes,
three on Foxhunater’s Hidl, and three on Scrappin’ Valley were monitored
fram dawn to dusk for a2 toral of 44 snake days. Movements were
recorded and calculated only if an individual moved more than 10 m
from its previous tocaiion on a given day (Slip & Shine 1988). Move-
ments on six additional days were recorded during the course of other

data collection and were also available. Movement distances were. :

calculated thyough the use of Trimble GPS Pathfinder Office software
(Trimbte Mapping and GIS Systems Division, Sunnyvale, CA).

Periodic night checks were conducted by locating snakes at sunset and
again at midnight and before sunrise to determine if the snakes were
active nocturnally. Additional daia regarding movenient and choice of
underground refugia ‘were coltecied from these and other snakes in
addition to the 44 snake monitoring days.

Habitat measurements were faken ai each snake relocation point as
required for various aspects of research on P. ruthvent. Additional
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habiéat measurements were faken at 100 stratified random points deter-
mined by overlaying a grid on the overall sfudy site 2ad using the infer-
sections of the grid lines as the rapdom points. The only habitat

meazurement relevant to this study was thé number of burrows counied.

within an [1.2 m radius (0.04 ha) of each habitai point. Georys
breviceps "burrows” were counted as the number of visibls push-up
mounds and ail other burrows were enumerated by the numher ‘of actual
openings at or near the soil surface, :

Data analysis. —Distance moved per snake each day was tesied by a
Mann-Whitmey U-test.  Chi-square contingency tests were used o
gvaluate the time each snake utilized above ground and below ground
environments, movement frequency, and refuge/shelter types wvsed.
Frequency of mavements during 12 two-hour fime periods were evalu-
ated by Chi-square contingency fests and all statistical analyses-were
perfnrmed at an atpha level of 0.05, : :

RESULTS

Six P, ruthveni (3 F, 1 M) were monitored during all or most of a -
total of 44 snake days between July and October, 1996, During the 44

snake days of monitoring, individual snakes were located at the surface
between sunrise and sunset for 145 his of a total of 354 hrs (4§ %), The
remainder of their time was spent underground in G, breviceps barrows,
ning-banded armadillo burrows, and deca}ra::l or burnecl stumgp holes am:l
associated rooi channels.

In order to determine nocfurnal behavior, the six P ruffveni were
momitored af approximately sunset, midnight, and sunrise for a total of

20t snake days during July and August. With one exception, all snakes
were located below ground in . brevicepy burrows each night (n =

17). The exception, a female, was located on the surface beneath dense

herbaccous vegetation at sunset on three separate days and remained in
that location until the next morping. One of these ingiances was during
pre-ecdysis.  For the 44 snake days when exiensive monitoring oc-
curred, snakes were assumed to have spént the previous night in G.
breviceps burrows, based on early moming detections, a total of 29
times. These same snakes were assumed to have spent the succeeding
night in subterranean reireats in 38. instances (35 in G. breviceps

burrows, three in D). novermcintus burtows) based on detections at dusk.

Data are not available for the remaiming 21 nighis.
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Figure 1. Eody temperatirs (apen circles), air temperatire {open squares), and subsirate
temperaturs {open triangies) for a Louisiane pine snake {Pituophiy rhvend) spending
daylight hours undesground in a Baird's pocket gopher (Geowys breviceps) burmw.

Adult female 143 oo 14 July 1996,

Pimophis ruthveni monitored for daily activity during this study
evinced three general daily activity patterns. In-17 cases, snakes re-
mained in G. breviceps burrow systems for the entire daily tracking
period (Fig. 1). All six snakes except one female from Serappin’ Valley
spent at least one entire day in a G. breviceps burrow. Conversely,
three individuals spent an entire day on the surface. Two of these
individuals moved sigaificant distances {225 m and 39 m}, and the third.
was in pre-ecdysis condition with clouded-eyes. :

In 24 cases various combinations of time were spent on the surface
and below ground. These cases were usually associated with substantial
surface mavement (19 of 24), usualiy culiminating with entrance into
ancther underground refuge (22 of 24) (Fig. 2). Of these 24 snake
days, 12 involved snakes that were on the surface when first located in
the morning and 12 were in G, breviceps burrow systems from which
they subsequently emesged. It is unclear if the snakes iniiialty located
on the surface had emerged from underground refugia early or had spent
the might on the surface, although sampling for nocturnal activity sug-

gests the former in most instances. :
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Figurs 2. Body temperature {open circlasy, air temperaurs (open squarss), and substrate
temperature (open Wangles) for a Douisiana pine snake (Pirophis ruthvendd spending
portions of a day undevground in a Baird’s pocket gopher {freonmes breviceps) burrow and
portions above groond. Adult famale L1% on 03 August 1995,

On the 27 snake days in which at least a poriion-of the day was spent
on the surface plus six additionat snake days for which movement
distances are available, seven snakes remained in the same location,

exhibiting only minor movements of < 10 m throughout the day. One.

individual moved 72 m from its injtial tocation, but retarned to its initial
tocation by dusk. In 25 instances snakes moved substantial  distances
(> 10 m} during the day and were located an average of 163 m (range
i 1-625 m) from their initial location. Movements occurred from shortly
after sunrise until dusk with the majority (82%) between 10:00 dnd
18:00 hours {Fig. 3). Overall, snakes moved a substantial distance on

20 of 44 days monitored (45.3%). There was a sipnificant difference.
n frequency of movement between Scrappin’ Valley and Foxbunter’s -

Hill snakes {x2 = 9.99, df = 1, P < 0.005) with the Scrappin’ Valley
snakes moving more frequently (Table 1): Daily movement distances-
were calculated by summing straight line measurenients between con-
secutive focations and should be inferprefed as an underestimation since
snakes rarely fravel in a straight line (Secor 1994). Or days- when
movement cecurred, snakes at Scrappn’ Valley {Table 1} moved greater
distances, (x = 189 m, » = 19) than did those on Foxhunter’s Hiil (¥
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Figure 3. Frequency distibufion (%) of movements by six Lonisiana pine snakes {szapﬁ:s
rutfivent) relative to time of day. Data for 12 May - 2? Oobabes 1995

= 9i m, »n = 7); this difference was mgmﬁcant (U 405, df = 24,
P < 0.05). .

Pine snake wze of unde:rgmund rcfugia was recorded on 44 days
during which daily activity patterns were monitored and on other days
when snakes were located for home range computation. Snakes used G, '
breviceps bureows (80.9%), decayed or burned stumps (15.4%), or D.
novemcinmis burrows (3.7%) as underpround refugia. Based on habitat
data collected at random points (Tabte 2), Scrappin’ Valley had signifi-
cantly higher densities of (7. breviceps burrows (x* = 193.9, df =1, P
< 0.005) and other types of retreats (x° = 10.2; df = 1, P < 0.005)
than Foxhunter's Hili. Compared to snakes at Foxhunter™s Hill, snakes
ai Scrappin’ Valley used underground retreats other than pocket gopher
burrows more frequently (x2 = 20.31, 4f = 1, P < Q.001). '

The percent of &ime an individual utilized underground envirenments
on days snakes were monitored was determined throngh visual obseiva-
sions and making inferences from femperature relafiohships based on the
snakes’ body femperature compared to- air and substrate temperal;ures
Snakes at Scrappin’ Valley (Table |} spent-a sigmficantly lower: prupur-
tion of daylight hours wnderground (43 %) compared to snakes at Fox-
hunter’s Hill (745%) (¢ =19.96, df = .1, P<<0.03). :
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generally involved movement from one G. breviceps mrrow system .to
aother and consequentiy refiect the dispersed dlst:nbutmn of these

burfow systems. ,

Pigiophis ruthveni, during this and associated studies were found fo
move very litde whlle undergronnd in &, Sreviceps burrows, t}'plcaﬂ}r
remaining near the poiat of entrance in the relatively shallow foraging
tunnels. This suggests that P. ruthiveni behave ds sit-and-wait predators
when tunting pocket gophers, rather than actively searching within the
busrow system. Geomys breviceps maintain an intricate burcow complex
that can reach 180 m in length (Schmidly 1983), and they can rapidly
consiruct an earthen plug effectively limiting movement by P. ruthveni
(Ridofph et ab. 2003). These observations sugpest that a si-and-wait
strategy combined with a brief pursuit may be the ﬂmst effective strategy -
to capture {7, breviceps.

Piniophis rurhveni behavior differed significantly, based on three
criteria, between the Serappin® Valley and Foxhunter’s Hill study sites.
Snakes at Scrappin’ Valley moved more frequently, moved greater
disiances, and spent less time underground compared to spakes at
Foxhunter’s Hill. The Scrappin’ Valley site was also characterized by
a greater density of both & brevicgps burrows and cther types of
refreats compared to the Foxhunter’s Hill site. It is possible that the
greater availlability of subferranean refreats ai Scrappin’ Valley resnlted :
in fewer restrictions on above ground activity by P. ruthveni. The
greater availability of &. Areviceps burrows and other subtecranean
retreats (primarily burned stump and root channeis) is presiimably
related €o the more frequent pre:scnhed fire reglme at the Scrappin’
Valiey site.

The use of sublerranean retreats during the active period of the year.
provided P. ruthveni with predictable escape from excessively high air
temperatures. Conversely, snakes also had direct access to basking
opportunities on the surface that allowed the snakes {0 maintain a higher
body temperature during substantial periods. This general paitern is
similar to the results of Himes et ai. {2002) for this species in northern
Lorisiana.

The diel activity budget uf' P. ruthveni reveals a species that is diuenal
and semifossorial as is generally typical of other members of the genus
it the United States (Fitch & Shirer 1971; Parker & Brown 1980; Sweet:
& Parker 1990). The importance of burrows of Baird’s pocket gophers.
when combined with previous data and observations (Rudglph &
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Burgdorf 1997; Rudolph et al. 1998; 2003) supports the hypathesis that
P. ruthveni is dependent on G. breviceps and ultimately on a frequent
fire regime that mainiains the herbaceous vegetation that supports .
breviceps populations.
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PREY HANDLING AND DIET OF LOUISIANA PINE
SNAKES (PITUOPHIS RUTHVENI) AND BLACK PINE
SNAKES (P MELANOCLEUCUS LODINGI), WITH COM-

PARISONS TO OTHER SELECTED COLUBRID SNAKES
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Abstract. Liet and prey handiing behavior were determined for Loulsiana pine snakes (Pitwophiz ruthvens)
and black pine snakes (P melanoleucus Iodingd). Louvisiana pine.snakes prey heavily oo Baird's pocket
gophers (Geomvr breviceps), with which they are sympatric, and exhibit spécialized behaviors that Facili-
tate handling this prey species within the confines of burrow systerns. Black pine snakes, which are not sym-
pawic with pocket zophers, did not exhibit these spectalized behaviors. For comparative putposes, prey
handling of P sayi savi and Elaphe ofseleta lindheimeri was also examined.

Key Words. Diet; Geomys, Pituophis melahofeucus lodingt; B ruthveni; Predation.

The Louisiana pine snake {Pituophis ruthvents
and the black pine spake (P melanoléucus lodingl)
ate two faxa of conservation concein with limited
distributions on the Galf Coastal Plain (Sweét and
Parker 1991). Both have fossorial adaptations,

* including thickened rostra) scales and skeleta) mod-

ifications of the head region (Knirht 1985;

Reichling 1993). Pituophis ruthveni is a rare species

confined to eastern Texas and western Louisiana

(Collins 1991 Conant 1956; Reichhing - 1995, -
Thomas et al. 1976} It is clasely associated with -

longleaf pine {Pirns palustris} savannahs of sandy,
well-drained s0ils {Rudolph and Burgdorf 1997,
¥oupg and Vandeventsy 1988). These commminities

IPresent address: Mevada Divisign of Wildlife, Sontherm
Fegion Headquarters, 4747 Vegas Dirive, Las Vegas,
Hevada 59105, U34

-are maintained by frequeni, low intensity ground

fires {Komarel 1968; Plakt et a). 105, 1989), Dats
obtzined in an ongeing radictelemetry study of £
ruthveni (Rudolph and Burgdorf 1997: Rodalph et
al. 1908} demonstrated a closs asseciation with bar-
row systems of Bajrd’s pocket gephers (Geprns

“Breviceps). Pltvophis st lodingd oecupies a similar-

ly restricted range on the lower Galf Coastal Plain,
from-extreme easters. Lovisiana 1o extreme westem
Florida (Sweet and. Pasker 1991). The ecology of

-Pitwaphis m. lodingi differs substantially from thas

of P ruthvent in that its range is allopatrc with that

-of pocket gophers except in the extreme éastern part -

of its range where it intergrades with B #. mugiing.
In this Timited area. it i svonpatric with the south-
eaztern pocket pepher (G pinetis).
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Prey handiing by constricting shakes i a
behavioral pattern: that has a long evolutionary his-
tory (Greene and Burghardt 15978). Hisaw and
Gloyd (1926), Willard {1977), Greemwald {1975)
and de Queirez §1984) have described the basic pat-

tems of constriciion in the genus -Pifsophis and. -

descobed variation io constriction behavior depend-
ent an prey type and the physical setting in which
consiriction takes place. Pifwophis is capable of sub-
stanfiz] plasticity in the use of constriction (0 subdus
a variety of piey species and, unlike many othes
colubrid geners, exhibiis a strong teadency o use
pironing to subdue prey, especialy elatively small
or inactive prey {Willard 1977; de Queiroe 19843

In an effort o betier understand the écology of

these rare taxa, we obizined data on diet and
observed foraging and prey handling behavior both
in the ficld and in the labaratory. For comparative
purposes we alio observed prey handling behavior
of P sayi sayi, a closely refated congener, and
Elgphe obsolete lindheimeri, 2 sympatric constric-
tor without fossorial adaptations.

MATERIALS AND METHODS

Data on diet in the witd were taken from fecal
samples obtained from wild caughi £ rutfvent and
B . lodingi specimens held in the laboratory for
ransmditer jmplantarion or from dissection of dead
amimals. Hair, teeth, claw, bone, and eggshell were
extracted from fecal samples and identified by

companson with a reference collection obtained |

from local animals. Hair samples were compared
microtcopically to the hmited oumber of small

mammal species cecurmng locadly. Tooth and claw .

samiples were comparad macroscopically to avail-
able museurn specimens and to remains of animals
fed to captive spakes. Two addiiional prey records
for B ruthveni and one for P om. lodingi were
obtainad during field obsarvanons of radic-trans-
mittered animals.

Given the importance of pockel gophers in
their diet, we hypothesized that P ruthvent may
exhibii efficiem behaviors for capturing “subter-
ranean prey. Fo test this hypothesis, we set up a
large agquaoum (130G x 38 cm) with 2o
plexiglas inzerts thai defined a &-om wide space
around the perimeter of ¢he agquarium. The space
was filled with slightly moist sandy Joam soil io.a
depth of 40 cm. The soil provided a space wirhin
which Baird’s pocket gophers could construct a

1aterior |

burrow system. The 6rem soil width resulied in ihe
interior of the burrow being vizible (o an obsarver
from ouiside the aguariem or by locking from

¢ above through the plexiglas inssit,

For each trial a pocket gopher was 1ntrﬂduced
inte the aquanum ard given time, $-2 h; to cofi-
giruct a burow systeta 2—4 m e Iength. A snake
was then iniroduced onto the soil surface adjacent

to.an open burrow entrance Ieft unplugged By the

gopher, or epened by the obseivér, The resulting
behavion of the gophber and snake were observed.
The procédure was repeated 20 dmes with 14 indi-
Videal P orrthvent and 11 tirmes with nine individeal
£ . lodingt. Tials were also conducted six times
with two Bullsnakes 48 o savf), and 12 times
with seven Texas rat snakes (Efaphe obsoleta lind-
heineri). All snakes, except foi the B m. lodingi,
were froim areas of synpatry with pocket gophers.
These ohservanons were compared with prey han-
dling behaviors observed in cages (28 % 28 x 56 cm)
that provided inférmation on prey handling in con-
dinons unresteained by bumow walls. .

A 2 test with Yates® correction for small sam-
ple size was used to compare predafion success
among selected snake taza. To avoid a violation of
independence aimong sarmples due to repeated inals

of individual snakes, we swamistically analyzed e -

datz using only the first inal for each snake.
RESULTS

Baird's pocket gophers were the major prey
itemn {10 of 22) of 2 rutfiveni represented 1w the
data set {Table 1), A minirnum of 18 of the 22 prey
items (pocket eophars, moles, and turtle eggs) were
presumably obtained frem. subtervanean sites.
Small sample size precluded analysis of prey cormn-
position by snake size or sex, Unly seven prey
records were obiained for B om. Jodingd, predom-
nately small mammals £ Takle 1)

Al four taxa used coils for consfriction when

handiing zmall mammalian prey in open situations
(cages). In a total of 35 (11 B, ruthvend, 11 £ m.

odingi, five P 5. savi, and eight E obsolera) guc-

ceszful oalz condected in cages lacking obstrue-
tions, all taxa exhibited similar prey handling
behavior (Table 2). All four taxa skruck and grasped

prey in their mouths, placed one or more fell coils

arcund the prey, and maintained their grasp with
mouth zad coils uniil the prey appeared dead: Ina
few mstances, snakes released thewr mourth grasp

4
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TABLE 1. Prey of Prtugphis ruthvernd and B melpnolew-
cus fodingf as determined frorm field observations, analy-
ses of fecal samples, and pastrointestinal traci comtents,

Taxon n

Fituophis ruthveni
Licomys freviceps 1
Scalopus aquaiicus
Feromyscns sp.
Sigmodon hispidis
unid. mamemal
turtle eggs<

=]

o b = =g

F m_lodingt
Sigmodon higpidus
Peromyscws sp.
Stheilagus sp.
Cofinus virgintanus {eges)
speder

LR T T I

*probably Frachemys roripta, based on size and habitat

before the prey was dead, but only after 1 was
immyobile. Small mammal prey used in these tals
were an assertenent of G Breviceps, Perompscis
spp., Rattus worvegices, and Sigmodon Rispidis.
All prex were readily accepted with one notable
exception. Three individual P m lodingf refused
Gregrnys during five of six toals,

Frey handling behavior within buffow sys-
tems, hewever, vared markedly across raxa ¢Table
2). Pitwophis ruthven! teacted o the occupied bur-

row systems immediately, presumably due to abun-
dant prey-derived chemical cues. In all wials the
snakes procesded at 2 rapid rate through the burrow
system untl contact with the gopher. On ondy one
of 20 frials was the gopher able to back{ill the bur-
row sufficiently to prevent the snake’s advance.
Pitpophis ruthveni confronted with a backfilled
burrew: initiated vigorous and powerful probing
motions with Us head and neck and was generally
able to breach the barser. Once contact was made
with the gopher, ihree slightly different methods of
prey bandling ocenrred: (1) the snake rapidly pro-
ceeded past the gopher approximately a third to half

. “of the snake’s total length and pinioned the gopher

by muscuiar kinking of its extended body  (Fig.
1AY, (2) die snake rapidly proceeded past the
gopher, doubled back, and pinioned the gopher
nsing bao lepgths of 1ts body (Fis. 1B); or {3) the
snake buiefly (< 2 s} grasped the gopher in its
mouth umii) the snake posidoned two lengths of its
body In place as in (2) above. Only in method (3}
was the spake’s movth used, and then only for 1 or
2 5. Otherwise, a snake’s head wag located severa)
centimmeters from the gopher und! the sopher was
dead, or neady so. Pirwophis 5. savi behaved simi-
tarly in al} frials involving gophers in burrow sys-
tems {Table 2: of. Hisaw and Gloyd 1926,
Pituophis m. lodingf veacted differently (Table
2). Inwine of the 11 irals P m. lodingi either refused
wo.enter the burrow system, or entered but procead-
ed in = slow and deliberate manner. Individuals typ-

TAELE 1. Foraging bebavior of selected snakes within baguws of Baird's pocket gophers and in open sitvations.
AbBroviations Used are Pr = Pitugphis ruthvend, Ps = P sayi savl, Pm = B melanoleicus fodingd, Bo = Elaphe obsalate

findheimers,

Taxon n Svccessful Attempts  Pursuit Rate Mouth Ufsed Constriction*
Trall  All Trials  Slow  Rapid Yes Mo Yes e

Burrow Trals . .

