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Ansrn,lcr. - Ecological observations were made on wood turtlesrClemmys insculptarfromMay 1991
to March 1993 in eastern West Virginia. Atong a L.7 km length of river, population structure was
estimated to be46Vo juveniler26%o female, and 28Vo male.Population size was estimate dat287-337,
with an estimated density of 19.1 turtles/hectare total habitat. Wood turtles showed rapid growth
during their first 7 years, after which growth gradually declined through year 16. Turtles used a
variety of habitats, including intensively farmed fields, and overwintered in pools of the river.
Mating occurred primarily in water at cool temperatures (< 15'C) during fall or early spring. Most
activity from May through September was terrestrial. Feeding began with emergence from water
in April and appeared to cease in fall when turtles returned to water. Food items included a variety
of invertebrates and vegetation.

Knv Wonos. - Reptilia; Testudinesl Emydidae; Clemmys insculptq turtle; ecology; growth; food
habits; population density; mating behavior; habitat; West Virginia; USA

wood turtles, Clenunvs irzsc ulptct, are moderately sized
(200 lnm carapace length) semi-aquatic turtles of the family
Emydidae, which inhabit areas of the northeastern United
States and adjacent parts of Canada (Ernst, lg72). They
prefer clear-flowing streams or rivers of sandy and rocky
substrates, with woodlands or meadows in close association
(Harding, 1991 ; Kauffman, 1992a). Wood turtles overwin-
ter and typically mate in water but during warmer months are
primarily terrestrial.

Cl.enurt):.s ir?.sc ulpta is in decline throughout much of its
range due to urban development, habitat destruction, and
commercial collecting (Harding, 1991). Most range states
have enacted protection for this species and during the last
decade its population status has been described in various
parts of the range (Lovich et.al., 1990; Harding, l99l;
Farrell and Graham ,1991 ; Quinn and Tate, l99l; Ross et al.
1991 ; Kauffmann, 1992a; Tuttle and Carroll , I99j).

In west virginra, C. insculptahas been reported only
from counties in the eastern panhandle, including Berkeley,
Hampshire, Hardy, Jefferson, Mineral, Morgan, and
Pendleton (Green and Pauley,, l98l; Niederberger, rg93).
This represents the southernmost extreme of the wood
turtle's range but little has been documented of its ecology
or population status in West Virginia, other than anecdotal
reports (Llewellyn, 1940; Green, 1948, 1969; Czarhowsky,
1980). The purpose of the present study is to characterize the
habitat, movements, growth rates, food habits, and popula-
tion structure of C. irtsculpta at one site in West Virginia,
which may serve as baseline data for future monitoring of its
status there.

STUDY AREA AND METHODS

wood turtles were studied from May l99l to March
1993. Most observations were made along a 1.7 km length

of river in eastern West Virginia. The river flows north to the
Potomac River through the foothills of the Ridge and Valley
Region east of the Allegheny Front. The exact location of the
site is being withheld to discourage commercial exploita-
tion. Turtles were collected by dip net in the river and by
hand in terrestrial habitats.

Habitat substrate in the study area is mostly Berks-
Weikert association (Curry, 1978); weathered shale, silt-
stone, and sandstone. During normal flow, this section of the
river is a cool, clear-flowing stream with a series of pools 50-
100 m long, up to 30 m wide, and I .0- I.l mdeep. The pools,
connected by short riffles, have steep banks, sandy or silty
shorelines, and rocky bottoms in the main channel. Most of
the terrestrial area near the river is modified by agricultural
activity. Cool season grass/legume combinations, alfalfa,
and field corn are the major crops, and cattle grazing is
common. Some of the pasture and hay fields close to the river
support small groves of black walnut (lugans nigra). These
create savannah-like overstories with very thick herbaceous
understories dominated by orchard grass (Dach'lis glonterata)
in summer. The immediate riparian areas are dominated by
a variety of trees including sycamore (Plantanus
acciclentalis), red maple (Acer rubrum), and yellow poplar
(Liriodendron tulipifera). Outer riparian areas also in-
clude black walnut (,/. nigra) and hickory (Cctr),e spp.)
among others. The mid-understory is dominated by mul-
tiflora rose (Rosa multiflora) and spicebush (Lindera
benzoirz). The lower understory contains a mix of small
herbaceous plants dominated by ground iuy ( Glechoma
hecleracea) and bluebells (Mertensia virginica) rn spring,
and reed canary -qrass (Phalaris arundinacea) through-
out the summer.

