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summarize our natural history observations on the local
herpetofauna and to discuss conservation and management
issues pertinent to these animals.
MATERIALS AND METHODS
Descriptions and locations of the ponds in the SVSP
system are found in Buhlmann et al. (1999). One of us
(JCM) first visited the SVSP system on 18 July 1986
during which several natural history observations were
made and specimens collected; these were donated to the
National Museum of Natural History. KAB began a
systematic inventory in late 1987 and, with the exception
of 1991 and 1993, both of us accumulated information on
all of the amphibians and reptiles in most months of the
year (January-October) through 1998. On 3 and 8 March
1988, we installed four isolated drift fences with pitfall
traps following designs in Gibbons and Semlitsch (1982)
adjacent to Ponds 2, 16, and 17, and between Ponds 12
and 13. We used single lengths of 7.5 x 0.6 m aluminum
flashing erected upright and buried in the ground about 10
cm. We buried a 19 1(5 gallon) plastic bucket flush to the
ground at each end of each fence. We placed water and
leaves in each pitfall to reduce animal mortality and
provide cover. Drift fence/pitfall arrays were in operation
1988 and 1989 from January until April during which we
checked the arrays every 1-2 days..
During each field trip to the SVSP system, we systematically surveyed several ponds visually and searched for
larval and adult amphibians, often using aquatic dip nets
to capture individuals. We measured many of the animals
caught (straight-line snout-vent length [SVL] for frogs,
salamanders, and snakes; carapace [CL] and plastron
length [PL] for turtles) to the nearest mm and weighed
many individuals with Pesola® scales to the nearest
gram. ,We also took notes on phenotypic variation,
abnormalities, injuries, and parasites. We marked turtles
by filing notches in the margin of the carapace using the
1-2-4-7 system described in Mitchell (1988). Tadpole
developmental stages follow the classification of Gosner
(1960).
RESULTS
We obtained information on 20 species of amphibians
(11 frogs and toads, 9 salamanders) and 10 species of
reptiles (4 turtles, 6 snakes). One of the salamander
species is listed as endangered by the Virginia Department
of Game and Inland Fisheries and one turtle is considered
to be sensitive to habitat alteration and commercial
harvest (Ernst et al., 1994).
Annotated species list
In the following species accounts, we _summarize
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observations and data accumulated over a 12-year period
on aspects of seasonal occurrence, ponds inhabited,
breeding dates, number of egg masses, larval presence and
growth, dates of metamorphosis, body size, and sexual
dimorphism. We also note effects of pond drying on
selected species. Pond names and numbers follow
Buhlmann et al. (1999). Common and scientific names
follow Crother (in press).
Frogs
Acris crepitans crepitans (Northern Cricket Frog)
(Ponds 2, 10, 13, 16, 17, 20, 23, 24, 33,' Maple Flats
North and South, Spring Pond)
This small frog was abundant in many of the sinkhole
ponds in the SVSP system. The first specimens collected
from this area were on 4, 11, and 18 July 1986 (USNM
347846-57, 347878-82). Dates of earliest and latest
observations of active individuals were 2 February and 27
September, respectively. We recorded calling males
between 18 May Sand 13 July. We observed adults in
amplexus on 28 June and metamorphs on 18 July, 1, 8, &
14 August, and 12 & 21 September. The smallest female
with yolked follicles was 20.6 mm SVL. One tadpole was
observed being eaten by a giant water bug (Lethocerus
americanus) on 1 August 1996. Of 40 frogs caught on 23
June 1997 at Pond 13, dorsal stripe color varied from red
(2.5%) to green (35%) to brown (62.5%). Females
(23.4±0.7 mm SVL, range = 22-25, n = 12;
1.3±0.2 g body mass, 1.1-1.4, n = 6) averaged \slightly
larger than males (21.0±1.4 mm SVL, 19-24, n = 43;
0.8±0.1 g, 0.7-0.9, n = 3). Only one abnormal individual
was caught, a female with a missing left rear foot found at
Quarles Pond on 27 April 1988.
Bufo americanus americanus (Eastern American Toad
(Ponds 2, 11, 12, 13, 14, 16)
We recorded breeding American toads from five ponds.
Dates of observation of adults were between 2 March and
8 May. Males were heard calling between 14 April and 8
May. We found a gravid female on 30 March 1988. We
noted tadpoles in Pond 14 on 23 March 1995. Three
males measured 63, 68, and 78 mm SVL; the latter two
weighed 35 and 45 g, respectively.
3. Bufo fowleri (Fowler's Toad) (Pond 2)
Fowler's toads apparently seldom use the sinkhole ponds
for breeding. Only in Pond 2 did we find tadpoles and this
was in shallow water that had been added to the pond by
rain after it had dried completely a month before. Two
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adults were collected on 18 July ,1986 on the trail near
Pond 11 (USNM 347862-63). Others were observed on
trails and in a shallow pool at the eastern end of the. Coal