L3 14 12afl4 190l 20 0 1% { 1o 0 19

P o Leafd 2of 13 i i 1 1 I 1

Ps 2 2of2 Gofd b ] a & 0 ]

Eo 7 3cf7  Tofl2 20 7 & 7 a

Cpen Toals -

Pi 11 H of I . NA 11 kE 11 0

Fm 3 2of3 Gof Il Na 3] {3 o 0

Ps 2 2of2 Sof 5 Na 3 i3 5 0

Eo 7 3ofd Bofd A 8 0 8 0

*see text for defindticn

**incledes bwo trials in which mouth grasp was wsed for < 2 5.
“*Thres individual £ . fodingf 1efused G. breviceps & total of five times.
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Figure ¥ Prey handling behavior of Pinephfs ruthvend during trial interackions with eamys breviceps showing gépher
pinioning (A) by muscular kinkisg of the extended body and (B) by wsing two Iengths of body.

ically deubled back zither befors or after contact
with the zopher, retuming to the surface of 0 an
unoecupied portion of the burow system. Giten, e
eopher bad detected the advancing snake and back-
filled the bumow with soil, preventing actual contact
by the time the stowly advancing snake amved. In
none of these wials did the snake inifiaie a predato-
ry attack om the gopher or atteampe to breach the
byacldill bariers. Two trialz, bath by the zame snake
that bad previously 2aten a Geomyy in the cage io-
als, wera successful. The first successisl ivial rasem-

bled fhae of an E, obseleia (zee below). However,
the second successfel irial resembled (hai of a P
ruthveni. The P m fodingf moved fairly rapidly
theough ihe burrew system, did pot use its nuonrh g
grasp the Geomys, and made ¢ attemnpt 10 use coils
13 conskict the prey. Subjectively, this individual
seemed less proficient than B rurhvent throughout
the prey handhng sequence. : '
Flaphe o. iindheimeri behaved differently from
all Pitwophis (Table 23, Elaphe o. lindheimeri read-
il¥ enferad the Burrow systeme in appareat pursoil
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of the zopher. Movements were slow and deliber-
ate, in marked contrast to those of P ruthveni apd P
5 sayi. The gophers had often detected the advanc-
ing snake prioy to its wTival and initiated vigorous
backfilling of the bumow, Backfilling was often
successfal (Ave of 12 trials), and the snake was

unable to penetrate the blockage and aitack the .

gopher. If the snake arrived prior o backflling, or

was able to penetrate the blockage and auack the -

gopher (seven of 12 trials) the snake then grasped
the gopher in it's mouth and maintained this hold
while attempting to congiptet the gopher in the con-
fimes of the burrow system. These attemipts,
although always successful, appeared awkward.

The snakes eventmally succeeded in killing the
2opher by obtaining & partial coil apdfor pindoning -

the gopher against the burrow wall, typically at the
end of a burmow or at 4 sharp bend in the passage,
with the anterior portion of its body.

Based on the first wrial for each snake, P
ruiftveni was more successfol thap either £ m
fodingt (32 = 2445, P < 0001} or E. o lindheimeri
£ =638, P = 0025} in captoring G. breviceps
within the confines of a borrow system. Sample
size was toc small to compare B 5. sgvd sucoess.

A field observation of £ ruthveni captoring a
pocket gopher, although representing only a partial
sequence, is consistent with the above tials. On 16
Angust $999 a {4 m female B ruthveni was located
with 15 em of its tail protuding from 2 pocket
gopher burrow. Its tail was subsequently retracted
into the burrow. Severa] minutes later a portion of
the smake’s body broks through the soil suiface
approximately 1.5 m from the burrow enfrance. A
strugghing G breviceps was held in 2 foop, ot 3 full
coll, of the smake’s body. The surface breach was
presuinably 2 result of the pressure of the snake’s

kinked body breaking throvgh-the relatively thin {5,

cmi} overburden. The snake did not have a secure
€0l around the gopher and the spake’s head was naot
visible. After approximately 3 min the snake was
able to retract its body and the gopher underground.
Baoth anteror and posterior poridons of the snake
were intermitiently observed for an addidonal 22
min. The gopher was not ebserved again.

DESCUSSION

The prey of Piraophis spp. consists primarily
of smalfl mammals (Sweet and Parker 1991, The
data reported here for P orothveni and E v lodingi

are consistent with these reports. The prominence
of pocket gophers in the diet of P ruthveni is con-
sistent withi the close associabion of B rethveni with

- pocket gopher burrow systems. Telemetry studies

{Rudolph and Burgdorf 1997; Rudolph <t al. 1998)
have demonstrated that P ruthveas present on the
surface are most frequently in the immediate vicin-
ity of a pocket gopher burow system. Pockes
gopher burmow systems are the main shelizrs during
the active season, hibemation, and escape from fire.

The importance of pocket gophers in the diet of
P ruthveni may be associated with the small clutch
size (mean = 4 and large hatchling size (mean =
54.4 e} of this species (Reichling 1990).
Remarkably large hatchling size may be an adapia-
tion to reduce the amount of bme and growth nec-
assary k0 teach 2 size sofficient o allow predation
on pocket gophers. This strategy might have a

“selective benefit because of the paucity of small

mammals iv sandy npland sites in west Guif
Coastal Flain longleaf pine savannahs..

The reluctance of F. m. lodingi to prey on
pocket gophers in this study niay be due to the Jack
of sympatry between these two taza. The relative
contribution of genetic and learned components to
this behavior is unknown. Compatable data from £
m. mugitus from areds to the east of B . lodingi,
where it 15 'sympamé with Geernys pineits, wonld
be of interest,

“The efficiency with which 2 ruthveni and P 5.
sayi handle pocket gophers i burrow systems has
two critical compenents lacking in £ m. lodingi and
£ g. lindheimeri. First, the rapid searching through

~burtow systems reduces the probability of pocket
- gophers backfiting the burovw and precluding suc-

cessful predation. In the loose soil of the expest-
mental system, pocket gophers could backfi)l and
pack the bumow, creating a bumow plug 4-8 em in
length in less thai ¥ min, Pituwophis ruthvent and B
& savi, which possess substaniial excavating abili-
ties (Carpenter 1982; Reichling 1995}, were
delayed for a minute or mere. In a patursl sitoation
this might alfow eritieal time for pocket gopher
escape. Elaphe o. lindheimert, lacking specialized
excavaning abiities, were completely stopped by a
completed burew plag.

Second, the lack, or minimal, use of the mouth
io grip the pocket gopher, combined with pinioning
the prey nsing a kink in the snake’s extended body
tathier than coils, reduces the risk of injury during
prey handling in a confined space (Hisaw apd

i
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Glayd 19263 Efficient prey handling potentiatly
reduces the fime equired to subdue dangerins prey
species. In addition, the shake’s vulnerable head
and neck are a considerable distance from the prey,
further reducing the probability of iojury.

Our resilts suppart the previods hypothesis of
a close association of £ rurkveni and G. breviceps,
and the near restction of P redfvent to longleat
pine savannahs {Rudolph and Burgdorf 1957). Qir
results are also consistent with the hypothesized
cause of the apparent population declines and range
contraciiens of P rechveni o orecéut decades
(Rudolph and Burgdorf 1997). We suggect tha
alteration of the fire regime has resulted in succes-
sional loss of herbaceous vegetation and Conse-

quent declines in G. breviceps populations, the pri- "

mary prey species of B ruffvent.
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’TEM_BER EATTLESMAKES AND LOUESIANA PINE SNAKES

OF THE WEST GULF COASTAL PLAIN:
HYPOTHESES OF DECLINE

I, Craizg Rudolph and Shirley J. Burgdorf
: - Wildlife Habivy and Sifvicalture Laboratory
Maintained in cooperation with the Colfege of Forestry, SFASL)
: Southarn Research Sttion, USDN Forest Service
' Macogdoches, Tewas 755962

Abstract. —Timber rattlesnakes (Croralier Rorridust and Lonisiana ping snakes {Pluaphis .
melanofevcns risthveni): are large-bedied snakes eccurming on the West Gulf Coastal Plait.
Both species are thought to be declining des to increasing habitat alteration. Timber
rattlesnakes ofcur in closed canopy hardwood and pine-hardwood forests; and Lounisiana pine
snakes it pine forests on sandy, well drained soils. While various factors are probably
involved in pepulation declines, this study examined one factor for each species that may
have widsspread consequences for population viability. Resulls obtained in this study
support the pidmige that fimber cattlesnakes are volrerable W mortality associated with coads

_.and vehicular traffic. Data and discussion are presented suggesting that papulatiops are

_negatively impacted in arcas of eastern. Texas having 2 high road density. Convemely,

Louisiapa pine snakes appear fo be affected by changes In the five regime which has altered
vegetation structure resuliing in deceeases in pocket gopher {Geowys breviceps) density.
Decireases in gpopher densifies are further hypothesized o result in decrease or extipation of
pite Enake populations.,

“Timber rattlesnakes (Crotalus horridus) and Louisiana pine snakes
(Pituophis melanoleicus nsifvent) are large-bodied snakes with low
reproductive ratés. Thus, they are vuinerable to population decreases
due¢. fo habitat rodifications and increased mortality rates. Anecdotal
evidence suggests that both-species are declining on the West Gulf

. Coastal Piain (Conant 1956; Young & Vandeventer 1988; Brown 1991).

Consequently, the Texas Parks and Wildlife Department has listed the
timber rattlesnake as theeatened and the Louisiana pine snake as
endangered ‘in Texas {TPWD 1992). In an effort to understand the
biology of these two spécies and elucidate factors that are potentially
respingible for the presumed poputation declines, radio-telemetry simdies

- of both species were initiated.

‘Both species are undovbtedly subject to a variety of human induced
impacts that have reduced populations and resulted in extirpation of tocal
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 i, Annouad home range size (hia} of adh “iber rattlesnakes in eastern Texas,
T A
Snake Minimum Convex Harmonic Mesn
: . Folyeon 45% Cantour
TX 1 (mals) 1054 1337
1993
TX 1 {male) 113.6 148.3
M |- =
T 2 (male) 212.8 256.7
TX 3 (female) 19.5 22,1
TX 4 {female) 2.2 15.3

dectines on a landscape levet.

 Timber rattlesnake ecology.—=Timber rattlesnakes on the Gulf Coastal
Piaini are typically associated with hardwood and mixed pine-hardwood
forests (Martin 1992). Exiensive areas dominated by longleal pine
(Pinys palustris) are, generally not occupied (Mouni 1975; Dundes &
Rossman 1989} This general pattern is consistent with observations
made in eastern Texas during shis study.

Timber ratflesnakes are classic anbush predators, often spending up
to several days in. a given position waiting for prey to pass within
striking distance. Foraging snakes frequently assume positions adjacent
to logs, tiee trunks or.other structures that may be nsed as travel
corridors by prey species (Reinert et al. 1984; Brown & Greenberg
.1992). TJuvenites occasionally. climb trees to heights of 15 m, and may
remain: in rees for several days {Szenz et al. 1996). Prey typicaily
_consists of smali mammals up to the size of squirrels (Sciurus spp.) and
rabbits (Sifvalagues spp:) {Klauber 1956).

. Preliminary radio-telemetry results. document the Jarge home’ ranges
of adult male timber ratélesnakes in eastern Texas (Table 1). Adult
females have substantially smaller home ranges. The dverage annual
home range size {Harmonic Mean 93% contour} for adult females (1%
ha) is miuch smaller than that of adult males (176 ha). Juvenile snakes
have generaily smaller home ranges than adult females. The difference
in home ranpe size between adult females and adult males is primarily
due. to differences in movement patterns associated with bresding
activities. .. : . '
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Table 2, Aversge daily distance moved {n., _ f adult male and female timber atiespakes
during the mating and non-mating season,

- Snake Noo-maling dating
'1 {1 Mar.-13 Aug) (16 Aug_-1 Nov.)
TX 1 {male) ™ . 272 1.0
1993
TH | (male) 35 9.3
Coe19d :
TH 2 (mals) 25.0 B5.6
TX 3 (female) g L} 123

TX. 4 {female) 17.7 15.9

Based on observations of pairs in close association, actual mating, and
movement patterns, the mating season of titnber rattlesnakes in eastern
Texas is from mid-August vntil movement to the hibernacula, generally
late Ogtober to November. A marked change in mevement patterns of
adult males, but not adult females, occurs ai the imhation of the
breeding season. Prior (0 the breeding season adult snakes move
relatively short distances and spend extensive periods, often several
days, at & given location. Females continue this behavior throughout the

active season.  This patiern 15 presumably driven by ithe ambush
- predation strategy employed by this species (Reinert et ai. 1984).

Commencing with the inisiation of the mating season, the movement
patterns of adult males change dramatically. Throughout the mating
season adult males move more frequently and move longer distances
than, adult females, or adult males prior to the mating season. This
pattern is-documenied by the average distances moved per day by males
and females prior to, and during the matiang season (Table 2). Based on
approximately once per week telemetry locations of individwals, 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 fwo periods (17.1 vs
14.0 m per day}. This behavior of adul males during the mating season
resulés in movements of 1-2 kmn per week, traversing loops up te 2 km
in diameter.

C'a.';:ses af mortality and population decline.—Many factors undoubted-
ly contribute to mortality and population declines of timber rattlesnakes
{Brown 1993). Factors associated with human development have pre-
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sumably had a detrimental impac(._s timber ratilesnake populations,
especially in recent decades {Brown 15983),

Habitat sheration due fo changes in land use patterns have had a
generally negative impact on tisber raftlesnake populations dhroighout
their range. Urbanization and agricultural development have elimipated
the species from much of its historic range {Brown 1993). In eastern
Texas urbanization is not as exiensive as in some areas, and agriculiure
(pasture and row crops) have declined in recent decades. Commercial
timber production lands are subject to harvesting-related disturbances,
often on short rotations, that have unkoown impacts on timber
rattiesnake populations.

Anecdotal evidﬁﬁte_suggesm that direct killing by humans is sub-
stantial on the West Gulf Coastal Plain, but data are lacking. Rattie-

snake. roundups, important sources of mortality for some ratitesnake

populations, probably have little impact on timber rattiesnake popula-
tions in Texas due to legal protection and the difficulty of collection
compared o offier ratilesnake species. Most human-related mortality
reported to the authors is associated with timber harvest activities,
incidental encountars during various outdoor activities, and especially

~with snakes enconntered on roads,

Norihern populations are subject (o massive mortality through direct
Killing by humans at communal hibernacula (Galtigan & Dunson 1379;
Brown 1993). Moriality at the den sifes is higher on adult females due
to the teridency of gravid females to remain in the den vicinity during
gestation {Brown 1991}, In eastern Texas typical hibernacula consist of
armadillo {Dasypus Rovemcincius) burrows, decayed stump holes and

. associated root channels’ and beneath the root masses of wind tilted

trees. No instances of more than one individual at 3 hibernation site was
observed during this study. Consequently, hiberaating ratticsnakes in
eastern Texas are not particilarly vulnerable éo human predation at their

"hibernaciula.

“The road mortality hypothesis. —Road networks and substantial vehicle
traffic are significant causes of vertebrate mortality {Ehmann & Cogger
1985: Bennett 1991}, In the United States Lalo (1987) estimated verte-
brate mortality on roads at one million individuals per day. Raulesnakes
are particularly susceptible fo road associated mortality since they suffer
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from intentional kilting due to thei:iw-ai];mﬂmic value and humans® peneral
negative opimions of snakes (Adams et al. 1994).

. Enc&:unte:rs between timber rattiesnakes and humans in eastern Texas
frequently occur onroads. Of 36 individuals recorded in that study, 16
were of snakes crossing or dead on roads.

Aspects of timber raitlesnake biology influence the patterns of road
asgociated mortality. Human encounters with éimber rattlespakes in
eastern Texas, in general and on roadways, are more frequent in late
snummer and fall. This corresponds with the mating season, suggesting
that the increased movements of adult males during this period are
responsible for this pattern. Of 21 individuals of known sex recorded
by the authors from roads during a three year period, 15 were adult
males. This pattern is a potential causs of the skewed sex ratio in favor
of aduit females at the radic-telemetry study site. Alithough the sample
size is small, adult females captured {o date greatly cutnumber adult
males (8 females, 2 males).