Data recorded for each turtle captured included date,
location, weather conditions, arr temperature, and water
temperature. Sex was determined by presence or absence of
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male characteristics including plastral concavity, broad
squared head, robust limbs with large scales, and broad tail
with cloacal opening posterior to the rear margin of the

carapace. These characteristics are evident in males 160-
ll0 mm carapace length or larger. Females generally retain
juvenile external characteristics (Harding and Bloomer,,
1979). Identification of females was based on age (annuh-rs

counts) cornbined with absence of male characteristics.
Turtles less than 9 years old were considered juvenile,

although sexual maturity in wood turtles may not be achieved
until 13 years (Farrell and Graham, 1991). Age was deter-
mined by counting annuli on the medial border of the right
abdominal scute. This is a useful aging estimate for wood

turtles up to about 16 years, and has been frequently applied
in other studies (e.9., Harding and Bloorner, 1979), although
the accuracy of this technique in snapping and painted turtles
(genera Chelyclra and Chrysel??_\',s) has recently been ques-

tioned (Brooks et al., l99l). Wood turtles were weighed
with a triple beam balance or a Terraillon electronic scale.

Maximum straight-line carapace length, width, hei-ght, and

plastron length were measured with calipers. Each turtle was

numbered and marked following a modification of Cagle
( 1939). Small holes were drilled along the anterior or poste-
rior edge of the carapace or plastron representing a numeri-
cal code.

Feeding habits were examined by the stomach flushing
technique described by Legler ( l9l1). Specific movement
patterns of four adult turtles were observed by means of
small (30 g) radio transmitters (Holohill Systems). These

were secured to the posterior carapace with nylon straps

passing through small drilled holes. Turtles with transmit-
ters were released at their capture site and tracked weekly
from June 1992 through January 1993. A hand-held radio

receiver (Telonics TRZ) and directional antenna were used

to track the signal. Courtship behavior was observed by

holding turtles for 1-3 hrs in a wire mesh enclosure (2 m x

0.6 m) placed in the stream so that the floor was approxi-
mately 0.3 m under water. Activities were recorded with a

video camera. Growth, indicated by carapace and plastron

lengths, was determined by direct measurement of recap-

rzz Juveniles r Males

r Females

tured turtles and by age classes which were estimated by

counting growth annuli. Population estimates were calculated

following Schnabel ( 1938) and density was estimated for river
area and total area (tenestrial and aquatic). The ratio of males

to females was tested by chi-square goodness-of-fit.

RESULTS

A total 187 wood turtles was marked and released

within the 1.7 km section of the study area from September

l99l through May 1993. Based on number of growth annuli,
the youngest individuals which could be distinguished as

males were 9 years old. The marked sample was 467o (86)

juvenile,267o (49) fernale, and 287o (52) male (Fig. 1). Sex

ratio, tested by chi-square, was not different from I : I (p >
0.05).Of 103 recaptures in the study area 45 occurred atler
sufficient elapsed time (> 2 months during the growiu-s

season) to potentially demonstrate growth (Table I ). The

growing season was considered to be May throu-eh October

based on turtle activity, observed feedin-e, and previot-ts

reports (e.-q., Farrell and Graham, l99l). Direct rneasllre-

ment of recaptures was obtained for l2 juveniles in ei-sht a-qe

classes, 9 males or females in seven a.-ge classes. and l+
adults of unknown age (Table I ). Growth estimates \\'ere

plotted for plastron length and carapace len-eth versLls esti-
mated age based on -srowth rings (Fi,_e .2). As expected. the

curve indicates rapid initial -qrowth which sharply decreases

after year 7 .