Road. Dates of observation were between 17 May and 28
June. The largest male of the small sample, found on the
trail near Oak Pond, was 60 mm SVL and weighed 20.5
g; the largest female was 70 mm SVL and 37.5 g.
Hyla versicolor (Gray Treefrog) (Ponds 2, 11, 12, 13,
16, 17)
Gray treefrogs appear to be limited to a small number of
ponds in the area. We heard males calling between 17
May and 21 September. Only one adult was observed
outside this period, on 21' April 1989. We observed
tadpoles between 6 July and 2 August. We found one
recent metamorph on 17 September. Eight males measured 43-49 mm SVL (mean = 45.4±2.1).
Pseudacris crucifer crucifer (Northern Spring Peeper)
(Ponds 2, 3, 4, 8, 10, 11, 12, 13, 16, 17, 21, 23, 25, 27,
29, Kennedy Mountain Meadow, Maple Flats North and
South, Spring Pond),..
This was a common anuran in the SVSP system. Six
specimens were collected along the main trail between the
gate and Pond 12 on 18 July 1986 (USNM 347864-69).
Dates of calling were 2 February to 6 July and 17 September to 15 October. We observed amplexus on 29 April, 10
May, and 12 June. Tadpoles collected in June and July
were in widely different stages of development, indicating
multiple dates of egg deposition and variation in rates of
larval development. A sample of 30 tadpoles caught on 17
May 1988 in Kennedy Mountain Meadow were in Go- sner
(1960) developmental stages 29-38 (limb bud to nearly
full hind limb development). A sample of 14 tadpolescaught on 21 June 1988 in Pond 2 were in stages 29-44
(limb bud to nearly complete metamorphosis). We
observed other metamorphs on 28 June and 6 July. Male
vocalizations in fall months were not associated with
breeding.
Pseudacris feriarum feriarum (Upland Chorus Frog)
(Pond 10)
We heard one individual calling in Pond 10 on 25 March
1988 when it contained shallow water. Several localities
are known for this species in adjacent Rockingham
County but this is the only observation for Augusta
County (Mitchell & Reay, in press).
Rana-catesbeiana (American Bullfrog) (Pond 2, 11, 12,
13, 16, 17, Maple Flats North and South, Spring Pond)
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Bullfrogs breed only in ponds with nearly permanent
hydroperiods because tadpoles may take as long as two
years to reach metamorphosis. Juveniles and occasionally
adults inhabit ponds with highly dynamic hydrologies for
short periods of time but do not reproduce in them. The
first specimens collected were adults, one each from Pond
11 and Spring pond (USNM 3347870-71). We heard
males calling between 28 May and 13 July. Active
individuals were observed between 20 January and 7
October. We observed tadpoles in each month we visited
the ponds (January - October) and metamorphs on 6 July,
1 August, and 14 October. The largest tadpole we measured was 132 mm total length. Ten juveniles averaged
57.2±11.3 mm SVL (43-74). The only adult we measured
was a 146 mm SVL male. We found dead adults twice,
once in the bottom of Pond 16 on 20 January 1990,
possibly the result of freezing, and one on the main trail
near Maple Flats North on 19 September 1992 from
unknown causes.
Rana clamitans melanota (Northern Green Frog)
(Ponds 1, 2, 4, 11, 12, 13, 16, 17, 35, Maple Flats North
and South, Spring Pond)
Green frogs reproduce in sinkhole ponds that contain
water for most months of the year because tadpoles
require about a year to complete development. Pond
drying can cause massive mortality of tadpoles; many
tadpoles were found dead in the bottom of Pond 11 on 17
October 1998. Numerous metamorphs were present at
Pond 5 on 4 October 1987 but were all gone ten days
later. The first specimen from the area was a tadpole
collected from Maple Flats North on 18 July 1986.
Calling dates were between 10 May and 8 August; this is
presumably the breeding period. Dates of earliest and
latest active individuals were 29 January and 27 September,' respectively. We found tadpoles in multiple growth
stages, representing multiple bouts of reproduction, on 13
January 1995 in Pond 11, and we collected a series of
tadpoles from Pond 17 on 2 February 1990 that represented Gosner growth stages 25-36. We observed tadpoles
in Gosner stages 34 (n = 1), 35 (1), and 38 (3) on 17-18
May 1988. The largest tadpole we measured was 88 mm
total length. We found metamorphic individuals on 28
June and 6 July; one with a tail bud weighed 6.9 g.
Juveniles were observed in all months May through
October. Three juveniles averaged 36.9 mm SVL (33-40).
Rana palustris (Pickerel Frog) (Ponds 2, 11, 12, 13, 17,
32, Maple Flats North and South, Spring Pond)
Pickerel frogs are probably more abundant in the SVSP
system than observation records indicate. Almost half of
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our records were derived from the drift fence/pitfall
arrays. One adult was collected at Spring Pond and three
tadpoles were obtained from Maple Flats North on 11 July
1986 (USNM 347873, 347890-92). Males were heard
calling from 8 April to 6 June. We found one egg mass on