. Recent records of timber rattlesnakes were obtained from an 18
county :arca in eastern Texas. These records indicated that their
distribution in the region is primarily associated with the fioodplains and
adjacent uplands of rivers and permanent sireams. Preliminary radie-
telemeiry results indicate that the snakes are primarily using the uplands -
adjacent o floodplain habitats. Extensive areas of simailar upland habitat
not adjacent to rivers and permanent sfreams currenmtty support few
timber rattlesnakes. Differences in density of roads show a similar
patéern; i.e., road networks are most dense in the upland areas not
adjacent 19 permanent rivers and streams.

These observations suggest that timber ratélesnakes were more wide-
spread on the landscape in the recent past. It is therefore proposed that
development of dense road networks and associated vehicular traffic
have resulted in the extirpation or major reduction in timber rattlesnake
populations over much of the eastern Texas landscape.

This hypothesis was tested by comparing total tengths of roads within
2 and 4. km of recent rattlesnake locality records with random poings.
This analysis was first accomplished for the entire 18 county area in
easters Texas. It 1s possible that umber rastlesnakes are always
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. Lr Table 3. Towal toad lengths (km) within 2 J4 km of all snake collection points aad
' ’ random peints, and snake collection points and sandom peints within 3 km of permanent

strzams.
Snake Foints Random Points Prob.
All Paints _
Totat Boads 465 T.0t =25
wiin 2 km B < 0.0001
Tolal Roads . 15.43 2144 f=-2.68
wiin'd km ’ F < 00083
Points wiin 3 km
of Permanent Streams
Total Roads 4,20 .82 ¢ = 387
win2km . 7. F < 00003
Touil RBoads 13.22 23.70 t=-578
wiin d km - F o< 00001

restricted to forested habitats adjacent to rivers and permanent strearms,
although the preliminary radic-telemetry results suggest otherwise. To
avoid the necessity of the assumption that timber raitlesnakes were once
widespread on the eastern Texas landscape, the daia was reanalyzed
restricting consideration to the subset of the data {snake locations and
‘controis) located within 3 km'of rivers and permanent streams. In both
analyses {Table 3) a highly significant relationship was found. Recent
iimber rattlesnake locations have a tower density of roads within 2 and
& km than do random poinits. These resulis support the hypothesis that
development of dense road networks and resniting vehicular traffic have
~ significanily reduced timber rattlesnake populations . eastern Texas.

Leuisiana pine snake ecology.—The Louisiana pine snake is possibly
‘the least understood of any large snake of the United States due fo their
limited range, exireme rarity and secretive behavior. They are large,
-~ gemi-fossoridl constrictors with a range restricted to eastern Texas and
* wvesfern Lovisiana (Conant 1956). Lowuisiana pine snakes are generally
- associated ‘with open .pine Torests, especially tongleaf pine {(Pinus
palusiris), and sandy, well drained soils (Young & Vandeventer 1938).
An agsociation with pocket gophers (Geomys breviceps) is frequently
noted in the Literature (Young & Vandeventer 1988; Sweet & Parker
1991). Data derived from captive breeding programs indicates a
remarkably small cluich size (3-4), the lowest of all the subspecies of

© Pitupphis melanolevcus (Reichling 1990).
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" Preliminary reésults of Gn—gﬂingﬁaaiu—talemeUy studies 1n Lomsiana
and Texas indicate a moderate home range size averagiog 27.7 hectares.
In the pine uplasid habitats dissected with 2 network of small drainages,
" pine _sn,é:'ke activity 18 heavily concenirated on the low broad ridges
-overlain with saridy well drained soils. Vegetation typically consists of
‘& pine overstory with moderate to sparse midstory, ang a well developed
herbaceous Gnderstory dominated by grasses.

An extremely-close association with pocket gophers 18 supported by
“observations made during the course of this study. The distribution of
Lonisiana ping snakes on the iandscape, concentration on sites with
‘sandy ‘well drained soils, matches that of pocket gophers (Davis et al.
~ 1938; Sulemiich et al. 1991).. Most Louisiana pine snake telemetry
tocations {approogmately 20% of 5004 ¢ecords) are of snakes in or
immediately adjacent to pocket gopher burrow systems. Individuats
disturbed on the surface frequently retzeat to nearby pockst gopher
- burrews. 1n addition, all 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 af mortality and population decline.—Eouisiapa 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 secretive behavior make any

“conchisions speculative. Intensive trapping efforts conducted during this
study within the historic range suggest that current populations are very
low with'tocal pockets of higher density.

Louisiang pine snake populations are subject to many of the impacts
comimon to other large snake species. Specutation in the literature as to
canses of decline has included habitat alteration, direct human predation,
collection for theé pet trade and road mortality (Young & Vandeventer
1988). Data are lacking to evalvate the relative impacts of these
poteditial causes of population decline.

Alreration of the fire regime Ryporhesis.—Mast of the bistoric range
of the Louisiana pine snake is-still forested. However, essentially the

" ‘entire historic range has besn extensively altered by forestry practices
{Frost i993; Ouicalt & Outcalt 1994). All but a few hectares of the
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original pine forests of the region i.+e been harvested at teast once.
Most of the originat longleaf pine habitai has been converted to other
pine species, primarily icblolly pine (Pinus faede) and slash pine (P
elliottii), due to alteration of the fire regime or direct planting. Rotation
ages usider current silvicuitural practices preclude the regeneration of old
growih forests, and short rotation silviculture for pulp production is
dominant on private lands.

The impact of these habitat alterations on Louisiana pine snake
populations is nof known. Smdies currently in progress are designed to
answer quesiions concerning habitat wse in relation to silvicultural
practices. 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 and abundance also
infiuence Louisiana pine snake distribution and abundance, specifically
that pocket gopher declines precipitate Louistana pine snake declines.
It is further. proposed that the distribution and abundance of pocket
gophers is determiaed in part-by the fire regime, and that changes in the
historic fire regime have had a nepative impact on pocket gopher
abundance. :

West Guif Coasial Plain pine forests, especially longleaf pine, have
. gvolved as fire climax communities due to effects of frequent, low
intensity ground fires {Komarek 1964; Flait ¢t al. 1988). Frequently
burned sites on sandy, well drained soils typically support & piae
dominaied overstory, minimal midstory, and a well developed herba-
ceous understory {Bridges & Orzell 1989). Alteration of the histeric fire
regime has been widespread (Frost 1993). Fire suppression has reduced
the frequency of fire, and the substimtion of prescribed fire for wildfire
has changed the seasonal oceurrence. The result has beer a widespread
encroachment of woody vegetation forming a dense midstory, and the
- suppression or virtual elimination of the previously well developed
herbacecus understory (Frost ef al. 1986; Bridges & Orzell 1989).

Pocket gophers feed primarily on subterranean portions of herbaceous
plants (English 1932; Sutentich et al. 1991). The widespread decline of
. herbaceous vegetation in West Gmif Coastal Plain pine communities has

- presumably reduced pocket gopher abundances. Although there may be
. problems with this approach (Andzrsen ¥987), this study used pocket
-gopher smound densities as an index of pocket gopher abundance. Pre-




RULMILPH & RURGDORF : 119

15

Mounds f ha

10

e
Poor habitat Good habitat Excellent habitat

' lﬂcréasad huminﬁ

Figurs 1. Hypothesized relationship betwesn effectivencss of buming and pocket gopher
{Geonns breviceps) density based on preliminary dats on mound depsity.

. liminary data suggest that habitats that have a vegetation structure typical

~of fire climax cenditions {well developed herbaceous stratum) support
higher gopher densities than sites where fire has not been sufficient to
suppress woody vegetation and prevent seduction of the herbaceous

stratum (Fig. 1). '

'F\irﬂ]'ér confirmation of the relationship between pocket gopher densi-
ties and the fire regime would support the hypothesis that pocket gopher
population. declines in West Gulf Coastal Piain pine habitais have
resulied in the apparent decline of Louisiana pine snake populations,

CONCLUSIONS

Two hypotheses have been presented for the apparent population de-
clines of two large snake species on the West Gulf Coastal Plain. The
first is that development of a dense road network and associated vehicu-
lar traffic have led to the. elimination or decline of timber rattlesnake
populations throughout the region. In the case of Louisiana pine snakes,
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it is proposed fhat changes in the \_,,1;3 regime have reduced pocket
gophar densities and thereby led to a decline in pine snake pupulations.
Preliminary data were discnssed to test these two hypotheses.
Hopefully, additional dasa will be forthcoming to critically test these

hypotheses.
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"7 hreeding season, males searched for mates while

OB nigrarion
oules to the stream (Taujr and Kawamichi 199603, ang they alsa
ocezsinnally waited For famales on shore araund the poal acnighr,
3uch moles muy be able 1o intercest Aewly amtving females o
the pocl. In general, the mules of explesive bresders aczur widely
aound the edges of ponds unet SPAWNING CoRnences, whers-
Upion they conesncrate arounel ovipesition sites (e Brfer bugin,
Davies und Halliday 1979 fana svivatice, Howard 19800, A)-
theugh this was seen sccasionally in 8. fetrrentficody, males mare
ofter searched and struggled for mases in e deeper parts of tha
beezding pool. However. lone femalsy commonly were found in
shallow water asar share, and paseedt females were most often
fouad at the communal oviposition site.

Breeding adult 8. rorrenricole showed predominantly nocrer-
ral uctivity: both sexes wers more abundant (Tsuji and Kowomichi
19%40) and mars wideby distributed i the pool ak might than duar-
ing the day, and alraost all toads at the surface or on fand wers
found ar night, During the day, hewever, manmy sads were fornd
18 the relagvely desper pass of the pood. The diurpa arzeding
uetivity of B. iorrenticols may be ussocisted with the Barly hreed-
ing in spring, color dimorphism in visnal mage fECOFMmian (ses
discussion m Tsuji and Kawamichi 1898a), andfor underwatar
breeding, '

Besides 2. torrenticota and members of Fimdae living in the
water, underwater breeders ae known for the wmifed frog, Arcaphus
muei{Jameson 195357, and the J apanese steam-treading frog, Rang
safurafl {Kusano and Fukuvama 1958), both breeding in fast
flowing streams. Thus, snderwater bre=ding tehavior is consid-
exed to have evolvad independently among anursn groups. The
possible benefies of brseding on fhe botom of fast-flowing streprne
ineluds: 1) deldy oxyeenared walers; 2} low memholic dermands
fn relatively cold water; 3 eelatively atable water temperagure: &)
mo Ganger of drying; and 5) predarcr avoidance (see Olson 1989),
(a1 the oiher hand, possible costs are testricsed Ecnviey in the water
and zisk of the egas heing washed away. For twe Japanese npder-
water bresders, & rorrensicola and 7 saaurali, (ke most striling
adapiaticn fo underwager treeding is enlarged dorsai skin of males
{Masda and Marsui 1989 pers. ohzery ) shat might assist cutane.-
s respyation in the waeer and allow them 1o be wigoronsly ac-
tive there,
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Wildfire and prescribed fire are imparane infliences on pine
ECOSYStemns in ehe southeastern United Stages {Eomarek 1968,
1874 Platr ec al. 1988). Although considerable research o the
impact of fire on vertsbrates dae ro changes in vegeration stze-
tuxe has been reported, the direcr pace OF fire an veriebrates js
not well ‘tnown {Meaps and Camphell 19817, The Lonisiana pine
smake (Plruophis melaroleucis rithveni) ocoupies 2 limited ran e
1 eastemn Texas and western Lewvisiana {Copane 1236; Reichling
19950, Within this range it s generally found on sandy sofls i
longieaf nine (Pinus Palisis) savannas i Yo ung and Yandevenrer
1983). Historicaily these longleaf pine savannas weras maintained
by frequent, low intensity pround fires (Komarek 1968; Plat et
al. 1988, 1989). In recent decades wildfire frequencies bave de-
clined severely due o stppression effors. and mainenance of
these fire climax communities is <urrentdy dependent on prescribed
fire {Coaner and Radolgh 1989: Landers I387; Plagt et al. 1985:
Ya@ Lear 1985).

The association of Lovisiana pine snakes with Jongleaf pine
savannas and the dependence of these savaanas pn frequent fire
suggests that Lonisiana pine snakes have adapted w frequent firs.
The influence of wildfires has declined precipiiously in recemt

decades und prescribed tires have anly mameained » subsiangal

Srosysen role i limiced situarions. We have previously hypoth-
esized ihat these slteradions in the fe regime have resuited in
apoarent declines and focai extireasions of Louisiana pine snzkas
{Budolph and Burgdorf 1997). The massive increase tn woody
midsiory vegetation and consequens dechine of herbaczous veg-
: impact on
pockel zopher popalations | Geomus braviceps) and uitimare! v on
Louisiana pine snakes.

fAerpeteivgical Review 79(3) j908
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Since 1993, radic-transmiters ¢Holohil Systems Etd, 5127
wansmitiers) have been implanied in Lovisiana pine seokes af
variety of sites in Texas and Louisiana using the protocnl of
Weathethead und Anderka (1984). These tranymitiers seovide a
kscatton sigan) that vares wigh teraperature, providing an =si-
mate of snake hody eemperature. Preliminary esults of ongoing
studies demonserate that Lowisiaan pine snakes ae associated] with
sapdy s0ils, savanna hubitats with abundant herbacecus VELRL-
dor, add presence of Baird's pocket gonhers (G, bre vregps). Lo
s pine snakes spend substantisl amounts of dme undermround,
prmily in pocket wopher burcow systems, or coiled o the T
face adjucent to entraneay 1o pocker zopher bumow syseems
{Rudolph etod., unpubl).

Sites where ipstrumented snokes were locaed wers pericdi-
eally prescobe-burned by land manugers, providing in opporm-
aity io obxerve snake behavior dudng exposuse to fire, Habitr ar
all sies consisied of a fongleaf gioe oversiory with a well devel-
oped herbacsous waderiiory deminated By Tluestem
(Schizachyrium spp ) and other zrassas. Mine saakes were loctad

in burp srens durdnyg 199497 Al nine snakes survivedl exposgre -
= E

12 the orescriced fires with qo apparent damage. Six of the snskes
Were XRown 1o Be in the bumed 2réas” but were not under chsep-
vation during the course of the prescribed Bums, and it is mor
known if they were abogve or below zround a7 the tme of the
fires. Three srakes were under chservarion during the course of
ie prescribed fires and observatioas are detailed below,

& prestrbed fire on 25 Febrorary 1994 bumed the area whese
an adult femafe Louisians pine snake was lavated, A1 1155 3 the
snake was cailed on the surface | m downslope from the burrow
1t wged 0 access a pocker gopher burmow systam where i had
fibemated. [f semained jn this positicn wndl the approach of the
e 2t (453 k. bnmediately prior to the passage of the firs the air
iemperatre was 23°C and the transmirter Temperature was 27.3%0C
The approacking fire was hacking downslope at approximately 5
I per min. with flame heights of 3.5-0.3 m. When the fre frome
was approximately 15 m from the sazke, i began maving
dewnslope away from the fire and the hurow entrance, After pro-
Sressing aoproximately 2 m the anake reversed direcrion and
moved toward the approaching fire and imo the burrow. The fre
was M) m distans ag the snake moved undergroucd, The transmits
ter temperanue immediately began io drop from 27.5°C roward
the burmow temperanure of approximately 11--14°C, Bumrow term.
petanzes for this and other observations were 2 stimated from trans-
TMeT temperatures of instrumented snakes [ocated in pocker go-
pher bursaws duning ihe gereral perind of the prescribed fire in
question. *

A preseribed fire on 10 March 1957 burned the area whers two
Louaisiana pine snakes were located. One snake. ap adult famale,
was codled on the surface ag 1143 b, Nmerous pocket gopher
Mmoupgs wers evident bue, 1 avoid disturbing the snake. th By wers
nal investigated im deail. The spake was ia the same position at
1306 b as the fre approached. Air lemperature wis 24°C and
tramsmlirter temoerakure was 27.3°C a3 the hackfire with {13=0.6
m Hame heishts moved downslope at approximaely | m per min.
‘Fhe :nake hagan moving when the fire was 2 m distane and en-
rered 2 bumow approximately 3 m distane. The burrow ETEsHF-
aply ulivwed access o the pocket sopher Dumow syvsiem. The fre
passed over the snake’s burrow entrance at 1352 b, Transmitter
ternperaiues a¢ 400 i) was 22°C and dropping toward ike bnmow
Eemperaie of approximaely 12-16%C.

The sevond snaks observed on 10 March 1987, an aduir mais,
was locxed uk {120 b moviag ouk of 2 debos pile. [t was inad-
verzotty disturbed in the process of being focared und rapidly

Herperological Review 19(3), [988 !

moved upproximitely 30 m and sanght shelter pnder LTO38 covar
It was stifl in this location ot [ 504 h. as che Gre approuched. The
snake was nac visible and wos pot approached closely becaugs of
the risk of distarbing it again. As the fiee approached the spake,
wir lemperatare was 24°C and the tragsmitrer lEmperaie woas
23.3°C, The Are was 2 backfire moving downslepe ar D PTOE-
miely 2 m per min with 0,408 o fame heighis, The snake
mainmined iz position under grass cover upil de flurmey were
within 20 cm #1516 & The snake then emerged from benearh
the grass cover and moved rapidly across the slope, parailel
and approximately (L5 m in fron of the fire. 4 fap moving 15 m
the snake reversed direction and moved 95 m in the opposite di-
reclion seill parsileling the fire frops When redociged ag 1524 1y,
the snske was undergrawnd approximasely 2 m in Froo of ghe
advancing fire. The fire passed over the spake's Postlion at 1533
Iy, Fhie transmitter remperanre wis unchanged at this fme. by
prgan dropping immediately and had reached £8.5°0 by iFiih
Alzer the passage of the fire. no evidence of un eatronce ko a bur-
ow was [ocared, although aumerous pocker sopher mounds wers
in the immediate vicimey.

These observarions sugsest that Lonisiana rine snakas are pat
# 2mcessive =k of dearh or injury berouse of frequent fire in fize
climax pine communiees. Snakes located on the surfage peqe
known burrow sysierns simply fereat underseound, sven if dus
requires moving tWoward the advancing fire. Once undergronnd,
presumanly a the 10-20 cm depth typical of pocket zopher bar-
Tows, they are insulated from the effects of the passing fire, Re-
sults of our telemety studies {Budeipk et al., unpubl ) demeq-
sirace that Lovisiena pine snakes are sndereound, of on the sur-
face within & few meiers of Ymown butrows, a larze majorey of
e time. Given the large differepces ar which the snakes appar
sty detzcied the advancing fires, it i impossitle 10 reasonably
sgeculaeE on the possible cues tha they might be using to detece
fires. It is very possible char different cues are used ig different
SIEUBLEONGS.