Population size. calculated by the Schnabel index. was

estimated to be 200juveniles (0-8 years ).73 fernales. and 64

males f or a total of 337 turtles. Usin-e the same recapture data

for juveniles and adults collectir,'ely. the index produced an

estimate of 287 turtles. Water surface area of the study area

is approximately 0.17 ha. and based on 287 turtles. the

density would be 1688 turtles/ha river or 169 turtles/km
river. Movements and habitat preference indicated that the

terrestrial area utilized was about 15 ha, which sug-gests a

density of 19.1 wood turtles/ha total habitat.

Turtles did not appear evenly dispersed throughout the

study area. This was especially evident during winter when
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Figure 1. Population size structure (length - frequency distribution) of 187 C. insculptct.
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Table 1. Growth (mm plastron length) of C. insculpra based on 45
recaptures in West Virginia. Twenty-four of the recaptures were
undetermined-age adults (plastron lengths 17 5-222 mm) which
showed no measurable growth.

Plastron Length
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Growth Elapsed
Period Capnrre Recapture Time
Age Sex Date Date (mo)

Capture Recapture Percent
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the population was strongly concentrated in pools of the
river. They were observed wintering (October - March) in
water 2-9"C and 0.7-1.0 m deep. Turtles were frequently
seen partially covered with silt and laying dormant on the
bottom or along bank undercuts with exposed tree roots.
During spring and fall sampling, 0.5 km of river accounted
for 75%o (145) of the captures, including nearly all of the
recaptures. Turtles in water were often (> 50Vo) parasitrzed
by the leech Placobdella parasitica. These were usually
attached along the anterior plastral seam or at the base of the
tail near the cloaca. Brewster and Brewster ( 1986) also noted
leech parasitism in C. insculpta. Wood turtles were not
observed in terrestrial habitats until early March when air
temperature reache dzz"Cand the river was 9-I0oC. Through
March and April, turtles periodically returned to the river
during cool periods. From May through September in 199I
and 1992,57 turtles were located in terrestrial habitats (937o

of the captures during those time periods) whereas only 4
(7 Vo) were found in water. Overall capture by month was
heavily skewed toward spring and fall when turtles were
concentrated in or near the river. From June through August,
female captures were higher than males (22F: 14M) and
from September through December more males were
located ( 18F:49M). This appears to coincide with differ-
ent reproductive activities of the sexes. Females are most
active out of water when traveling to nesting sites in the
summer and males are more active in fall and winter as

they search in the river for mates (Harding and Bloomer,
I9l9). No apparent difference in frequency was ob-
served during other months.

Four adult C. insculpta (two males and two females)
were radio-tracked in the study areastarting in June and July

Figure 2. Mean plastron length (open symbols) and carapace
length (solid symbols) for each age class (estimates based on
numbers of annuli for all C. insculpta captured).

1992.Individuals were located approximately every week
through October and less frequently through January (Fig.
3). From June through August, these turtles were frequently
found in wooded riparian areas and cornfields. Only two
sightings (of a single male in August) were in water. After
periods of rain, turtles with transmitters made longer move-
ments farther from the river. The greatest perpendicular
distance traveled from the river was approximately 200 m,
recorded for the two males. During September, all four
turtles were located at least once in the river (44Vo of
sightings; water temperature I8-22"C). From october
through January all sightings were in water (1-14"C) or on
banks immediately adjacent to the river, except for one male
located 20 m from the river on 23 October. During winter,
turtles with transmitters were generally dormant on the
bottom of the river about 1 m deep or lodged in undercuts
along the bank. All four turtles changed location within a
single pool from December through January, but move-
ments were very limited.