6 March 1996. We observed recently metamorphosed
juveniles on 14 August (26 mm SVL) and 19 September.
Two adult males were 50 and 53 mm SVL and two adult
females measured 62-66 mm SVL. Juveniles and adults
undoubtedly disperse through the SVSP complex on a
regular basis because they have been found in several
ephemeral ponds.
Rana sylvatica (Wood Frog) (Ponds 2, 11, 12, 13, 16,
17, 18, 23, 27)
Wood frogs breed earlier than any other anuran in the
SVSP system. Inclusive dates of, calling males are 2
February and 6 March. We found a gravid female on 14
March 1988 and pairs in amplexus on 27 February and 8
March. We observed egg masses between 24 February
and 21 April and predation by marbled salamanders
(Ambystoma opacum) larvae on the former date. Egg
masses accumulate heat during the day and are often
warmer than the surrounding open water (Waldman &
Ryan, 1983). Temperatures 2 cm deep in two egg masses
taken on a sunny 24 March 1995 were 24.2° C and 26.8°
C and those of the adjacent water were 16.0° C and 21.8°
C, respectively, at Pond 27. However, we found egg
masses frozen above the waterline on 3 March 1988 in
Pond 2, indicating the risks associated with breeding in
seasonally fluctuating ponds (Fig. 1). We found two
tadpoles (Gosner stages 37 and 39) on 21 June 1988.
Adult males (mean = 55.0±3.2 mm SVL, range = 49-61,
n = 12; 14.5±1.9 g body mass, 13.7-17.0, n = }2) were
smaller than adult females (mean = 63.5, 61-66, n = 2;
24.4 g, 21.5-27.3, n = 2; both females were gravid).
Scaphiopus holbrookii (Eastern Spadefoot)
Only one individual of this fossorial species has been
observed in the SVSP system. We collected an adult
female (45 mm SVL) on 12 June 1987 on the main trail
between Ponds 3 and 13. S.M. Roble (personal communication) confirmed the identification of a juvenile captured
and released on the trail near Twin Ponds during a heavy
rain on 10 June 1996.
Salamanders
12. Ambystoma maculatum (Spotted Salamander) (Ponds
2, 4, 5, 8, 9, 10, 13, 18, Elusive Pond, Kennedy Mountain
Meadow, Maple Flats North)
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Spotted salamanders, like all species in the genus
Ambystoma, are terrestrial as adults, but return to sinkhole
ponds to breed. Spotted salamanders entered sinkhole
ponds later than tiger salamanders (Ambystoma tigrinum)
(see below), and the larvae were sympatric with them and
A. opacum larvae in several ponds. We found three adults
under leaf litter at the edge of Pond 2 on 3 March 1988.
The earliest date we observed adults in the ponds was 2
February 1990. We observed fresh eggs in February and
early March. One egg mass had not hatched when observed on 21 April 1989. We measured individuals
undergoing metamorphosis during late June through
September in years when ponds retained water. Adults
may be abundant in some ponds but we have never found
many larvae. This may be due to the abundance of earlier
fall-breeding marbled salamander whose larvae are large
enough to eat hatchling spotted salamander larvae. High
dragonfly densities have been shown to induce changes in
coloration in tadpole tails (Caldwell, 1982; McCollum &
Leimberger, 1997). Two spotted salamander larvae
captured on 2 June 1998 in Pond 13 had diffuse black tail
tips, suggesting that A. maculatum may also exhibit
predator-induced polyphenism. The number of spots on
the dorsum of the body and head of adults varied from 831 (mean = 18.4±4.1, n = 78).
13. Ambystoma opacum (Marbled Salamander) (Ponds 2,
3, 4, 5, 6, 11, 12, 13, 14, 16, 17, 23, 27, 32, Spring Pond)
Like other ambystomatids, marbledsalamanders use many
of the SVSP ponds for breeding. Adults leave their
terrestrial, underground retreats in mid-September to
move to breeding ponds that are usually dry at this time.
Males deposit spermatophores in moist areas where they
are picked up by females for internal fertilization (Noble
& Brady, 1933). We found spermatophore stalks on 17
September. Females lay eggs under debris and moist logs
along the edges of the ponds and remain with them until
fall and winter rains. Water levels rise at varying rates but
ultimately inundate the eggs. This can be as late as
January in some years when the ground surrounding the
eggs appears frozen (e.g., winter of 1987-1988, KAB,
personal observation). Females then leave the ponds and
return to,underground retreats. Emersion in water causes
eggs to hatch in <1 wk to 2.5 months (Noble & Brady,
1933). We have observed larvae in ponds January through
mid-June. These larvae grow from about 11 mm SVL at
hatching to about 30-35 mm SVL at metamorphosis. They
often cannibalize each other and are important predators
of other ambystOmatid larvae in several ponds. Known
predators of marbled salamander larvae in some ponds are
larger A. tigrinum larvae and northern watersnakes
(Nerodia sipedon). Eggs of this species in this area are
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Fig. I. Wood frog eggs exposed by pond
drying, illustrating the potential variation of
reproductive success due to changing
environmentai conditions. (Photo by KAB.)