2pakes on the sarface and 708 near known busows may be
Feaer nsk. This would cecor origarily whan snakes were mav-
ng substaneial distances: ie. berwesy pocket gooher bumow sys-
terns, or ad soughe iemporary sursace shelger during moves, The
third snake discussed above fits dhis scenano. Fven i this Sifg-
ton, behavior of e pine snake served i minimize sk The
Spake’s immediate behavior wis w0 move 3 safe distaoce Ay
from the fire and then initiate wia appewred o be rapid seareh-
ing for a subkecranean retreat. This behavior dig not cease il
the snake gained an undergronnd rereat, even thotgh movement
OF just a few meters direciy away from rhe advancing fire would
kave emporarily removed the sk

Tie pregcribed fires that have iargely replaced wildfires in Loui-
siana pine snake habirat differ subseantially from historical fires
(Frost 1993 Komarek 1968}, Prescribed fires are tvpicaily can-
ducted in late winter-zarly Sprng whereas wildfires arefwere more
frequent later in the growing season. fa addittor. due to a natmber
of concetns. prescribed fires seldom achieve tha inte nsiey of many
wildfires. These differences oresumably influence the intaracton
of Louisiana pine snakes and fires, TOWevVeT, comparanve datg
are lacking,

The observed behaviors of these Lowsiana pine snakes ars sui
scient 10 reduce the sk of morality or injury to 2 low lavel from
all bt she moss rapidly advencing fires tsar ooeur in the lenglaaf
ping scosvsiem. [o all of the observad instapces the fires wers
relaeively slowly advencing backiites. The potential or mortality
9r imfury io snakes due (o rapidly advaacing headfires is presom-
ably zreater, sspectally for snakes withour immediage access Lo 4
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PRELIMINARY EVALUATION OF THE IMPACT OF ROADS
AND ASSOCIATED YEHICULAR TRAEFIC ON SMAKE POPULATIONS
INEASTERN TEXAS

i), Craiz Rudolph, Shirley J. By rgdorf, Richard N. Conner,
and Richard R, Schaefer,
1L 5 D. A, Forest Service, Nacopdaches, Texas

Absitrace

Roads and asgociated vehicular trafiic have often been implicated in the decline of spake populations. Redicetelemeiny sindies have oo bman bed
vetucle related moradiey as 2 factor in Louisiana pine snake {Pituophis mufwaniy and timber samtiesnake (Crodmius Forrid sy populations in easierm
Tiecat. The Rypothesis that existing road nerworks depress populations of farge snake Species wag fesled using @ trapping protocel o sample 2nake
populalions at five digtances from sead comidoes; 50, 250, 450, 650, and £50 m. Results sugges: thal pepalations of Jargs snake tpecies are reffaced
by 500 or more o a distange of 450 m from mads with troderace nge, Thee was a0 indicaton that ap captures had reached an asymptome ara
distamce of B50 o1, Ona landseape scale, quantification of iha densiry of the road aotwork sugeests that populacions af largs snakes may e depressed
bry 50% or more across eastern Fexas die (6 mad associated morality,
Infroduction

Roads and agseciated wehicwiar teaffic have intreased endmmiush during the last several decades. Adams and Geis (I19R30 estirmated thal the
Unitedt States concained 6.3 mitijon km of roads cucupying &.1 million ha. The impact of these veTy high densities of roads and vehicular iraffe on
veetebrate populations is poorly known, but presumed o be substantial Bennett 19910, Lalo 1987 estimated verlebrate moetality on roals inthe T
5. g1rone million individuals per day. i

Reptiles, including snakes, are pamticulacly vutnerable to maetality assoeiated with roads due fo thelr slow locometion, their prepensity o
thertnaregutate on mad surfsees, and intentional kalting by humans when cbserved oo road zurfaces, The magnitude of reprile mortalivy & high
{Ashley and Robinson 1996, Fowle 1995, Rosen and Lawe 1294, Ruby et al. 1994} butthe population impacis of this mortality are not well ¥nown,

vitmerable to papulatian consequences of road associared fnectality {Fowle 1996, Rosen and Lowe 1994, Ruby etal 1994, Rudalph 1 =i, 190 B).

Hoad mortality of snakes has been ideotified as cangttutiag a “g2ink® for tocal populations {Rosen and Lowe 1994), In castem Tewas road martalipy
hag teen sugpested as the prineary fictor in the [ecal extirpation of timber mofesnake [(Crongius Forrigus) populations (Rudalph et al, 19%%) ané =
signéficant cavse of mortshity in the Louisizna pine snake [Piophts nafeend), Tn order tg quantify the magniude of road associated mortality o
snake populations in easterm Texas, we iniiated strapping survey of snakes adjzcent 1o rads,

Study Arsa

Thig sty was comducted o the Angeling Mational Forest (Angelina and Jasper Counties) in eastern Toxas, The general habitat is pine focest
{Piruy palurits, Potgeds P, ecftingia) managed for timber production. A varizhle mixmee of angiosperm tree spesies oocurs, especially along
drainages. A dense road network exists comsisting of state highways, seeondary highways, and U, 5. Forest Service systerm roads.

Methods

The trapping protocot congisted of ranceets perpendicilar i a wadway. Transecks were Selected, to the exizat possible, ts minimize hahbitax
difftzences within a given thansect Traps wers placed ac 30; 250, 450, 530, and 850 m from the #dge of the road right-of-way, Duc tothe density of
the road network existing on the Angclina Matioral Forest 850 m was the maximeetn lzngih of frznsect thar cauld B¢ ostahljshod. The entire iergth of
cach transeet was ar leasi 850 m ftom other roads to minimize eonfounding impacts io the extent pogsible. On occasion unmaintined “woods® roads
with minimal traffic (<1 vehicleday) crossed the rangect [ing gr were within 859 m of the line. Average vehicle raffic volumes were obtained from
the Texas Deparmient of Transportation and the U, 5. Forest Service,

Twa mansects (A and B) were established adjacent 4o Forest Service Systern Road 303 and 4 unsurfaced caunty road. Thesz zee grave! coads tha
are graded and maintained, and include clsared righis-af-way with drainape struetures and conaw s Average traffic volumes were less than 108
vehicks per day, Three wansects (O, O and E) weere established adjacent to Texas State Highway 63 in Angeling and Tasper Counties. Highway 63 is
apeved two fane highway with paved shoulders, Average mrific volume is epproximatcly 2400 vehicles pes day,

Traps comsisted af a plywood top and boltom 1L2m X 1.2 m suppoeted By wooden uprights £.45 m all. The sides wars soreghed with hardwace
tinth 41,2 mm meshy. A Ringed dodr in the top allewed access. Four funnel Enirances wene constructed of hardwars cloth and wired into the tridpaint
of tach side of the ap. Mimimum funmel diametes was appreximately 4 cm. Hargwaee dlath £1.2 mm mesh) drift fenees were construgted af 61 cm
wide strips buried approximaiely 10 con in e soil Drik fonces extended 15,2 m from each funnei entrance. A water source was placed in each mrap.

Four tramsects (A-DY) wore installed in Taruary-February | 997 and a fifth transect (3 was insmlicd in February 1998, Transeets were apersied
duting 1997 and 1998 from approwimately | March o 31 October. Traps wees choched onon per week and =il animals wete removed. AN spakes
¥rere seturned o the lsbomtory where species, ol lengih, and sex were cecorded, PIT tags [Awvid, Ino.) were implanted and shakes were retumed (o
the capmure sit and released 50 m from the capturs trap the week following capture. Al] subsequent recapiures were reeotded. Recaptired individuals
wert included in (he analyses because nearly a1l eecapterred individuais were su bsegieently caprured in different wraps, including caphires spanning the
vetal sange from waps 5O m o $50 m fom road rights-of-way, Foeall othee vertebraies, specics and number were virzarded, and they were releasad
Immediatehy,

tover of herbaveous and woody understary vegetation {ta | m in height) was wisually estimated withina 11,2 m radius citcle centered o the teap
. Anidpaint. Foliage dansity {honzomtal caver) wag eslimated using a density Board {MacArhur and MacArthor 1961},

The diswiburion of snake CAPLUTES AMONE TANSECTS Was compared within years by heterogeneity 17 I transecs were similar, we prited data within
0 aereisg years and compared teap distences with a pogled ;% 1F the poafed x* indicated differencas AmOng trap locations, we uted simple linzar
PEEression ta Jaok for a frend (pasitive o regative ), .
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Results

Begause the drift femces and traps wend constructed using 3.2 mm mesh hardware clath, very smabl species and individuals were noe captured. A
total of 138 individual snakes diacioding | § secapturesy of |1 species was caprured in 1987 (4 lra.nser:ls} and 136 individuals (including 21 recaptures)
of 13 specied were captuesd i 1998 (5 iransecis) for atotal of 342 captuees (Table 1), Helerogencity p° ansbysis indicated hil withit years the
distribticn of snake taplures w28 sindlar emong rangects and consequantly transeals -wers pooled within and acToss years. [noalfthree cases £1507
snake caphyres, FAOE snake captures, and all snafe capiutes) the peaded %* analysis indicated highly sigadficant difftrences amang raps at diffecent
distances foony roads { Table 23 Semple linedr regresiion was used to search fior linear teends in thece data, [n 1997 snakes and totaf snakes there was a
gignificent hnear tread of positive shope eTable 23 The dara for 1952 did nor reach significance af the 0.05 [zvel, bowever the slope was posikive,

A selbof 397 individuals of 28 species of piher venchrales weee caplured. 250 in 1997 and 137 in 1998 {Table 3} Anurans, lizards, and rodents
(71, 73, and 173 indivilfuals respettively} were the primary taxa capturcd. An axtreme drought pd'csumab]:.l resulied in fewer individuads being
capiuesd a0 1505, These da1a wure anaheaged dn the same way az 1he snake dak {Table 23 Heszeozeneity i indicated dhat the irangects eould be
petiled, and he poaled x° analysiz, was nok signifizant ak 1he .05 level indicating ng signifcant differences amony traps at different dmtancgs from
roads. Simpic iinear regrassion did not detecd a 2ignificent bnear wend in these data.

The number of individuals capiured in relacion 10 distance feom coad rights-ofway foe snakes in 1997 and 1993, and other veriehrates in both years
combined, ase presended graphically ia Fig. 1,

Hahital data aee summarized in Tahle 4. The varation in habitat measures hetween trap Iocations is subslantial. Regression analyses revealed only
theee sigrificant lingar teends in refanon o distance from rowd ceoddons among Lthe 25 sestances examined (5 transects X 5 habirat vasiphles). The
signidicant fegressiong weer seanesed ameng Mres habia vaviablez and 1hnee ranseets, and 1he numencal differendes within these transects wees niot
large.

Biscussion :

The daia support the h}'pl:lllhﬂis that snake maostelity assqoiated willi roads and vehicle traffic redsees the abwndance of Targer snakes for substanial
distances frem road coridors. Snake atundance, infamed from the trep sutcess measured inthis study, is reduced by more than 319 adjacent 10 roads
compated with e abondance 858 m from mads. For all data combined, ap suceess remained Tow up to a distancs of 450 m from road coeriders and
then increased subsiantially.

TFhe combined data did nge show any evidence gf reaching an asympote at the maximum distanes (850 m) fmm mad corridors. Due to the cristing
mad density we wers unable (o 1acate ransecss suitable for quantifying trap seccees af distances greater than 350 m.  Consequendy, we wene unabls to
meagire the full imapacs oF road <aeridors on Sake popalations on the Angelina Mational Farest,

The combined data for sther vertebrate species suppests that rgads and asapeiated vehicolar rreffic are nog having a signifizand impact on
populations of these other spedies. However, thase dara art sumencally dominated by radenis, anurans 2nd 1izacds, species characteciped by shor
grneralion time, rapid recruitment, and small home sanges compared g large snakes, (¢ is not surprising thae we did not detect major impacts on these
taxa given the stale at which we were sampling.  These daia zlse supzast thai the effect thal we ohserved was doe o direce rmortaling o0 larger snakes,
rather than an indirect impact on the prey hase of snake populations,

Althaugh subsiantial habitae vartaton securrsd among frap sites, patedens paalleling the increase in snake captuees with ircreasing distance fom
road corridars were nol strang. Only thyes significant linear regressions among the 23 examined suggests that habiat differences are not résponsible
for the parern of snake captores. Despice the variatien in habitat, nat penersily comelated with distancs from mad comidors, significant pattems wems
still detected in the snake wap daia.

The magnitude gf che imparct an snake popalacions was relacively similar for the high traffic wolume stare highway and the lower treffic volums
forest service systém and county roads. The reason for this similarity is aot immediatcly apparent. It may be that snakes are g0 suscaptible o road
retared morElitr that even moderate eraffic volumes effectivély remove neacly 2lf of those individuals whose horme range, or 3t least core arss, mchde
the coad corridor. Traps al 30 m, and even greater distances, may only be sampling those surviving indrviduals whose home range did not inclode the
mead corridor. In the case of farger snakes, it may be that essentially the full impeet of vehicle relaed modtality along coad comudors Doeurs 2
relasively jow traffic volumes, on the onder of 2 hundred vehacles per day. Addisional data are reqiiced b0 address thiz hypothesis in mere detail.

“the observed deficet in snake capiures, approximately S oui (o distances of 420 m from oad comridors, aond the fack of any indication of
reaching an asyraptole at e maximuom distance sampled (550 o) suggesis 2 very subatantizl impact on srake populations at the fandscape level.
Chuantificagion of the road systzm on the southerm poriion of the Angelina Nacional Forest revealed that T9% of the Tandscaps is within 500 of a
hiphway or Foresr Service System Road. This sugeests that a substantial peopation of the expesicd snake fauna hac been eliminated across the
landscape due o road related monaline,
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TAELE 1. Numbers of snakes trapped by transect and
and 850 meters from edge of read right—of-way.

year at 58, 250, 450, 650,

Trap Distance from Road (m}

Transect Year 5 250 450 850 850 total
A 1997 6 12 14 11 17 60
1998 9 g 10 5 12 45

8 1997 8 1 2 10 i3 34
1998 1 2 2 7 7 14

¢ 1997 3 0 g 12 12 36
1998 1 7 6 1 14 42

g 1997 5 0. 1 4 6 26
1998+ 3 5 0 5 8 27

E 1998 6 8 6 7 7 34
Total 1937 22 23 25 37 48 156
Total 1908 20 32 24 32 .48 156
fotal 1997/98 42 55 50 60 96 312

13}
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TABLE 2. Trend anaiysis of snakes and other vertebraies trapped at varjous
distances from edge of road right-of-way.

Category Heterogeneity x° Pooled »° Lingar Trend’
Snakes 1987 19.6 (P = 0.080) i5.9 (P = 0.003) P =0.02
Snakes 1998 13.7 (P = 0.602) 14.8 {P = 0.085) P =0.08
Total Snakes 39.1 (P = 0.001) 28.9 (P = 0.001) P = 0.03
Total Other 3.9 (P = 0.426) 9.4 (P =0.052) P =0.75
Vertebrates :

1

Probability associated with test of slope egual te zero using ﬁimp]e linear
regressian. .




TABLE 3. - Numbers of non-snake vertebrates trapped by year at 50, 259, 450,
650 and 850 meters from edge of road right-of-way, '

Trap Bistance from Road {m}

Year 50 250 a50 £50 850 totat
1997+ 55 - 5§ 30 55 65 260
1958 29 27 26 28 27 137
Total 84 82 56 a3 92 397

* Transects A0 only.

i3
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Number of snakes and other vertebraies captured at 50, 250, 450, 650, and 8350 m
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TABLE 4. Probabilities associated with re

gression coefficients hetween
habitat variables ang distances from road rights-of-way.

Habitat Variable Transect
i} g C i E
Canopy Basal Area .3316 -3393 .3871 L0273 .3542
Canopy Closure <2580 -8361 . 1942 6042 L0351%
Foliage Density ° L9256 .2504 .9785 L0974 .3373
% Woody Vegetation L1553 .14833 .5554 .2920 L2075
% Herbaceous ' 6376 . 5890 3081 0435+ 0595
Vegetation

* Significant regression (P < G.05}%,

135
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BODY TEMPERATURE VARIATIONS OF THE
LOUISIANA PINE SNAKE (PITUOPHIS RUTHVENI)
IN A LONGLEAF PINE ECOSYSTEM

Jokn GG. Himes!2 and Laurence M. Hardy
Museum of Life Sciences, Louisiana State University in Shreveport,
One University Place, Shreveport, Lonisiana 71115-239%, USA

D. Craig Rudalph and Shirley J. Burgdoré?
Wildlife and Habitat Silvicalture Laboratory, Sonthem Research Station,
8D A Forest Service, Nacogdoches, Texas 75962, USA

Abstract. The tharmal ecology of the Louisiana pine snake, Pitwophis ruthveni, was studied from 199397
i Louisiana and Texas. All snakes wete implanted with temperature-sensitive radiotransmitters.
Temperatures were recorded from snakes located above ground and uodergronnd and were compared
between size and sex classes {juveniles, adult males, adult females). Associated air and substrate tempera-
tures were also recorded. Collectively, body temperatures of snakes were lowest during winter (11.4°C),
increased during spring (22.3°C), peaked during summer (27.7°C), and decreased during antamn (22.7°0).
Seasonal body temperatures were most similar between juveniles and adult males, primarily becanse aduol
femrales had higher body temperatures during summer. During spring and autumn, snake, air, and subsirate
temperatures were geperally 3-4°C igher above-ground than underground. Temperatures of snakes of all
size and sex classes increased from morming through evening and most closely approximated the air and
suhstrate temperatures at 1800 b and 190G b, when snakes were located predomipantly underground.
Temperatres of juveniles and adult males showed no consistent relationship to air or subsirate temperatures
from 0700-1700 h. However, temperatures of adult females were significanily lower than ajr temperature
from 1800=-1600 h, Temperatores of juveniles and adult males were significantly higher above groond than
underground from 11001400 h and 11001780 h, respectively, with no consistent elationship between
houtly above-ground and underground temperatures of adult females. Overall, femperature patterns of £
rutfiveni and P catenifer desgrticola appear to be similar, except that P, £, degerticpla maintains higher tem-
peratures in the spring than does P ruthveni.