Stomach contents of 16 adults were examined. All 13

turtles examined in terrestrial habitats (May through Au-
gust) had food in their stomachs. Earthworms were found in
6 (467o) and were the major component in 3 (237o). Beerles,
millipedes, and slugs were found in 5 (387o) and were also
the major component in 3 (237o). Vegetation was found in 9
(69vo) and was the major component in 2 (r57o) which
contained mostly greenbrier (Smilax) leaves. Carrion was
the major component in 3 (237o), one of which could be
identified as avian. Stomachs of 3 males captured in the river
in October, November, and March were all empty.

Mating observed during the study was mostly in water,
or at the edge, suggesting that the female had dragged the
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mounted male out of water. However, one pair of wood
turtles was found 14 September (air temperature 30'C)
copulating 30 m from the river. Nineteen courting pairs were
observed from September through December and four court-
ship events were seen in March and April. Water tempera-
tures were usually near 10"C. However, one mating was

observed in mid-winter ( 18 January) at l"C water tempera-
ture. Courtship behavior observed for two pairs of turtles
held in a wire enclosure in water l4"C indicated males
aggressively pursue females by grasping their shell with all
four feet, and use a variety of head and neck displays. These
displays consist of male turtles "posing" for 30 sec to a

minute with the head fully extended, then the head turned to
one side or another, exposing the prominent orange skin of
the neck, similar to the behavior reported by Barzllay ( I 9 80a).
In subsequent trials, aggression was noted between males,

with one male dominating with open mouth displays and
pursuing another apparently subordinate male which moved
away. Although nesting was not observed, one female killed
by an automobile on a nearby roadway on 9 June contained
fully developed eggs.

DISCUSSION

Density of wood turtles (19.|/ha total habitat) at our
study site in West Virginia appears to be greater than found
for this species in other states. For New Jersey populations,
Harding and Bloomer ( 1979) reported 12.4 turtles/ha and

Farrell and Graham ( 1991) reported 10.7 /ha. Tuttle and

Carroll (1997) reporte d2.6 turtleslha in New Hampshire but
stated their figure may be conservative. Population structure
(frequency of juveniles, males, and females) in West Vir-
ginia appears to be similar to the New Jersey population
reported by Farrell and Graham (1991) and the New Hamp-
shire population reported by Tuttle and Carroll (1997).

Males and females are about equal and recruitment indicated
by the relatively high percentage ofjuveniles (46Vo) appears

to be strong. Lower frequency of juveniles in other states
(e.g., Michigan; Harding and Bloomer, 1979) presumably

MF
DEC.-JAN. 1992-93

indicates populations with lower recruitment and less stable
populations.

Habitat utilization by West Virginia C. insculpta is
similar to that of wood turtles in more northern areas. Wood
turtles throughout the range overwinter from October or
November through March, mostly in deep pools of streams
or rivers (Harding and Bloomer, 1979; Ernst, 1986; Farrell
and Graham, I99I; Kauffman, 1992b). Movement from
water in late March or early April appears to be mostly
influenced by ambient temperature, as is presumably the
return of wood turtles to streams in October. The solitary,
wide-ranging terrestrial activity observed during summer in
West Virginia is fairly typical of turtles in other regions,
although northern populations may be somewhat more aquatic
(Carroll and Ehrenfeld, 1978; Harding and Bloomer, 1979;
Barzrlay, 1980b; Ernst, 1986; Brewster and Brewster, I 99I).

Clemmys insculpta in West Virginia probably enter
winter dormancy with empty stomachs and feed very little or
not at all while passing the winter in streams. There are no
reports of wood turtles feeding from October through March.
During warm periods of the year., when these turtles are
primarily terrestrial, earthworms are seemingly the most
common food item of West Virginia turtles. Other studies
have shown that plant material is much more common
(Harding and Bloomer, 1979; Strang, 1983). Considering
the relatively small sample, this difference might be the
result of moist conditions and availability of earthworms
during our sampling periods.