Fig. 2. The first Ambystoma tigrinum (a
recent metamorph) known from the .SVSP
system, Augusta County, Virginia (Photo by
JCIA.)

Fig. 3. Ambystoma tigrinum larva from the
Shenandoah Valley sinkhole pond system,
Augusta County, Virginia. (Photo by KAB.)
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apparently eaten occasionally by carnivorous millipeds,
Uroblaniulus jerseyi (Mitchell et al., 1996). We observed
successful reproduction in most years in ponds used for
breeding. However, when ponds dry before late-May, as
in 1997, all or most of the larvae die before reaching
metamorphosis. Of 31 individuals for which we have
phenotype data, 10 had a complete set of dorsal crossbars,
18 had 1-2 broken crossbars, 2 had parallel stripes instead
of crossbars, and 1 had a combination of parallel stripes
and crossbars.
14. Ambystoma tigrinum tigrinum (Eastern Tiger Sala, mander)
Specific locations for this species are not provided
because A. tigrinum is listed as Endangered in Virginia
(Mitchell, 1991; Pague & Buhlmann, 1991). The first
specimen known to us was a recent metamorph caught on
18 July 1986 by H.P. Whidden (Fig. 2). This salamander
was not preserved and subsequently lok. Buhlmann &
Hoffman (1990) reported the first voucher specimen (CM
118612) collected from a shallow sinkhole pond on 12
May 1987 in the SVSP system. Tiger salamanders use
several of the sinkhole ponds for breeding. We have
counted egg masses in up to six ponds in most years
between 1988 and 1998. Adults enter the ponds in January
and February, mate,, lay eggs, and then return to their
underground retreats in adjacent hardwood forests where
they spend most of their adult lives. Eggs are predated
upon by Notophthalmus viridescens and Ambystoma
opacum larvae, as well as several species of invertebrates.
Tiger salamander larvae (Fig. 3) remain in water until
summer months. Metamorphosis can occur as early as
mid-June if the pond dries during that time. Early pond
drying can cause variation in size at metamorphosis, as
metamorphs found around one dry pond on 28 June 1990
were smaller (51)-54 mm SVL) than gilled larvae (55-65
mm SVL) in a nearby pond with water. If the pond dries
earlier than June, larvae do not survive, as was the case in
several ponds in the SVSP system in 1995 and 1997.
Seasonal variation in pond hydrology, as illustrated in Fig.
4, can cause some ponds used by salamanders for reproduction to be unproductive in some years, while others in
the area with water produce population recruits annually
or nearly so. Tiger salamanders in the SVSP system
should be viewed as a metapopulation with the ponds
being the complex of sources and sinks (sensu, Pulliam,
1988; Weins, 1996) imbedded in the forest ecosystem.
Adults and successful metamorphs move away from
breeding ponds as far as 162 m in South Carolina
(Semlitsch, 1983) and 286 m (mean = 60.5) in New York
(Madison & Ferrand, 1998). We do not know how far
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adults and juveniles move from breeding ponds in this
area but if distances are within these published values,
then the entire area encompassing the entire sinkhole pond
complex may be used. The entire sinkhole pond complex,
'ponds and forest, should be protected by another buffer of
substantial size, visitors to the area should be prevented
from riding off-road-vehicles in the ponds and forest, and
protection of individual salamanders from poaching
should be strictly enforced. Thus, conservation efforts on
behalf of this salamander should focus on maintenance of
the natural hydrology of the sinkhole ponds and protection
of the entire hardwood forest ecosystem encompassing the
SVSP system.
Gyrinophilus porphyriticus porphyriticus (Northern
Spring Salamander) (Spring Pond)
A single larva of this salamander was collected in Spring
Pond on 11 July 1986 by H.P. Whidden (USNM 347895).
Hemidactylium scutatum (Four-toed Salamander)
(Ponds 2, 18)
Single individuals have been found near two separate
ponds under logs on 7 May 1995 (Hayslett, 1995) and 21
September 1997 (30 mm SVL, 59 mm total length, 0.6 g).
This species is usually associated with sphagnum moss
and may be more widespread within the SVSP system.
17. Notophthalmus viridescens viridescens (Red-spotted
Newt) (Ponds 2, 3, 8, 11, 12, 13, 16, 17, 21, 23, 24, 25,
27, 32, 33, 35, Maple Flats North and South, Quarles,
Spring Pond)
Newts are commonly encountered in many of the sinkhole
ponds. The first adults and larvae from the area were
collected from Maple Flats North & South ponds, Spring
Pond, and Ponds 11 & 12 on 11 and 18 July 1986 (USNM