Key Words. Body temperature; Longlesf pine; Louisiana pine snake; Pimophis rurhiveni; Thermal ecology.

The body temperature of snakes has a profound
effect on maost, if not all, facets of their ecology.
Snakes are neatly exclusively ectothermic, deriving
their body heat primarily from exiemal (environ-
mental) sources. Thus, body temperature in snakes
(and thus the level and type of activity in which

1Present address: Nevada Division of Wildlife, 4747
Veras Drve, Lag Vegas, Mevada 89108, USA. Email:
jREmes Endow.state ny.us

Please use for comespondénce.

Present address: US Fish and Wildhife Service, 510
Desmond Drive, Suite 102, Lacey, Washington 93503-
1263, USA.

snakes are phyziologically capable of engaging) is
limited by the range of thermal conditions available
in the enviconment (Peferson et al. 1993Y, The ther-
mal epvironment itself is subjeci to daily and sea-
sonal floctuations and thus body temperature in
snakes may be expected t0 fluctnate accordingly.
However, most snakes are very adept at behavioral
thermoreguiation in an effort to offset fat least par-
tially) the potenitally debilitating effects of subop-
timal thermal conditions, resniting in a correspon-
ding change in the fypes of activiiies in which
snakes may engage {Heatwole and Taylor 1987).
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Consequently, the fiming of basic and essential
activities, such as those associated with foraging
and reproduction, i3 proximately determined by
body temperature and timately determined by the
thermal environment (Lillywhite 1987).

Peterson et al. (1993} posed five fundamenta)
questions about thenmal ecology and associated body
temperanire variation. These questions @im to assess
{1} the range of possible bodyv fernperatores under
natural conditions; (2} the proximate factors that
determine which body teraperatures 2 snake selects
from that range of possibilities; (3) the vapation of
body termperatares of individual snakes ender natural
conditions over extended periods of time; (4) the
fumctional effects (i.e., developmental, phyvsiological,
behavieral) -of body temperature variation; and (5}
the ecological consequences of body temperatore
variation. Ideally, stadies on the thermal ecofogy of
snakes should cover each of these five areas,

Our main objective was to assemble data to
cover these five areas of Peterson ot al. (1993} for
the Louisiana pine snake, FPitnopiis ruthivend. This
gpecies is a hichly threatenad endemic of the relict-
ual longleat pine forests of western Louisiana and
adjacent Texas (Jennings and Fritis 1983; Reichling
1988; Rudolph and Burgdodf 1997). The few
emaining natural populations of P ruthveni are
highly disjunct and occur at extremely low densi-
ties. Until the 199%0s, when B rurhveni was known
in the wild from only 100 specimens {Rudolph,
unpubl. data) and the 1.5, Forest Service initiated
ap inlensive ecological project on this species, no
quantitytive studies had been conducted on the nat-
ural history of P rufbvend. In fack, what little infor-
mation is available on P ruthveni (e.g., morpholog-
ical variation, reproductive biclogy) was collected
fromn snakes maintained in captivity {¢.g., Reichling
1382}, and nothing, to our knowledge, has been
reported on the thetmal ecalogy of P ruthvent.

Pitwophis ruthveni occurs in a unigne habitak
that is distinetive from that of other species of
FPliwophis. In addition, clutch sizes of B ruthveni (n
=4 epgs; no deviation from mean} are smaller than
those of al} cther species of Pirwophis, and its ezgs
(mean length = {194 = 088 [95% CI] cm,
10.00-13.00 em, A = &; mean width = 3.36 = 0,33
em, range 3.00-4.00 cm, 1 = &) and hatchlings
(mean total length = 54.4 + 2.5 cm, range 52.0-35.5
cm, & = 4 mean mass = 6.7 + 5.7 g, range
104, 0-108.0 g, £ = 3} are the Fargest of all snakes in
the Unitted States (Reichling 1989, 15900, Thos, the

energetics of growing the exceedingly large eggs
would suggest that gravid females spend more time
basking, thus gaining heat energy needed for the
physiological demands of vitellogenesis. Qo the
other hand, this species is highly fossoral (Himes
et al. 2003), which would seem to contradict the
higher thermal needs of ege development.
Therefore, undersianding more about the thermal
relationship of the Louisiana pine snake to its envi-
renment might contribute to a better understanding
of the thermal ecology of species with extreme
reproductive characteristics.

Mean cloacal temperatures of other taxa of
Pitwophis include 25.3°C in P o catenifer
{Cupningham 1966}, 28.0°C in £ o sayi {Fich
1956), and 28.6°C in P «. deserficela (Diller and
Wallace 1996). In all three studies, temperamres
were recorded trom snakes only once and thws daily
and seasonal fluctuations in body Iemperaturs
could not be determined. Daily fleetuations in body
ternperature single individuals of B ¢, sayi (Dill
1972) and P ¢ deserticols (Patker and Brown
19%0) varied from 26-32°C and 19-35°C, respec-
tively. However, snakes were monitored over a one-
to iwo-day period and thus seasonal fluctuations in
body temperamrs could not be determined.

Parker and Brown {1980) recorded 135 cloacal
tesnperatures {ftom P e deserticola that emerged
from or retreated info a communal hibernaculum
during spring {# = 44) apd autumn (= = 38), espec-
tively, Cloacal temperamres were significantly high-
et in spring (mean = 27.88°C) than in antumn (mean
=24.43°Ch, However, no temperatires were record-
ed from snakes duting winter and temperature dif-
ferences by size and sex class wers not noted.

Parker and Brown (1930} also recorded 414
body temperatures from nine P ¢ deserticola
implanted with temperature-sensitive radiotrans-
mitters. The mean body temperature of surface-
active snakes from spring through aumam averaged
47.9°C. Mean inactive body temnperatures of snakes
undersround and vnder rocks varied from 19.68°C
fautumn} to 27.01°C (smnmer) and approximately
12°C (aussmn) to 24°C (summer), respectively.
Body temperatures of smakes onderground wers
beilow air and insolated substrate temperatures, sim-
ilar to shaded substrake temperatures, and signifi-
cantly higher in suommer compared o autumn.
When snakes were under rocks, body temperaiures
were similar to air and shaded subsirate tempera-
tures, consistently below mmsolated subsirate tem-
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peratures, and significantly higher during cloudy
days in summer compared to spring. Again, no tem-
peratures were recorded fTom snakes during winter
and temperatuce differences by size and sex class
were not noted.

Greenwald (1971) determined that the aerobic
energy available for activity {metabolic scope) of £
catenifer affinis was maximurg at a body emper-
twre of 30°C. In 1974, Greenwald determnined that
strike velocity and frequency of prey captore were
maxirum at body temperatures of 27°C apd 33°°C,
respectively. This was a sather surprising finding
because it indicated that snakes captured prey less
frequently at a lower temperature (27°C), when
strke velociy was greatest. Thes, from these data,
it is difficult to determine the preferred rangs of
active body temperature in P ¢. affinis. However, it
is clear from these findings that there 15 2 compli-
cated relationship among body temperature, behay-
tor, and the metabolic scope In Pituophis.

All Pituophis for which body temperature data
are available occur in open habitats with few trees
{e.z., grasslands, broshlands, deserts) of the mid-
western and western United States. In contrast, P
ruthveni oceurs predominantly in pine forests
{Dundes and Rossman 1989; Rudolph and Burgdord

1997). These habitats have different thermal quali-
ties that may result in different thermal relationships

hetween the snakes and their environment For
example, solar radiation and conduciion should be
tess intense on fhe forest floor than in a desen. In
fact, thigmothermy 15 an inportant heat exchange
mechanism used by many ectotherms, including
Fittophis Biving in deserts (Sellivan 1921).

As part of a range-wide natural history stady
on £ rutfrveni, eight juvenifes, 17 aduit males and
3 adult females were implanted with temperature-
sensitive radiotransmitters and individually swdied
for up fo 43 mo in Eoulsiana and Texas from
1993-97. Temperatures were recorded of all 38
snakes, during all seasons and hours of the day
{over the course of the five-year period}, and when
snakes were located above-ground (on the surface
and generally amid thick herbaceous vegetation}
and enderground (generally in self-made burrows
of in hurrows excavated by pocket gophers
[Geomys breviceps] or moles [Scalopus ageati-
cus]y. Comparisons of body, substrate, and air tem-
peratures helped us determone the themnoregulatory
capability of P ruthveni In addition, we deter-
mmined the effects that size and sex class of snakes

and the time of year and day have on the thermal
ecolegy of P rithvent.,

MATERIALS AND METHODS

Stndy Areas

This smdy was conducted within the historic
lengleal pine (Pinus palustris) region of Bienville,
Sabine, and Vernon Panshes in Lovisiana, aod in
Angeling, Jasper, Newton, and Sabine Counties in
‘Texas. Sandhills that are dissected by Iniermittent
and gmall perennial streams characterize all sites.
Pine forest consisting of longleaf pine, shortlead
pine (£, echinate), loblelly pine (P faeda), and the
fatroduced slash pine (P effiortity, with occasional
tardwoods, domdnates the oplands. By comirast,
several species of hardwoods (Carya spp., Fogs
grandifolia, Liguidombar styraciflua, Nyssa sylvat-
tca, Quercus spp., etc.) dominate the lowland areas.
At most sites, silvicuktural practices have resuited
in the formation of clearcuts and pine plantations,
as well in as the suppression of fire, leading to hard-
wood encroeachment and conseguential suppression
of herbaceous vegeiation.

Survey Methods and Sindy Subjects

Snakes were trapped and hand-captured from
199397, Traps were constructed of a plywood
frame, top, and bottom, and hardware cloth walls
{6-mm mesh), forming 1.3 x 1.3 x 0.3 m boxes with
a funnel entrance on each side to permit entry of
snakes. Dwift fences, also of 6-mun hardware cloth
(height = .5 m}, extended for 16 m from each fun-
siel entrance, Traps were operated om a vardable
scheduole at I10-15 sites during the months of
March—Octoher,

Wild-caught snakes were obtaimed at {r = 26
snakes) or near (s = &} one of the study sites. In addi-
tion, eight captive-bred snakes obtalned from the
Memphis Zeo and Aquarium (MZA) were used in
this study. These lagier snakes were the offspring of
snakes from Bienville Parish that were used (o estab-
lish 5 capiive breeding program (S. Reichiing, pers.
comit 1995). Prior to shapping from Memphis,
these spakes were inspected by an accredited veted-
narian from the Americap Asseciation of Zoo
Veterinarians and were determined to show o signs
of disease. Specific identification pumbers were
assigned to each snake, and sex, lenpgth, and mass
were recorded of all snakes immediately before and
after the stady (see Table 1 in Himes et al. 2002%,
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Surgical Procedures and Transmitter Implantation

Snakes were implanted either subcutaneously
(3abine Parish, Vernon Parish, and Texas snakes) or
iniraperitoneally (Bienville Pansh and MZA
snakes) with SI-2T transmitters {44 x 10 mm, 12 g;
Holohil Systems L¥D, Carp, Ontario, Canada},
each of which was equipped with a 20 cm whip
antenna (see Reinert and Cundall {3582] and
Weathethead and Anderka [1984]). The transmitier
mass exceeded 5% of the body mass of one snake
{ajuvenile); this mdividual survived and showed no
ill effects throughout the study. Anesthesia was
achieved by mtramuscular injection (30 mg kgt
shake™') of Ketamine (Mallinckrodt Veterinary,
Inc., Mundelein, IBnois, ¥SA; Sabine Parish,
Vernon Parish, and Texas snakes) or inhalation of
Halothane (Ayerst Labs, Inc., New York, USA:
Bienville Parish and MZA snakes). Al} transmitters
had an approximate battery life of 18 mo and were
replaced as necessary.

Each snake was only handied during surgery
{once every 14-15 mo). Thus, reproductive status
could not be determined and gravid and non-gravid
fempales were nof distinguished. Sexual maturity,
although net known for P ruthveni in the wild, is
attained at 34 yr of age in other species of
Pitugphis (Fitch 1970, Therefore, we considered
our captive snakes, which were 1-yr-olds (and did
not exceed 101 ¢m in total length) at the tme of
their release, to be juveniles. One wild-caught
shake, which had a comparable initial total lengih
and snowt—vent length, but lower initial mass than
all captive juveniles, was also considered to be a
Juvenile. All other wild-caught snakes exceeded
1203 em in total length at the time of their release
and thus were comsidered to be adults.

When not in surgery, one o two snakes were
maintained in fibersiass and plastic cages (56 x 30 x
23 erm) at 20-25°C, with an approximate 12 h:12 h
light:dark photoperied. Additional heat was suppled
by lamps and heating pads. Fresh water was provid-
ed ad Ifbitum and one freshly killed mouse wag
offered as food onee a day 1o each snake. The interi-
of of each cage was washed with soap and rinsed
clean every other day and the exterior was covered
with newspaper to minimize disturbance to snakes.

Release and Radiotrackiag Protocols

Smakes were allewed 2-i4 d for recovery in
the lab prior to release. Twenty-six of 3¢ wild-
caught snakes were released at their point of cap-

tore. The iemmaining four wild-caught snakes were
captured by local residents in nearby areas of
Bienville Parish that were not accessibie for
telemetry studies and were at risk because of adja-
cent highways. These snakes were released at safe
distances (3-H) km from their point of capture) and
where other snakes were under observation. The
risks to the four repatriated snakes and their receiv-
ing populations were considered o be less than the
imminent danger posed by a busy highway and
much human activity; the extreme rarity of this
species justified the repatriation of snakes to a safer
habitat. MZA snakes were individually released at
habitat edges (to give the snakes a choice of habi-
taty at the Bienville Parish study site; each snake
was released at least 104 m from all other snakes
under study. Following their release into the field,
all spakes were relocated 1-7 times per week.

Upon locating a transmitter-bearing snake,
date, timae, and location were recorded. The snake's
position was recorded as above-ground or under-
ground. For each location, transmitter pulse rate
was recorded for three consecntive 10-sec periods
and then averaged and converted {0 a per minute
pulse rate. Shaded air and subsirate temperatures
were recorded with an alcohol thermometer within
5 min of locating a snake and generally within 2 m
of the snake (unless the snake was en the surface,
when temperatures were recorded 2-3 m from the
snake o prevent disturbance}. Substraie tempera-
tures were recorded at a depth of 10-15 cm, corve-
sponding to the approximate depth at which snake
and mammal burrows were located (and in which
snakes were located when underground). Radio-
tracking seasons were defined as  winier
{December—Febroary), spring (March-May), sum-
mer (June—Auwgusty, and autumn (September—
November).

A temperature calibration equation for each
branseitter was plofted (x-axis = pulss sate in ms; y-
axis = transmitter fempsratore in °C), allowing
determination of snake body temperature (because
pulse rates were recorded when transmitters were
located within the snake, ransmitter and body fem-
peratures were asswmed to be equal). Spake body
temperatures were then plotted with the associated
air and subsirate temperatures by month and hour,
Temperatures are listed below, giving the mean +
359 CI. as well as the temperarurs range. To prevent
biased statistical analvses due to unegual or low
sample sizes, a mimmom of ten body temperatues
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each of juveniles, adolt males, and adult females was
used to analyze size and sex clidss temperature dif-
ferences by month and hour. An ANGVA (P = 0.05)
was used ko test for iemperatore differances betwesn
all size and sex classes within the same ssasom,
menth, or hoo A f-test {P= (.05) was used (o test for
emperaturs differences between bwo sizefsex class-
es within the same zeascn, month, or hoor,

RESULTS

Mean snake temperatures were lower during
winter {11.4 £ 1.97°C, 5.0-18.4), » = 78), increased
during spring (Z2.3 = 1.287C, 5.3-36.3, n = 372},
peaked during summer (27.7 = §.71°C, 20.0-38.5,
n = 563}, and decreased during awivmm (22.7 +
036°C, 1080385, # = 824; Fig. 1A-C). Snake
temperatures ranged from a mean of 10.0 £ 2.25°C
(3.0~15.0, n = 12) W adult males located under-
ground during January (Fig. 1B} 10 & mean of 32.2
£ 3.72°C {24.5-38 5, n = 16} in adult females locat-
ed above ground during August (Fig. 1C). Air and
substrate temperateres showed similar seasonal
trends. During spring and aviumo, snake, air, and
substrate temperatures were generally 3—4°C high-
er above gronnd than underground {Fig. 1A-C).
However, during summer, temperatures between
Jjuveniles and adult males wers not sigmificantly dif-
ferent above groand {f=0.78, P = 0.05: Fig. 1A, B)
or underground (¢ = 0.G3, P = 0.05; Fig. 1A, B),
whereas temperatures of adult females were signif-
icantly higher above ground than anderground {7 =
293, P 5 0.05; Fig. 1C).

During summer, temperabures were signifi-
cantly higher in adult femmales than in joveniles (f =
225, P = 0035; Fig. 1A, 1C) and adult males (¢ =
369, P = 0.05; Fig. 1B, ). Moreover, during sum-
mer, temperatures of aduli females were signifi-
cantly higher above ground than anderground (f =
2.86, P = 0.05; Fig. 1C), whereas above-ground and
vaderground temperatires were not significantly
different in joveniles (t = 1.72, P = (.05; Fig. 14)
or adukt males (z = 1.18, P » .03; Fig. 1B).

Few monthiy temperatures were significantly
different between size and sex classes. Above-
ground temperatures donng March were signifi-
cantly higher in adul males than in juveniies (Table
1) apd during May were significantly higher in
adult femafes than in jeveniles (Table 1). Above-
ground temperatures were also significantly higher
in adult females than in adult maltes during Auguest
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Figure 1. Monthly mean body temperatures (*L; squares)
of juveniles (A}, adult males (B), and adult fermales (T} of
Piuophis ruthvent located ahove pround (solid lines:
back symbols) and underground {dashed lincs; open
symbnls}, with means: for associated air (circles) and sub-
strate {tnianples) temperatures. Bach temperature plotted
o the graph represents the mean of = 10 recordings; tem-
peratures are not plotted for months with < 10 recordings.
Sea Tahle 1 for statisiics on sfenificant differences.

and September (Fable 1) Undergroond tempers-
tures during Jure were significantly higher in adult
males than in juveniles and aduft females (Table 1).