As with wood turtles in Pennsylvania (Lovich et al.,
1990), turtles in West Virginia show rapid initial growth to
age 9, then slower growth through year 16, with little if any
growth thereafter. Farrell and Graham (1991) reported that
C. insculpta in New Jersey show an increase in growth at
ages 8 and 9. We found no evidence for this in West Virginia.
Overall, it appears that turtles in West Virginia grow some-
what faster than turtles from more northern populations
(Brooks et.al. , l99l ). Mean plastron length of age classes in
West Virginia was about 20 mm longer than those found for
the same age turtles in New Jersey (Farrell and Graham,

MF
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MF
SEPTEMBER 1992

Figure 3. Graph of habitat use shown as percentage of sitings in each habitat for 2 females and 2 males followed weekly by radio-tracking.
Black = river; white = riparian hardwoods; dark gray = corn field; light gray = unmowed pasture field.
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1991). Faster growth in West Virginia might be attributed to
a slightly longer growing season and/or greater abundance
of food.

In conclusion, the wood turtle population we studied
seems to be robust compared to popr"rlations elsewhere,
however, the occurrence of C. insculpta rn West Virginia,
even within favorable habitats such as this site, appears to be
localized (Niederberger, I 993). The future of this species in
West Virginia, as elsewhere, depends upon prohibiting
collecting activities as well as habitat protection.

AcTNowLEDGMENTS

We thank the West Virginia Division of Natural Re-

sources (WVDNR) for providing resources, personnel, and

time for this research. Two WVDNR non-game financial
grants (1991-92) were provided (MES). The WVDNR
personnel who assisted with field research were Scott
Butterworth, Rich Rogers, Bob Smith, and Gary Strawn.
WVDNR also provided secretarial assistance (Linda Ratliff)
and compllter facilities. Fred Ault of West Vir..einia Univer-
sity assisted in providing land use information and access to
the study site. Dan K. Evans and Thomas Pauley, Depart-
ment of Biological Sciences, Marshall University, provided
valuable advice as members of AJN's thesis committee.
Field research assistance was provided by many friends and
family.

LITERATURE CITET)

BnRzlLRy, S.S. 1980a. Aggre ssive behavior in the wood turtle.
Clemntt,s insc'ulptct. J. Herpetol. l4:89-9 I .

Bnnzrnv, S.S. 1980b. Orientation and homing of the wood turtle
(C I entnr_l,s insc'r il ptct). Ph.D. Thesis, Rutgers University.

BnEwsrEn, K.N., AND BnEwsrEn, C.M. I 986. Lifbhistorynotes. Clenmn,s

irtsctilptcr (wood turtle). Ectoparasitisrn. Herp. Rev. 17:48.

BnEwsrEn, K.N., AND BnErvsrpn. C.M . 1991. Movement and micro-
habitat use by juvenile wood turtles introduced into a riparian
habitat. J. Herpetol. 25:379-382.

Bnoorcs, R.J., KnnwcHur, M.A., StEveNS, C., nNo KopeR, N. 1997.
Testing the precision and accuracy of age estimation using lines in
sclrtes of Chelt,clrct serpentirru and Chrysernvs pictct J. Herpetol.
3l:521-529.

Bnoors, R.J., SHrlrox. C.M., BRowN, G.P., AND QurruN, N.W.S .1991.
Body size, age distribution, and reproduction in a northern popLl-

lation of wood turtles (Cl e nt n n's i rt s c' ul p/a ). Can . J . Zool. 1 0:462-469 .

CRcLE, F.R. 1939. A systern of marking turtles for future identifica-
tion. Copeia 1939:170-173.

CRRRoLL, T.E., AND EuRENTELn, D.W. 1978. Intermediate-range
homing in the wood turtle, Clenunt,s irtsculltta. Copeia I 918:l 17 -126.

CuRRy, W.H. 1978. Soil survey of Hampshire, Mineral and Morgan

CHEloNtnN CoNSERVATToN AND BroLocy, Volume 3, Nuntber 3 - 1999

counties, West Virginia. USDA SCS Coop WVU Agri. Exp.