347875-77, 347896-900). Adults have been observed in
ponds January - October. We observed mating 'on 6 and
22 February and 6, 23, and 24 March. Larvae were
recorded between 17 May and 27 September. Four larvae
averaged 19.3±1.9 mm SVL (16-21) on 17 May, 28 larvae
averaged 14.4±2.0 mm SVL (11-18) on 14 August, and 9
larvae averaged 15.2±1.3 mm SVL (14-17) on 7 October.
One large larva was observed in Pond 12 and one from
Pond 13 measured 28 mm SVL on 27 April 1988. These
data suggest that some individuals may overwinter in
some ponds and reach metamorphosis the year following
hatching. Three other larvae caught the same day measured 11-16 mm SVL (mean = 14 .. 3 mm). We found
terrestrial efts on 19-21 September. Eight efts measured
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27-40 mm SVL (mean 34.6±3.9) and three weighed 1.42.1 g (mean 1.7±0.4) on 21 September. We found an adult
male under a sphagnum mat on 28 June 1990 at a dry
pond. In October 1997 and 1998, we found recently
metamorphosed larvae and mature adults under logs and
rocks on the dry, exposed rim of ponds that had nearly
dried. On 28 May 1997, one adult 44 mm SVL female had
a leech attached to her venter (probably the blood leech
Batrachobdella picta Verrill, Gill, 1978a,b) that left a 4x6
mm lesion when it was removed. Males averaged slightly
larger than females: male SVL mean = 43.7±3.6 mm, 3450, n = 46, female SVL mean = 41.5±5.5 mm, 35-54, n =
41; male mass mean = 2.7±0.4 g, 2.2-3.5, n = 27, nongravid female mass mean = 1.9±0.6 g, 1.1-2.6, n = 11).
Gravid female body mass averaged 3.7± 1.1 g (2.5-5.2, n
5).
Plethodon cinereus (Red-backed Salamander) (Ponds
2, 11, 12, near 13, 26, 27, 29)
We found most individuals of this terrestrial salamander
at several terrestrial locations in the SVSP system between
13 April and 15 October. One was found under a log at
Pond 13 on 19 February 1997. Adults have been uncovered under logs in the dry basins of Ponds 27 and 29 on
24 March 1995 and Pond 29 on 27 April 1988.
Plethodon cylindraceus (White-spotted Slimy Salamander) (Pond 29)
This species was uncommon in the forest in SVSP system.
Most of the six individuals were caught in drift
fence/pitfall arrays in spring 1988. Other dates of observation were in May and September following rains. Several
individuals were found under rocks in the basin of Pond,
29 on 27 April 1988. One 87 mm SVL female contained
a carabid beetle in her stomach.
Pseudotriton ruber ruber (Northern Red Salamander)
(near Ponds 2, 3, 13)
Several individuals were found under logs and in drift
fence/pitfall arrays near some of the sinkhole ponds,
although this species is not known to breed in the sinkhole
ponds. Dates of observation were recorded in May,
September, and October following rains. Five individuals
measured 51-71 mm SVL (mean = 62.1±8.7); body mass
was 3.2-8.6 g.
Turtles
Chelydra serpentina serpentina (Eastern Snapping
`Turtle) (Ponds 2, 8, 10, 13, 14, 33, Maple Flats North and
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South, Spring Pond)
This large omnivorous turtle has been observed in several
ponds but only as an infrequent visitor. Ponds may serve
as occasional foraging areas. The two individuals found in
Pond 14 may have originated in nearby. Spring pond, as
this is the only pond in the area that could support a
permanent population. Dates of observations are 25
March, 8 & 21 April, 12 May, and 3 & 12 June. The
earliest observation was of an active individual in a pond
with partial ice cover. The largest individual measured
was 297 mm carapace length and the smallest was 196
mm. One nest cavity was discovered between the two
Maple Flats ponds on 3 June 1994. It had been opened
and the eggs eaten by an unknown mammalian predator.
Chrysemys picta picta (Eastern Painted Turtle) (Ponds
2, 11, 12, 13, 14, 20, 21, 32, 33, 34, 35, Kennedy Mountain Meadow, Maple Flats North and South, Spring Pond)
Adult painted turtles (n = 16) were observed occasionally
in several ponds, especially during night surveys for
salamanders. Only Quarles and Spring Ponds may support
permanent populations. We have observed several painted
turtles sitting on the bottom of ponds in winter. One
female caught on 20 January 1990 had a body temperature
of 6.7° C, equal to that of the water. One female was
found as she was constructing a nest between the two
Maple Flats ponds on 3 June 1994. This female was
subsequently recaptured in Pond 2 on 6 March 1996 at the
same body size. Adult males are smaller than adult
females in carapace length, plastron length, and body
mass (Table 1).