Some general trends are apparent in daily vari-
ations in temperatures. Mean abhove-ground snake
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TABLE 1. Monthly mean (21 SD) body temperatures (°C) recorded from juvenile, adult male, and adult femals
Pituaphis rutincent located above ground (T} and enderground (Ty,): ranges and samples sizes in parentheses, Months
duning which (13 neither T3 or Tys differed significantly between at Jeast two sizefsex classes, or {2) < 10 recordings
of Tyys and Ty.5 wera taken for each sizefsex class, have been omitted. An ANOVA, tested for temperature differences
between all size and sex classes within the same month, A +test {P = 0.05) tested for temperature differences between
two sizeftex classes within the same month; #-tests berween pairs that are ot identified in the rtest column wers not

sipniftcant.
Monsh Class ANOVA  f-test
Juveniles Males Females
March (T} 23.0+54 279+ 44 - - F=1223
(16.0-30.5, 0 = 10)  (18.5-34.5, n = 143)
May (T} 260x49 274 %58 M2+36 * t=2.29
(190360 =33} (15.0-350,r=28) (19.0-365, 2=18) {Tuveniles,
Females)
June (T, 259+28 8T £33 26118 * t=2.54
(20.5-34.5, 0 =38) (250-38.0,n =200 (22.5305,n=27) {¥uveniles,
Males)
F=3.78
{Males,
Fermales)
Angust {T 4 28718 288 %35 322548 # F=222
(26.53-335 n=1ty 225335 a=14 (245-383, n=16) {Males,
Females)
September (T,,) - 2021453 314 £3.7 - =345
(14.0-35.5, 0 =36) (23.0-385,n=17)
P05

temperatores locreased from 19.6°C im juveniles
(Oth hour) and 21.3°C in adult males (10h hour) to
a respective 28.7°C (11th hour} and 29.8°C {13th
hour; Fig. 2A., B}, Mean underground snake termn-
peratures increased from 20.1°C o juveniles {3th
hour}, 204°C in adult males (10th hewr), and
21.5°C in adult females {8th hour) to 27.0°C (38t
heourd, 27.5°C (1 8th hour), and 26.5°C (19th hour),
respectively (Fig. 2A-C).

Snake temperatures meast closely approximated
the air and substrate temperatures during the 18th
and 19th hours, when snakes were located predom-
inantly undergreound (Fig. 24-C). The temperatures
af juveniles and adult males showed no consisient
refationship to the associated air and subsirate tem-
peratures from the 7th (o the 17th hours {Fig. 24,
B}. However, air temperatures were significanily
higher than the associated {emperatures of aduolt
females from the 10ch to the 16th Hours (¢ = 249, P
= (h05; Fig. 203, whereas these latter tomperatures

were oot sigmficantly different from the associated
substrate temperatures (¢ = 1.08, P > G.05; Fig. 2C).

There was no consistent relationship between
the hourly temperatures of snakes located above
ground versus undereround, particularly for adult
females, which were infrequently located above
ground. However, juvenile temperatutes were sig-
aificantly higher above ground than underground
from the 11th through the $dth houwrs (=276, P =
0.05; Fig. 2A), and adolt male temperatures were
significantly higher above ground than under-
ground from the 11th theowgh the 17th hours (¢ =
7.88, P = 0.05; Fig. 2B).

The only significant difference in hourly tem-
peratures between size classes cccurred duning the
fifteenth hour, when abeve-ground temperatares
were significantly higher in adult males than juve-
niles {f = 2.09, P = 0.05; Fig. 2 A, B), whereas there
were oo significant differences in houtly tempera-
turas between sex classes.
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DISCUSSION

Becausge the magnimde of most pathways of
heat exchange between an animal and its environ-
ment is depengent in part on the gize of the animai
(Pough et al. 1598), similarly sized individuals of
the same species (that are exposed o the same envi-
ronmental conditions} should exhibit similar tem-
perature patierms. In particular, the smaller size and
correspondingly higher body suface o volome
ratio of juveniles may epable them to more effi-
ciently thermeregualate than the adults since juve-
niles increase locomotor speed more than aduits
{Heckratte 1967), probably due to ontogenstic
increases in both aerobic and anaerobic capacity
{Pough 1978}, and since net energy 2ains are man-
imized at environnental temperatures very close to
theit preferred body temperature of about 29°C
(Stephenson et al. 1985 for Thamnophis elegans).
In turp, this should resuit in different temperature
patterns between size classes because the juveniles
«an exchanpge heat with extermal sources more read-
ily thap can the adults. For examptle, juveniles may
be able ¢ access more underground microhabitats
(e.g.. sall mammal tunnels) while atternpting to
locate a site that offers thermaily optimal condi-
tions. Moteover, juveniles are probably less con-
spicuous io potential predators while thermoregu-
lating above ground due to their small size (I
Himes, pers. obs. 1996) and tend ¢ move less fre-
quently and over shorer distances compared to
adnits (Himes et al., unpubl. data),

In spite of this predicted relationship between
amimal size and temperature, the seasonal and
hourly temperature patterns of juveniles and aduolt
males were more similar 1o each other than either
was o the temperafure patterns of adult females.
Assuming adoit females and males have similar
physiological capacities, the former may exhibit
differsnt behavioral and activity patterns (particu-
larky when they are gravid} that result in a different
thermal regime for aduit females than for juvenites
and adult males. While all snakes tended to avoid
direct exposure to sunlight (each snake was found
in sunlight in < 10% of the total cbservations on
each individual}, particularly during swmmer (<
5%), the most notable difference was the higher
sufamer temperatures in adult females thaw in juve-
miles and adult males. No information is available
un the reproductive kiology of natural populations
of B ruthveni, However, adult females that were
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Figure 2. Hourly mean body temperatures (*C; squares)
of juveniles (A), adult males {B), and adnlt females (C)
of Pituophis ruthveni locaied above grovnd {solid fines)
and underground fdashed lines), with means for associat-
&d 2ir (diamonds) and subsirate (riangles) temperanes.
Each temperature plotted om the graph sepresents e
mein of = 10 recordings; temperahwes are not plaitad for
hours with « b3 recordings (including all hously above-
ground temperatures of adult femates). Temperatures are
pocled across months. See texs for statistics on signif:-
cant differences.

emaciated and thought to have recently oviposited
have been found above goound in July and Aupust
(T. Vandevenies, pers. comm. 1995). Thersfore,
adult females may snaiotain higher temperatores
during late spring-early summer to enbance the



124 Herpetological Natural History, Vol, 9{2), 2002

development of their eggs.

Conversely, adult males move more freguently
and over Ienger distances than do adult females
(Himes et al., unpudd. data), probably in part
because males are searching for mates and gravid
females tend to be sedentary. However, juveniles
move even less frequently and over shorter dis-
tances than do adult females. Thus, the disparate
teraperature patterns between size and sex classes
are probably attributable to fhe Bbehavioral and
activity patierns exhibited by the aduits and juve-
niles. However, because all but one of the juvenile
snakes was captive-bred, the disparate temperamee
pattems between size classes may alse be due in
part io captive-bred snakes exhibiting different
thermal behavior than wild-caught snakes.

Adule females were located above ground less
frequently than were juveniles and adult males. Yet,
it was during three of the four months in which an
adequate munber of tlemperatures (= 19) was record-
ed (for statistical analisis) of adult females above
ground (May, August, September) when there was a
significant difference in temperatores bebwesn size
and sex clasges. Therefore, it appears that aduolf
females spend less time above ground than do juve-
niles and aduit males, but maintain a higher body
temperature when they are above ground.

In comtrast te P ¢ deserricels in northern Utah
{Parker and Brown 198(), P ruthven! did not have
significantly higher temperatures in spring than in
autumn. In fact, {he mean temperatures of P
ruthveni were higher in astumn (22.7°C) than in
spring (22.3°C); these temperatures were lower
than those of P e, deserticela In automn (24.43°C)
and spring (27.88°C). Pituophis c. deserticola may
have attained higher temperatures thap did A
ruthveni during the spring because the former taxen
fraquently basked on the surface shortly after
emerging from hibemation,. By contrast, & rutheeni
was iocated above ground only about 20% of the
time, when 18 was usually secluded amid the shade
of thick herbaceous vegetation.

Because individuals of B ¢ deserticols
emerged in the spring after spending 216229 d in
hibernation (Parker and Brown F280), they proba-
bly needed to maintain elevated body temperatires
during the first several weeks of activity (o be phys-
iclogically capable of engaging in sustained types
of activity (e.g., foraging and mate seeking). T con-
trast, P ruthveni, which inhzbit 2n area with a far
milder winter and spring compared to the foothills

of northem Utah inhabited by individoals of E c.
deserficoln, spenit only approximately 150 d in
hibernation, during which they occasionally moved
up to 200 m (). Himes, pers. ohs. 1996, 1997
Thus, unlike P ¢ deserticols, individuals of P
Futhveni that have recently emerged from hiberna-
tion in the spring may already be physiologicaily
capable of sustained activity without further eleva-
tion of their body tamperatures.

Despite these temperatwre differences between
P rthveni and P, ¢. deserticola, the mean tempera-
tires of snakes located above ground frem spring
through astumn were similar (26.6°C [P rufhveni]
versns 27 9°C B ¢, deserticoly]; Patlcer and Brown
1980}, Moreover, the snean femperatures of snakes
located underground were actually higher in P
rithveri than in B o desertfcola during aotomn
(22.5°C [F. ruthvend] versus 19.68°C IR o desers-
colaly and snmmer {(27.9°C [P ruthveni} versus
2T [B e deserticola]). Therefore, P o deser-
fivola maintained higher temperatures than did £
ruthveni only at the beginning of iig active season
{spring), before temperatores of both taxa became
more similar in the sumer,

The relationship between snake, air, and sub-
straie (emperatures i3 very similar betweep B
ruthveni and £ ¢, deserticolz. Tn both faxa, under-
ground body emperatures were below ajr tempera-
tures and were similar 10 shaded sobstrate tempera-
tures (Parker and Brown 1980). Thus, soakes may
have been thermoregulating at signilar capacities.
However, vniike B ruthveni, B o deserticola
cccrred i an atea containing nomerous supface
boulders and rock piles, under which it frequently
sheltered. When P o deserticola was sheltering
under this additional microhabitat, its body temper-
atnre was sirnilar 80 the associated air and shaded
substrate temperatures (no significant difference
between (Emperatures).

In addition io B ruthverni, three other taxa of
Pituophis ivhabit similar sandy-soiled pine forests
in the southeastern United States: Pimophis m.
melancfencus, B m. lodingt, and £ m. mugitis
(Tennant and Bartlett 2000). Therefore, studies on
the thermal ecology of these lanter Fifwophis would
help determine whether the seasonal and diel tem-
perature pattems of E. ruthveni are typical of south-
eastern Pifugphis oF are umique to P ruthveni.
However, £ ruthveni is most closely related o P .
savi [Reichling 19935; Rodriguez-Robles and De
Jemis-Escobar 20003 which inhabits the open
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plains of the midwestern United States and north-
eastern Mexico (Tennant and Bartlett 2000).
Therefore, studies on the thermal ecology of P o
sayi conld provide valeable insight into the origin
of temperature pattemns of £ rutvend In face, the
ternperatare pattems of P ruthvenl may be more
similar to £ ¢ sayi than o the other southeastern
FPifuophis, depending on the relative importance of
historical versus present-day factors in shaping the
natural histories and associated temperature pat-
terns of snakes.

In angwer £ the questions posed by Peterson et
al. (1993}, as they apply to £ rathven, (1) the range
of possible body temperatures (°C} vnder natural
conditions is 5.0-18.0 (winter), 8.5-36.5 (spring).
2000-38.5 {sumomer), and }G.0-38.5 (autumn}, {2)
the proximate factors that determine which body
temperatures a snake selects from that range of pos-
sibilitdes mnclude itg size and sex class, reproductive
status, and location relative to the surface (above
ground wversus onderground}, and the time of year
and day, {3) the variation of body temperatures of
individual snakes under natural conditiens owver
eatended periods of dme 15 5.0 (winter) o 33.5°C
{semmer and autumn), (4 the functonal effecis of
tody-temperature variation include enhanced rates
of growth in juveniles and perhaps adnkt males, and
enhanced rates of ege development in aduit
females, and (53 the ecological consequences of
body-temperature variation inclode relatively limit-
ed time spent on the surface and no suface activity
from December-February,
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Abstract. The Lovisiana pine snake, Pifuophis ruthveni, i3 an vacommon and poorfy known snake that cur-
rently lacks federal protection. To learn more about the natural history of £ ruthveni, ten adults and one
juvenile were studied by radiotelemetry during 1995-97 in north-central Lovjsiana, In addition, one adult
and seven juvenile captive-bred individuals of P ruthveni were released on the study site and studied by
radiotelemenry during 199697, All snakes were usnally present in mammal busrows year-round and were
most frequently observed above ground during laie moming and mid-afternoon and during spring and fall.
Native snakes moved longer distances and occnpied larger home ranges than did repatriated snakes. Native
snakes preferred the interiors of pine forests and pine plantations and repatriated snakes preferred the edges
of pine plantations. Native and repatriated snakes frequented areas with an abundance of pocket gopher
(Geomys breviceps) mounds, few trees, and an open canopy. Pitiophis ruthveni depends on pocket gophers
directly (as a source of food) and indirectly (by using pocket gopher burrows for shelter), Therefore, habi-
tat selection by snakes appears 10 be largely determined by the distribution of pocket gophers. Based on
short term survivat rates, the resulis of this stdy indicate that repatriation may be used o restock natural
populations of F. ruthveni. However, the long-term survival of P ruthveni will ultimately depend on the
maintenance of an understery of herbaceous vegetation that supports pocket pophers {as a food source) and,
in turn, pine snakes.

Key Words. Fifuophis ruthveni, Movement patterns: Habitat selection; Conservation; Telemetry;
Repatriation.

The genus Piruophis (Serpentes; Colubridas)
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contains three species in the United States: P
catentfer, P. melangdencus, and P, ruthveni (Collins
1997}, The Louisiana pine snake, P. ruthveni, was
rzcently elevated to specific status (Reichling 1995)
and is endemic to norhern and western Louisiana
and eastern Texas (Conant and Collins 1991;
Reichling 19935; Thomas et al. 1%70). Few data
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have been colicted on the natoral hisiory of P.
ruffrueni sinee its onginal description (Stoll 1929},
The pancity of data on P. ruthveni 15 due to the
snake’s limited distobution (Reichiing 1995;
Thomas et al. 1976), low population density
(Jennings and Fritts 1983; Reichiing 1989}, and
secretive nature (Reichling 1988a).

Today, P. reffvent s confined o three disjunct
areas:  north-central Lowjsiapa,  west-central
Louisiana, and east-central Texas. Clearcut logging
of the original pime forest in the western Guif
Coastal Plain during the 1920s (Boyer 1980:
Conant 1936) coincided with considerably fewer
sightings of P. rigthveni according fo Fitch (1949),
whe suggested that legging negatively affected
populations of P. ruthveni. Logging practices, as
well as suppression of the historc fire regime, con-
tinne to threaten the long-term survival of A
rithverti (Reichling 1989, Rudolph and Buredord
1997, 1. Himes, pers. obs. 1994, 19973,

FPituophis ruthveni is not legally protected by
the state of Lowisiana. Although peputatiens of this
species in the Angelina, Kisatchie, and Sabine
Nattonal Forests receive protection, many records
ef £ ruthveni today are from privately owned sites
in $ouisiana (Reichling 198843, Thus, the contin-
ued survival of this species in the wild is question-
abie. A betier understanding of the natural history
{e.z.., habiiat and spaiial requirernents) of P.
rithveni widl help biclogists plan conservation
strategies for dwindling natural populations of this
specles.

Most conservation strategies involve habitat
management and therefore affect the populations of
those species occupyving the wmanaged habitat.
Althongh habitat management may be Imporant
for conservation of some species, additional strate-
gies may be needed to conserve species such as P.
ruthveni, which occur at low population densities
of are locally extrpated (Dodd 1987, 1593). One
additional strategy is to restock captive-bred indi-
viduals into their criginal naturaj populatious.

Release of captive-bred snakes into the wild is
a rare practice and results are incenclusive (Dodd
and Seigel 1991; Speake et al. 1987). Release of
capuve-bred indige snakes (Dvymarchon corals) in
i3 areas by Speake et al. {1987 resuited in the suc-
cessfisl reestablishment of oniy two populations.
However, the origin of some released snakes was
unknown and thus the genetic cornposition of the
teestablished populations was possibly aktered.

A captive breeding colony of P. ruthveni was
established at the Memphis Zoo and Aquarium
(M£A) in 1987 (Reichling 19885, 1993) with two
snakes from the same gene poal of £. ruthvens that
we studied during 1995-97 (5. Reichiing, pers.
comm. 19953 In 1999, the MZA donated nine indi-
viduals of P. rushveni from this colony to us far
release within the parental population currendy
under study, These snakes comprised three litters
bort in consecutive years (1994: one snake; 1995:
four; 19%6: four) and each litter was produced from
the same two snakes used to establish the breeding
colany.

We stidied movement patierns and habitat
selection of naturally cccurring and captive-bred
individuals of £. ruthveni that were refeased on the
study area during May 1926-December 1997, To
determine the feasibility of restocking for consery-
ing naturai populations of P. ruthvend, data were
comnpared between naturaily occuming and captive-
bred snakes. i naturally oceurring and captive-bred
pine snakes in the same apea exhibit similar natural
histories, it is possible that captive-bred snakes will
reproduce among themselves and with naturally
occurning pine snakes, thus increasing the popula-
tion size, total reproductive capacity, and the diver-
sification of the local gene pool.

MATERIALS AND METHODS

Study Site

The approximately 3000 ha study site, tocated in
Bignville Parish, Louisiana, consists of low sandy
talls divided by ravines. The soil is clayey at the bot-
torm of the ravines, where temporary creeks form dur-
ing rawny weather The only permanent creek has
been dammed to form & 3000 ha lake that borders the
stady site to the north and west. Pine farest (with an
understory that contalps considerable herbaceous
vegetation dominated by grasses and a diversity of
forbs} 15 the doseinant plant formation on the hills
and pak forest is dominant surrounding the creek bot-
toms. Portions of the native forest have been clearcut
and subsequently planted in voung pines (2-3 m
height in 1996). Two transmission line easements
that pass through the stody site are periodically
mowed and are dominated by herhaceous vegetafon.