Station, l3 I pp.

CznnHowsKy, R.J. 1980. A Guide to the Amphibians and Reptiles of
the Cooper's Cove Area. Privately printed, 104 pp.

ERttst, C.H. 1912. Clenunt,s irtsculpta. Cat. Amer. Amph. Rept.

t25.t-t25.2.
EnNSr, C.H. 1986. Environmental temperatures and activities in the

wood turtle, Clenmn,s irtsculpta. J. Herpetol. 20:222-229.

FannEI-t-,, R.F'., AND Gnnuau. T.E. 1991. Ecological notes on the turtle
Clenunt's irtsculpta in northwestem New Jersey. J. Herpetol. 25: I -9.

GREeN, N.B . 1948. Toads, trogs and turtles. West Virginia Conserv.
l2:ll-12,21-22

GRSEN, N.B . 1969. The occurrence and distribution of turtles in West

Virginia. Proc. West Virginia Acad. Sci. 41:l-14.
GREEN, N.B., AND PRuLEy, T.K. 1987 . Amphibians and Reptiles in

West Virginia. Pittsburgh: Univ. Pittsburgh Press ,241 pp.

HnnorNc, J.H. 1991. A twenty year wood turtle study in Michigan:
implications for conservation. In: Beaman, K.R., Caporaso, F.,

McKeown, S., and Graff, M.D. (Eds.). Proceedings of the First
International Symposium on Turtles and Tortoises: Conservation

and Captive Husbandry, pp. 3l-35.
HnnnrNc, J.H., AND BloovrEn, T.J. 1919. The wood tuftle, Clemmvs

irtsculptct: a natural history. Bull. New York Herp. Soc. 15:9-26.

KRUp'rvrRNN, J.H. 1992a. Habitat Llse by wood turlles in central
Pennsylvania. J. Herpetol. 26:3 I 5-321 .

KnurunNN, J.H. 1992b. The social behavior of wood turftles in central
Pennsylvania. Herpetol. Monogr. 6: l-25.

LEGLER, J.M. 1977 . Stomach flushing: a technique for chelonian
dietary studies. Herpetologica 33:281 -284.

LI-EwelLyN, L.M. 1940. The amphibians and reptiles of Mineral
County, West Vir-einia. Proc. West Virginia Acad. Sci. I 4:148-150.

LovrcH, J.E., ERNsr, C.H., AND McBnEEN, J.F. 1990. Growth. mAtn-

rity, and sexual dimorphism in the wood turtle, Clenunls irtsculpta.
Can. J. Zool. 68:672-671 .

NTEnEnnERGER, A.J. 1993. Aspects of the ecology of the wood turtle.
Clenunt's irtsculpta (Le Conte), in West Vir-einia. M.S. Thesis,,

Marshall University.

QurNN, N.W.S., AND TRre, D.P. 1991. Seasonal movement and habitat

of wood turtles (Clemntvs inscrilpta) in Algonquin Park, Canada.

J. Herpetol. 25 :217 -220.

Ross, D.A., BREwsrER, K.N., ArunensoN, R.K., RATNER, N., AND

BnEwsrEn, C.M . 1991. Aspects of the ecology of wood turtles,
Clenunt,s irtsculpta, rn Wisconsin. Can. Field Nat. 105:363 -367 .

ScHNaee\2.8 . 1938. The estimation of the total fish population of a

lake. Amer. Math. Month. 45:348-352.

SrnaNc, C.A. 1983. Spatial and temporal activity patterns in two
temestrial turtles. J. Herpetol. 17:43-47.

TurrLE, S.E., AND Cnnnoll, D.M. 1997. Ecology and natural history

of the wood turtle (Clemnn,s insculpta) in southem New Hampshire.

Linnaeus Fund research report. Chelonian Conser.'r. BioL2:41-M9.

Receivecl: 2l February 1998

Reviewecl: 3l October 1998

Revisecl ancl Ac'c:epted:20 February 1999