Clemmys guttata (Spotted Turtle)
Locations for this species are not provided because of its
special concern status. We have found this semiaquatic
turtle in several ponds in the SVSP system between late
March and early July. All were mature adults (Table 1),
Number of yellow spots on the carapace averaged
40.1±14.6 (7-60, n = 17). We have observed movement of
individuals between two complexes of ponds, a distance
of 2.5 km, and we suspect that most individuals move
overland extensively when ponds dry seasonally. Spotted
turtle populations are apparently rare in the Shenandoah
Valley (Mitchell, 1994; Mitchell .& Reay, in press).
Because they are so closely tied to shallow, natural,
freshwater wetlands, they are threatened range wide by
habitat loss, and because they are popular in the pet trade,
they are threatened by commercial collection (Ernst et al.,
1994). Thus, as with many of the amphibians and reptiles,
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Table 1. Body size measurements and pond locations for marked snapping turtles Whelydra serpentina), painted turtles
(Chrysemys picta), and spotted turtles (Clemmys guttata) in the SVSP system, Augusta County, Virginia. Location is
pond name or number. Abbreviations: CL = carapace, PL = plastron length, MFN = Maple Flats North Pond, and Spr
= Spring Pond. Date is day/month/year. Averages do not include juveniles or recaptures. Measurements are in mm and
mass is in grams. Pond locations for C. guttata are not provided due to the conservation status of this species.