Snake Colleciion
Fifteen snake traps were set at the study sits
during 1995-96. Traps were constrocted of ply-
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wood and hardware cloth (0 mm mesh) that formed
boxes (1.3 x 1.3 » 0.3 m} with a funne] entrance on
each side. Hardware cloth drift fences (height = (1.5
m) extended 16 m from cach fonnel entrance, there-
by enhancing trapping success. Fresh water was
available in each trap. During the months of
March-October, all traps were checked and the
water was replaced twice weekly.

Pine spakes were captored in the traps during
15995 (n = &; one adult female, five adult males) and
1996 {n = 2; one juvenile female, one aduli female),
Four additional pine snakes {two adulf females jn
1995, one adult female in 1996, one adulé male in
19971 were capiured by hand 5 km west of the study
site. In November 1996, the MZA donated nine
individuals of P. ruthveni (six juvenile females, two
juvepile mates, one adult male) from its captive
breeding colony to be released on the study sike,
Prior ta shipping from Memphis, these snakes were
inspected by an acecredited vetetiparian from the
American Associafion of Zoo Veterinapans and
were determined fo show no signs of disease.

Snakes that were captured in {raps or by hand
and retumed to their natural population were
termed naturally ocourring (NAT). Snakes bom in
captivity from parents captured from the nameral
popuiation and obiained from the MZA for release
imto the pamral population were termhed captive-
bred (CAF). Specific identification aumbers were
assigned to each soake, mnd sex. length, and mass
were recorded of all snakes immediately before and
after the study {see Table | in Himes et al. 20023,

Experimental Protocol and Radio Implantation
Pine snakes were surgicaily implanted with
radiotransmitters. When not in surgery, ane o tWwo
snakes were housed in fiberglass and plastic cages
(36 2 30 ¢ 23 emy at 0-25°C, with an approximate
12 12 h light:dark photoperiod, Additional heat
was supplied by lamps and heating pads. Fresh water
was avallable ad [ibinen and freshly illed mice
were offered as food onee a day. Cages were washed
with scap and fnsed clean every other day and were
covered with paper (o mindmize disterbance.

MNAT =snakes and four of the Hive largest CAP
shakes were implanted with transmitters within a
week of capiure or receipt (the other large CAP snake
died in sorgeryy. The four smallest CAT snakes were
maintained in captivity for approximately & mo
before implantation to enable them te increase in size
and avoid exceeding a ransmitter mass/initial snake

mass value af 0.060 (see Table 1 in Himes e al.
2002), making implantation easier and minimizing
imhibition of locamotory performance.

Snakes were inplanted inaperiteneally with
SI-2T transmitters {dimensions 44 x 10 mm, weight
12 z; Holohil Systems Lid., Carp, Oniario,
Canada}, each of which was equipped with a 20-cm
whip antenna (see Reinert and Cundali [1982] for
description of implantation procedure}. The native
juvenile snake was similarly implanted with a 2.5-
£ transmitier (constricted by P. Blackburn, Stephen
E Austin University, Nacogdoches, Texas, US4,
and not cormmercially avaitable; projected battery
life of & mo at expected operational temperatures).
Anesthesia was achieved by inhalation of halothane
£ Ayerst Labs, Inc., Mew York, USA)L

Snakes were allowed a 2-d recovery period
before release on the siudy site. NAT snakes cap-
tured on the study site were released at their points
of capture. NAT snakes capinred off the study site
and CAP snakes were individually released on the
study site (= 100 m fromm the nearest NAT snake) ar
habitar edges to test habitat choice by the snakes. At
the midpoint of the stady in-August 1996, mdio-
carrying snakes were refitied with new transmitters,
At the end of the study in December 1997, radio-
camying snakes were refricved and radios were
removed. After radio replacement/removal and a 5-
d recovery period, snakes were returned to their
points of capture.

Radiotracking

Each radio emitted a frequency-specific puls-
me signal of 15(-151.999 Mhz, detectable at dis-
tances up to 1-2 km. The signal was detected by a
three-elament Yagi antenna and an 2100 receiver

{Advanced Telemetry Systems, Inc., Tsanti,
Minnesota, [TSA)
Radiotracking took place from May

1995December 1997, Snakes were focated once a
week during the winter, two-five times a weel (dif-
ferent days) during the spring and fall, and
foue—seven times a week during the summer.
During the summer and fall of 1996 and the fall of
1997, snakes were located twice a day, except dur-
ing one week in the falt of 1997, when snakes were
located theee times a day. Consecutive trackings of
individual snakes took place = 3 h apadt, Snokes
were occasionally tracked at night. To prevent
equipment damage, tracking did not take place dur-
ing rati.
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Data Collection

The site of incated snakes was flagged and
coordinates  were recorded with a  Global
Pogitioning System (Teimbie Navigation Limited,
senmyvale, California, 1JSA). Snake position was
recorded as in 3 stump, under debris, in the open,or
in a mammal burrow. Habitat data were collected in
an 11.2 m radius {arez = (.04 ha) from each snake
location (= NAT and CAP plots for natorally occnr-
nng and captive-bred snakes, respectively) and 100
random locations (= RAN plots), as selected from
15-min series topographical maps (1.5, Geological
Survey, Denver, Colorado, USA). RAN plois were
considered to contain the expecied habitat. These
plots provided the conirol by which the null
nypathesis {snakes did net select a specific habitat
type) was tested. If there was a significant differ-
ence between the frequencies of habitat types in
which snake plots (NAT or CAP) and RAN plots
were located, then snakes were considered to be
selecting a specific habitat, When a snake was
tracked to a site < 3 m from its last location, new
habitat data were not collected. Habitat data were
usually collected immediately after locating the
stiake. However, when a swake was located in the
open, habitat data were collected the following day
10 minimize disturbance of the snake.

Ali lve trees = 25 om in diameter at hreast
hetght (DBH) on habitat plots were counted. All
logs (= 10 cm diameter) on a plot were counted and
categorized as pine vs. hardwood, hollow vs. non-
hollow, and freshly decayed (most of log surface
covered with bark) vs. highly decayed (< 506 of
log covered with bark}. A one-factor metyic prism
{(General Supply Ceorp., Jackson, Mississippi, USA)
was ysed o determine the basal area of canopy and
midstory rees. Canopy closure percentage was
determined from a cardboard sighting tube (James
and Suogart 1970). Undersiory cover (foliage.
branches, leaf ligtery was estimated visually. The
number of pocket gopher mounds, open mammal
burrows, and stepss (rees < 25 cm DBH) was
counted. The habitat type {pine forest, pine-hard-
wood forest, hardwood-pine forest, hardwood for-
est, pine plantation, grassiand, or clearcat) of each
plot was determined and the distances to differen
habitat types within 200 m of a plot were measured.

Eeplicated soil samples {# = 4) were individu-
ally taken with 2 sail auger vnder all the pine
species on the siudy site (shostleaf—Pinus echina-
ter; slash—P. eilionii; lonpleaf—P. palustris;

loblolly—PF. taeda) and a hardwood (sycamere—
Platanus oceidentalis) and iested for pH following
EPA Test Metheds (SW-846, Methad 9045C [Seil
and Waste pHJ). Particle composition of the soil
samples was determined with a soil textore test
(LaMotte Chemical Products Co., Chestertown,
Maryland, USA). A soil mineral particle density tr1-
angle was used to determine the classification of
each sqil sample based on sand:siliclay ratio
{Buckman and Brady 1969),

Data Analysis

GPS coordinates were entered inie the pro-
eram Cathome (J. Kie, 1594, MS-DOS Version 1.0,
Fresno, Cahfornia, unpublished) to calculate the
distance between snake locations on consecutive
days and the home range size by year for each indi-
vidual with at least ten consecutive day locations
(distances between nonconsecutive day locations
were not calcutated because movement was
unknown for intecveming days). Home ranges wers
individually enciosed with a 100% minimem con-
vex polygon. The area {ha) of 2 polygoen represent-
ed the size of the enclosed home range.,

Comparisons of data for individual snakes
were made using 2 Chi-square (3} goodness of fit,
with £ < .05 {for purposes of brevity and simplic-
ity, however, pooled data on NAT and on CAP
snakes are illustrated on graphs). Yates comrection
for continuity was applied to %2 calculations when
df = 1. To prevent pseudoreplication, significant
diiferences hetween NAT {or CAP) snake plot dais
and the corresponding RAN plot datz were only
indicated when individual data for all NAT (or
CAP) snakes significantly differed from RAN plot
data. To prevent biased hzbitat analyses dre to md-
ieally uneven sample sizes, a minimum of ten plots
for an individual snake was required for analysis of
that snake’s habitat data.

RESULTS

The entire stody consisted of 2083 abserva-
tions on 720 habitat plots {new habitat dasa were
not collected during the 1343 ghgervatiops on
snakes that had moved < 5 m since the immediate-
l¥ preceding observation on each respective snake).
Atotal of 1358 and 705 observations wers made on
MNAT and CAP snakes, respectively, resuling in 533
and 185 habitat plots. Movemeants and home range
sizes were cafcolated for the six NAY and three
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Figure 1. Frequency of positions of naturally occurring
(NAT; 1 = 1358) and captive-bred (CAP: n = 705) pine
smakes by zeason. Posidons are in a hoHow stump or log
(black bars), wnder debris {leaves, pine needles, branch-
es, of log; verncal bars), in the open (horizomal bars),
and in mammal burrows (open bars ).

CAP snakes that were tracked for at least ten days.
Habitat data were analyzed for the 519 apd 179
plots from: the nine NAT and six CAP snakes,
respectively, that each contributed at least ten plots.

Movement Patterns

Within all seasons, AT and CAP snakes wers
found most frequently in mammal burews, mosty
of pocket gophers {where, for all seasons combined,
an average of 74 and 70%, respectively, of all obses-
vanons 4f snakes occumed; Fig. 1), NAT snakes
were gbserved in the open (and presumably wers
active) most freguently from March-May (when
13% of ohservations were of snakes in the open) and
September-November (175%; Fig. 2A), and from
1000-1100 b {19%) and 1400-1600 h (16%; Fig.
28}, NAT snakes were not ebserved in the open fand
presumnably  were  inactive) from  December—
February (Fig. 2A), and from HO030600 h and
1900-2300 b, CAP snakes were cbsetved in the gpen
most frequently from March—April (28%) and
MNovember-December (23.5%), and from 0900-
1200 h (19%) and 1400-1500 h (15.5%: Fig. ZR).
CAF snakes were observed in the open least fre-
quenily during February (79%) and {rom June-
August (7% Fig. 2ZA), and were not observed in the
apen Frotm 01 00-0600 b and 20002300 h,

NAT snakes meved signmificantly greater dis-
tances on consecuiive days (P < .03} and main-

Observations {%}
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Figure 2. Frequancy of NAT {n = 173, closed bars) and
CAF {n = 93, open bars) snakes located in the open by
menth {A) and hour (B, Hours during which no snakes
were located in the open (91000080 f and 2000-2300)
h) are not shown.

tained significantly larger home ranges (P < 0.05)
than did CAFP snakes: mean (= 1 SE: range and
sample size in parentheses) distances moved (m) on
consecutive days were 118.0 = 209 (1.6-1158.6, »
=% and 337 2 7.7 (1.9-4149, 5 =3) for NAT and
CAP snakes, respectively, and mean (# 1 5E; range
and sample size in parentheses) home range sizes
(ha) were 33.2 = J11 (6.5-1076, n =P and 5.1 =
23 (2497 n =3) for NAT and CAP snakes,
respectively {Table 1}

Macrohabitat

MNAT snske piots were mere frequent in pine
forests {where 36% of all NAT snake plots were
lacated) than expected (RAN plots; Fig. 3). NAT
and CAF snake plois were more frequent in pioe
plantations (23 and 38%, respectively) and grass-
lands 6 and 3%, respectively}, and were less fre-
quent in pine-hardwood, hardwood-pine, and hard-
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TABLE L. Mean é+ | SE; mnge and sample size in parentheses) distance (in m) per move on consecutive days and
home rapge size dn ha) for individuals of Pituophis mthvend tracked for at least ten consecutive days fincludes data
from nime of 19 snakes in the study; a minimum of ten consecutive days per snake was reguired for statistical analysis).
Snakes originated from natural populations (NAT) or were captive-bred (CAF).

Snake Origin Mean Distance per Move Home Range Size
ID No. 1994 1997 1996 1997
il NAT 36.4 + 10.0 207+ 169 1.5 23
(L6-282.1, 5 = 3%) (3.8-434.1, n = 44}
(] MNAT 2199+ 324 - 107.6 —
(44-1158.6, n= 38)
i8 WAT 108.1 =21.2 7.2 «17.9 22.6 43.3
(3.3-To8.5, n=34) {3.2-1018.1, n =74}
25 NAT - 401 £ 5.7 - 6.5
(3.5-1453.0, n = 48}
30 WNAT 116+ 231 1380+ 14.4 17.0 223
(323791, n=23) (4.7-439.0, n = 20y
33 MAT - 352434 - 618
{7.1-677.4, n=24)
34 CAPp - 300 x2.2 - 32
{(1.9-102.0, n = 61)
33 CAP - 2231 £33 - 2.4
(3.2-54.0, n = 46)
36 CAP - 434 + 139 - 9.7
{(3.7T4149 n =133)
mean MNAT 115.0 £ 2097 332101~
(16115860, n =% (685-1870,n=9)
mean CAP 32777 51+£2.3"
(L9414.% n =7} 24997 a=3)

*Means are significandy different (f = 224, Jf = 10, P < (.05)
“*Means ares significantly different (¢ = 2.47, df = 10, P < 045)

wood forests (5 and 3%, respeciively, for all three
habitats combined} than expeeted {P < (.05 [hard-
wood forests]; BAN plots; Fig. 33 Of the six CAP
stakes with a minimuem of five expected locations
per habitat, one individual each was found sigmifi-
cantly more often (P « 0.05} in a forest, pine plan-
tation, and clearcot {Table 2}, Of the remaining
three CAP snakes, one individueal each was found
relatively mare often (F = 0.03) in 2 forest, grass-
land, and clearcut (Table 2).

NAT snake plots were > 200 m from the near-
est habitat edge more frequently {519 than expect-
ed, whereas CAP snake plots were = 160 m more
frequenty (36 and 28% at distances of = 50 and
50-100 rm, respectively) and > 200 m from the

nearest habitat edge less frequently (7%)than
expected (RAN plots; Fig. 4A) NAT and CAP
snake plots were nearer forests more frequenty (33
and 32%, respectively) than expected and the for-
mer and lagter plots were respectively nearer
clearcuts and pine plantations less frequently (19.3
and 6%, respectively) than expecied (RAN plots;
Hig. 4B).

Microhabitaf

IMost MAT and CAP snake plots (30 and 38%,
respectively} contained relatively few (< 10) irees
as expecied {RAN plats; Fig. 3A). Moreover, near-
ly 50% of all CAP snake plots lacked trees {Fig.
5A). NAT snake polnts (point = center of NAT
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Figure 3. Habitats where NAT {n = 319, black bars) and
CAP {n = 179, grey bars) snmake plots (madivs = 11.2 m)
were Iocated compared to available habitats (randem plots
[RANL # = 100, open bars). Abbreviations used are pine
{(pine forest, p-hrdw (pine-hardweod foresty, h-pine (hard-
wood-pine forestd, frdw (hardwood forest), plant. (pine
plantabion), grass. (grassiand}, and ¢ oot (clearcat), Above
the bars (hedw only), sigmificant differences (at P =< 0.05)
compared o random plats ate fabeled wsing astenisks ().

snake plot where snake was located) were more fre-
quently nearer lobloliy pines (40%) than expected,
and nearer longleaf (174} and slash pines {33%) as
expected (center of RAN plot; Fig. 5BY. CAF snake
points were more frequently nearer iongleaf {239%)
and slash pines (465%) than expected {cenier of
BAN plot; Fig. 5B). NAT and CAP snake points
cach were more and less frequently nearer shortleaf
pmes (9 and 7%, respectively) and hardwoods (5
and 8%, respectively), respectively, than expected
{center of RAN plot; Fig. SB)

NAT and CAP snake plots contained fewer
canopy hardwoods (mean number of trees £ 95% CI
on NAT and CAP snake plots, respectively, 022 %
009, range = -85, 7 = 519; (049 £ 0.24, 0-5.0, n
= 179} than expected (RAN plots; Fig. 50). NAT
and AP snake plots alse contained fewer midstory
hardwoods (mean mmmber of trees = 95% CI on
MNAT and CAP snake plots, respectively, 0.32 £ (.25,
O-14.3, n = 519; 8.37 2 0,14, G-6.0, # = 179 than
expected (RAN piots; Fig. 3C). NAT snake plots
contained more canopy pines than did CAP snake
plois fmean number of trees + 95% CI on NAT and
CAP snake plots, respectively, 8.9 £ 0.95,0-34.0, n
= 519; 6.4 = 0.89, 0-38.0, u = 179; Fig. 5C)

NAT and CAP =nake plots contained the
expecied (RAN plots} number of logs and thus there
were o significent differences (P = 0.05) in the

Plots (%)

Figure 4. {A) Proximity of MAT {n = 519, black bars) and
CAP (n = 172, grey bars} snake plots to nearesi habitat
edge compared to RAM plots {# = 100, open bars). (B}
Nearast different habitat {= 200 m; al} forest iypes
grouped together) to NAT (n = 265, black bars) and CAP
(n = 172, grey bars) snake plots compared to RAN plots
{r = 100, open bars). Abbreviation used is plantation
(pioe plantation}.

number of logs on MAT and CAP snake plots and on
RAN piots. Most NAT and CAP srake plots (58 and
589, respectively) contained less than four logs and
few plots (23 and 22%, respectively) contained
more than five logs) NAT snake plots contaiped a
higher percent of pine logs (82.5%) than expected
(RAN plots; Fig. 6). NAT and CAP snake plots con-
tained a high percent of highly decayed logs (81 and
T4, respeciively) and & low percent of hollow logs
(14 and 24%, respectively) as expected (RAN plots:
Fig. 6). NAT and CAP snake plots contained the
expected {RAMN plots) percent of foliage €25 and
20%, respectively) and branches (8 and 9%, respec-
tively), and Tess {eaf litter (38 and 55%. respective-
Iy}, canopy closure {25 and 17%, respectively; Fig.
Ty, and nomber of stems (3 and 5%, respectively)
than expected (RAN plots; Fig. 8A).
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Figure 5. (AY Mean number of trees on MAT {n = 519,
back bars} and CAF {r = 179, grey bars) snake plots
compared t¢ RAN plots (n = 180, open bars). (B) Nearest
tres species/type (= 15 m; all non-pines grouped togeth-
er} o NAT {n = 34%, black bars) and CAP in =92, grey
bars) snake points compared to random points (= 67,
open bars}. Points represent the cenier of plors.
Abbreviations used are lob (Jobiolly pined, long fiongleaf
pine}, short {shortleal pine), and siash (slash pise). {(C)
Number of trees {by size class and type) on NAT (n =
51%, black bars) and CAP {n = 179, grey bars) snake plots
compared to RAN plots (p = 106, €I = (.95, open bars}.
Abbreviations used are can. hedw {canopy hardwood),
mud. hrdw imidstory hardweod), can. pine (canopy pine},
and mid. pine (midstory ping). Canapy trees have a DEH
(diameter at breast heightt =2 25 cm, and midstery rees
have a QBH < 25 <.

Podeet Gopher Mounds and Open Mammal Burrows

NAT apd CAP snake plots contained more pock-
et gopher mounds (mean number of mownds & 95%
CI on NAT and CAP snake plots, respectively, 31 +

Figure £ Characterisiics of logs an NAT (r = 519, black
Bars} and CAP (r = 172, grey bars) snake ploks compared
to RAM plots (r = 100, apen bars). Abbreviation used is
highly decayed (= 50% of bark remaining on Iogh.

25 range = 211, p=519; 27T £ 42 1M, n =
179} than expected, but few open mammal bomows
{mean number of burrows x 95% CI on NAT and
CAP spake plots, respectively, 3 + 0.1, 0-24, o =
5154 20,1 0-23, r = 179) a5 expected (RAN plots;
Fig. 8A). Pocket gopher mounds were less frequent-
Iy located on NAT and CAP snake plots in clearcnts
(3 and 1%, respectively, of plots contaiming mounds)
than expected (RAN plots; Fig. 8B). Mounds were
more frequently on CAP snake plots in pine planta-
tions {(45%) and less frequently in pine forests {35%)
than expected (RAN plots; Fig. 8B). Mounds were
more frequent as expected on NAT and CAP snake
plois where the most abundant trees were loblolly
(37 and 34%, respectively, of plots containing
mounds and frees) and shostleaf pine {7 and 3%,

&0

Plot (%)

fultage branches leaFlitter oA, dies.
Linderstory Cover and Canopy Clasure

Figare 7. Understory cover percents an MAT {n = 519,
black bars)} and CAF {r = 179, grey bars) snake plots and
canopy closure percent over the center of NAT and CAP
snake plois compared to RAN plots {r = 104, open barz).
Abbreviation used i3 can. clos. (canopy clagure).
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TABLE 2. Habitar selection of captive-bred individuals of Pitwophis ruthveni after relsaze at study area. Al snakes
were individually released at one point at the edge of the specified habitars. Afier Release locations were recarded the
day after release {when snakes were first radiotracked) and thereafter. All Forests are pitie-dominated. An astedsk )
indicates habitats in which snakes are found significandy more often (P < 005} than in other habitats. All locations for
cach snake are = 5 m from the immediately preceding Iocation for each respective spake. A mimimum of five expected
Iocations in all habfiats that were present (as edgest af each snake's point of release was required for statistical analy-
sts. A Chi-square (3%) goodness of fit tested the muli hypothesis that snakes are ta be expected in each habitat with equal
frequency. See Fig, 3 for mean percent of saake locations by habiiat.

Snake Habitat daf 22
1D No, Poini of Release After Release
(% of snake locations)
34 forest, grassland, forest {14%), grassland (85%), 2 79.71*
pine plantation pine plantation (86%)
35 clearcut, forest clearcut {290}, forest fO8%:) i 40.20%
36 elearcut, forast, clearcut {705}, forest (309, 2 27.62¢
grassiand grassland (%)
37 foresi, forest {(41%), grasstand (6%}, i 0.24
pine plantation pine plantation {53%)
38 clearcut, forest clearcuk (0%, forest (100%} - -
30 clearcut, forest, clearcut {(1%), forest (R0%), - -
grassiand grassland (20%)
43 forest, grassland, Eorest (579%), prassland (149%), 2 2.80
pine plantation pine plantation (Z9%)
42 clearcut, forest, clearcut {11641, forest {22%), 2 467
gragsiand eragsland (679
respectively), and less frequent than expected where DISCUSSION

slash pines were most aslumdant (47 and 33%,
respectively; RAN plots; Fig. 3C). Mounds wers
also less frequent than expected on NAT snake plots
where the most abundant wees were Iongieaf pine
(8%} and hardwoeds (1%; RAN plois; Fig. 8Ch,

Soil

Although not significant, meore sand than silt
and clay particles were present in the soil samples
under loblodly pine (sand:siltclay = 7.0:1.7:1.3; dF
=3, ¥* = .07, F = 0.03) and under longleaf, shori-
leaf, and slash pines (7.0:2.3:0.7; df = 3, 5% = 6.43,
F = 0.05). Relatively fewer sand and clay particles
and refatively more silt particles were present in fhe
sojl samples under svcamore (sand:siitclay =
4.7:3.0:0.3) than in the samples under pines (P =
0.03). Soil pH {6.6-7.0) did not sigaificantly differ
tetween tee species (df = 4, »2 = 002, P = 005).

Movement Patterns

NAT snakes were most active from 13
March-27 November, with a short period of dor-
macy from December—February. By contrast,
CAP snakes were active throughowt the year, which
may have been a response o surgery performed
during Movember. Snakes undergoing surgery afier
September were more frequently found in the open
during the initial months afier release, perhaps in an
atternpt (¢ enhance their rates of healing from sur-
gery by basking in the sun (Rudolph et al. 1998).
All snakes, regardiess of whether they were dor-
mant or active, were wsvally in marmmal fmostly
pocket gopher) burrows. Mammat bumows provide
safety from predators and the mammals themselves
are the snakes’ main food sowce (Brown and
Parker 1952; Vandeventer and Young 1989; Wright
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and Wright 1957}, In addition, extreme surface
temperatures can he avoided by sheltering under-
gronnd, where temperatures are less variable,

The higher overall aumber of observations of
P. ruthveni in the open during the spring and fall

than during the summer and winter may indicate a
bimodal pattern of seasonal activity. Bimodal sea-
sonal activity patterns have been observed in sever-
al other species of snakes in warm temperate cli-
mates {e.g., Diadophis punctarus, Heferodon
Platirhinos, H simus, Virginia valeriae [Gibbons
and Sembisch 19871). Seasonal activity is deter-
mined by three essential namral history compo-
nents: survival, reproduction, and feedine {Gibbons
and. Semnlitsch 1987). Subtersanean snakes such as
Pitiophis may be more active in spring and fall if
above-ground movement is assoclated with repro-
ductive activity such as mating or searching for
aviposition sites (Gibbons and Semlitsch 1987).
Decreased ghove-ground ackivity in summer and
wititer may be due to avoidance of hot and eold sur-
face temperaivres, respectively, which may be life-
threatening 10 ectotherms such as snakes {Cowles
and Bogert 1944).

Likewise, the higher overall mumber of observa-
ttons of £ ruthveni m the open during the late morm-
ing and mid-aftermoon than during the early after-
nocn and night may indicate a bimodal patern of
daily swface activity. Bimodal daily activity patterns
have also been reported for Crotalus atrox (Landreth
1973), Heterodon plativhines ¢Platt 1963, and
Thamnophis radix {Heclaotte 19620, Daily activity
may be a function of searhing for food or 2 mate,
predator avoidance, or thermorepniation (Gibbons
and Semfitsch 1987). Far subterranean snakes such
as Prruophis, which maineain lower active body tem-
peratwes than do more termestrizl snakes (Brattstrom
1965, Parker and Brown 1980%, a bimodal daily
activity pattern allows the maistenance of lower
body temperamies through avoidance of higher mid-
day temperatures (Bogert 1549, 1959}

The lower vagilities and smaller home ranges of
CAP snakes may have been dye to the snakes’ intro-
duction into an unfamiliar habitat after a lifstime in
captivity, as well as to their levels of eadurance,
which are typically lower in younger and smaller
shakes (Pough 1978). Altematively, the smaller size
of CAP snakes may have enabled them to access
more mammal burrows, pacticularly of smail
rodents, thereby potentially increasing the snakes’
foraging success within a relatively small area. Also,
because smaller individuals of P. ruthveni are more
vulnerable to predation than are larger individuals (7.
Himes and L. Hardy, pers. obs. 1996, 1997), the
smaller snakes may limit the extent of their move-
menis o fessen their conspicmity (o predators.
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Habitat Relations

By comparing the habitats wsed by P. ruthvent
to the frequencies of the different habitats through-
out the study area, we can determine habitat prefer-
ences. Pine snakes were most frequent in pine habi-
tats (pine forests and pine plantations for MNAT
snakes, pine plantations for CAP snakes) and less
frequent in the remaining forest types and clearcuts.

Pitwophis ruthvent 15 closely associated with
pocket gophers (Rudolph and Burgdorf 1997;
Vandeventer and Young 1939), as evidenced by the
frequency of individoals of P. rufhveni immediate-
ly adjacent to pocket gopher bumow systems, the
prapensiey of snakes that are disiurbed on the soe-
face to retreat to nearby pocket gopher burrows, the
exchusive occurrence of hibernation sites in pocket
gopher burrow systems, and the use of pocket
gophers as food (Rudelph and Burgdorf 1997).
Indeed, individuals of £. ruthveni in this smdy were
consistently found in areas containing an abun-
dance of pocket gopher mounds.

Pocket gopher mounds on MNAT snake plots
were more frequent in pine forests and were less fre-
quent in al} ather forest fypes and in clearcuts. Pocket
gopher mounds on CAF snake plots were more fre-
quent in pine plantations and were less frequent in
clearcuts. This similarity in frequented habitats
between pocket gophers and pine snakes indicates
that habitat selection by pine snakes is determined in
turn by habirat selection by pocket gophers.

NAT snakes were = 200 s from the nearest
habitat edge most frequently; the interior of pire
forests and pine plantations were especially fre-
quented_ Individuvals of P. m. melanolencis in New
Jersey also showed no preference for habitat edges,
possibly heeanse the snakes fed on small mammals
not lismited to ecotones (Burper apd Zappalorti
1988). By contrast, CAP snakes were = 100 m from
the nearest habitat edge most frequently. However,
this was probably because CAP snakes were
released at habitat edges and moved shorter dis-
tances than did NAT snakes. Monitoring of CAP
snakes over a longer period may have been neces-
sary o determine whether they would select the
habitat interiors ag weil.

NAT and CAP snakes that were located outside
a forest, but < 200 from the nearest habitat edge,
were ususlly nearest a forest and in a pine planta-
tion, further exemphifying the importance of piney
habitats t» pine snakes. The peneral absence of
NAT snakes in of near clearcats may be cansed by

the scarcity of pocket gophers in this habitat,
Workers from International Paper Company, who
managed the siudy site for timber, spraved the
clearcuts with herbicides {Accord® and Arsenal®)
te prevent herbaceous plant growth and natural tree
succession. The reduction of herbaceous plant
grawth results in Jess forage Tor pocket gophers
{Rndolph and Buorgdorf 1997), which may account
for the avoidance of these areas by pocket gophers
and, in tul, pine snakes. In addition, many pesti-
cides cause direct and indirect mortality of reptiles
and mammals (e.z., Clark 1988

MAT and CAP snakes were on plots containing
few large (= 25 cm DBH) trees. Moreover, CAP
snakes were frequently on plots lacking trees.
Selection for areas containing few large trees (e.g.,
pine plantations) accounted for the less canopy clo-
sure op snake plots than expected. Less canopy clo-
sure aliows greater sunlight penetration, leading to
more sundight stoking the forest floor and, as a
result, increasing the growth of herbaceous vepeta-
ton in the understory. This vegetation, which is the
main component of pocket gopher forage (Lowery
1974}, supports more pocket gophers and, in furn,
ping snakes. The few stems (trees < 25 e DBH) on
snake plets also led to greater sunlight penetsation;
an abundance of stems forms a dense midstory that
blocks out ight. In addition, areas on the surface
receiving greater sunlight intensity may offer suit-
able nesting sites to female pine snakes by attaining
warmer soil tesnperatures, thus enhancing egg incu-
bation (e.g.. P. m. melanoleucus [Burger and
Zappalorti 1985]).

MAT snakes were nearer toblolly and shortleaf
pines more frequently and nearer hardwoods less
frequently than expected. Similarly, pocket gopher
mounds on NAT snake plots were nearer lobloily
and shortleal pines more frequently and nearer
nardwonds fess frequently. This similarity in fre-
quented microhabitats between pocket gophers and
NAT snakes further indicates that habirat selection
by naturally occursing pine snakes is determined in
turn by habitat selection by pocket gophers. A clear
relationship between microhabitar selection by
CAP snakes and by pocket gophers was not evi-
dent. Seven of the eight CAP snakes were juveniles
and thus pocksi gophers may not constitute as
essential a food source as do smaller rodents (e.g.,
woodland voles [Microws pinetorwm] and cotton
rats [Sigmodon hispidus]). In addition, Microtus
and Sigmodon excavaie or use bumows that may
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provide refugia for jovenile pine snakes as well
(Lawery 1974; ]. Himes, pers. obs, 1994, 1997).

NAT and CAP snakes were on plots containing
few canopy and midstory hardwoods, exemplifying
the scarcity of pine snakes in hardwood-deminated
forests. However, NAT apd CAP snakes were on
plots containing the expected number of canopy
‘and midstory pines. Thus, the number of pines by
canopy ¢lass is probably unimportant 1o pine
snakes. In addition, NAT and CAP snakes were
tarely located under debris or in logs and thus log
abundance and characteristics are probably also
upimportant to pine snakes, which preferentially
shelter in pocket gopher buwmows (Rudolph and
Burgdort 1997; 1. Himes and L. Hardy, pers. obs.
1994, 1997, Nonetheless, NAT snakes were on
plots containing an abundance of pine logs, proba-
bly because these snakes prefewed pine forests.
Lastly, NAT and CAP snakes were located where
understory cover was relatively sparse.

Soii wnder all pine species at the study site con-
iatned more large particles (sand) compared & soi)
under sycamare. Excavation is probably facilitated
by larger particle size and thus obligatory and fac-
ntative burrowers such as pocket gophers and P
rithveni, respectively, may prefer the sandy soils
assuciated with pine forests. Moreover, female pine
snakes may prefer to nest in soft sand of {s.g2., P. m.
melanolencus: Burger and Zappalorti 1986).

Conservation

Rangewide habitat destruction and homan per-
secullont have reduced patural gopelations of P
ruthvent to the point that this is arguably the rarest
endemic species of snake in the U.5. (Fennings and
Fritts 1983; Reichiing 1988a, 1989; Vandeventer
and Young 1989). Lacking federal protection, P.
ruthveni will probably become threatened further if
consexvation steps are not taken. Most racords of P.
rutiveni since 1980 have come from private prop-
erty in Bienville Parish that is managed for timber
(>. Rudoiph, pers. abs. 1993} At the stody site
alone, 35% ha were clearcut in 1997 and 2§19 ha
were o be cleaccnt in 1993 {both combined = 13%
of an approximaisly 4450 ha area). The long-term
impact of this habitat alteration on pine snakes
remains ¢ be seen. However, becanse pine snakes
frequent pine forests and avoid clearcuts, the effects
will probably be negarive.

Another potentially harmful type of habitat
slteration has been caused by suppression of the

historic fire regime. An savlier study on P, ruthveni
in eastern Texas indicated that pine snakes (as well
as their pocket gopher prey) are most commen
where a lush undersiory of herbacsous vegetation is
maintained by fires (Rudolph and Burgdod 1997).
However, the effects of wildfires have been limited
due (o fire suppression; by companson, prescribed
fires are generally less intense and are concentzated
in the late winter and early spring. Thos, the exten-
sive growth of herbaceces vegetation, which
depends on suplight penetrating the forest canopy
and reachung the wnderstory, has been largely
replaced by hardwoods that black out the incoming
sunlight (Rudolph and Burgdorf 1997). Fire sup-
pression and consequential hardwood encroach-
ment have also been prevalent at the Bienville
Parish study site (¥. Himes, pers. obs. 1996, 1997).

tJnfess the extent of this habitat alteration in
areas containing populations of P. ruthveni is less-
ened or stopped, strategies besides habitat preserva-
tion may be needed to prevent this species from
becoming further threatened. The release of cap-
tive-bred individuais of P. ruthvent into areas con-
taining naturally cocumming conspecifies may bal-
ster natural pepulations. In this study, NAT and
CAFP spakes exhibited similar activity pattemns.
CAP snakes were {233 frequent in pine forests and
more frequent in clearcuts thap were NAT snakes.
In addition, at least one CAP snake each was found
most frequently in a pine forest, pine plantation,
grassland, and clearcnt, indicating that these snakes
were 1ot restricted to one habirat.

Hirnes et at, (2002) found that during their sec-
ond vear of life, CAP snakes experienced higher
winter survivorship and had growth rates nearly
identical to P. ¢. deserficola of the same age and
sex {(Parker and Brown 1%280). Moreover, three
CAP snakes were observed in the figld to contain a
large maidbody bulge that probably indicated recent
prey consumption. Thus, it appears that CAP snakes
were able fo survive and obtain enough food to
grow at a normal rate,

Although the initial resalis of this study are
EACOUrAging, (o accurately assess the applicability
of repatriation, repatriated snakes should be moni-
tored over several-year perfods (Dodd and Seigel
1991) and their nateral history data compared to
naturally occuming snakes in the same area. The
results, however, shouid be comsidered directly
applicable oniy to the population under investiga-
tion. Ultimately, in order for repatriation o be a
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successful conservation stratepy, relocated snakes
need 10 reproduce with natorally cccurring snakes
and not vacate the general arez of their release.
Lastly, snakes to be repatriated should be free of
disease (Dodd and Seigel 1991) and only released
kg theix originat gene pool to prevent outbreeding
depression (Reinert 1991),
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