Date

Pond

Sex

CL

PL Mass

Notes

Chelydra serpentina
25/03/88
3

25/03/88
08/04/88
08/04/88
12/05/88

8
10
8
Spr
10

male
male
male
male
....

287.0
297.0
196.0
252.0

258.0

Male average

Chrysemys picta
C
2
3
4
unmk
40
41
42
50
50
10
10
10
101
102
24
1100

12/06/87
08/03/88
31/03/88
31/03/88
27/04/88
20/01/90
20/01/90
20/01/90
02/02/90
21/03/90
03/06/94
06/03/96
22/02/95
06/03/96
06/03/96
25/06/96
06/02/97

14
2
11
11
13
13
13
13
13
13
MFN
2
13
11
11 ,
2
13

male
male,male
male
female
female
male
female
male
-female
female
female
male
female
female
male
female

110.0
104.6 /
133.1
114.9
149.0
134.0
130.0
147.0
115.6
141.4
136.8
136.8
135.2
90.0
150.3
131.4
131.7

98.8
96.7
117.6
104.9
139.2
120.0
118.0
130.0
105.4
126.8
15.0
124.3
123.5
84.1
137.5
123.0
123.0

190
350
379
355
248
98
398
284
305

Male average

121.8

111.0

208.7

Female average

140.0 128.8 35.7.4

152
141
264
182

yellow plastron
high domed shell
missing R forefoot

nesting
recapture
missing L rear ft
3 year old
red plastron
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Table 1. Continued.
Sex

Date

No.

CL

Mass

PL

Notes

Clemmys guttata
140
128
87
158
151
166
152
136
189
145
169
165
110
139
222

55 spots
48 spots
32 spots
31 spots
43 spots
40 spots
34 spots
15 spots
55 spots
45 spots
7 spots
58 spots
41 spots
41 spots
50 spots
27 spots
60 spots

90.5

143.8

34.0

97.5

170.0

40.1

100.6
99.8
86.2
106.0
101.1
109.1
105.0
104.7
110.7'
105.2
113:9
115.6
99.0
106.0
109.0
101.2
116.6

91.6
87.8
78.9
92.3
92.3
98.9
96.0
89.6
99.9
91.0
99.3
97.5
81.1
96.0
85.0
106.4

Male average

105.6

Female average

107.0

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
100
101

25/03/88
25/03/88
25/03/88
29/03/88'
29/03/88
30/03/88
30/03/88
30/03/88
30/03/88
31/03/88
12/05/88
12/05/88
12/05/88
07/06/88
07/88
23/03/95
23/03/95

female
male
juvenile?
male
female
female
female
male
female
male
male
male
male
female
male
female

the entire SVSP complex is an important area for the
conservation of this species in the Shenandoah Valley.

A single adult was found on 17 May 1988 at the parking
area along the Coal Road adjacent to Maple Flats complex.

Terrapene carolina carolina (Eastern Box Turtle)
Shells of this terrestrial species have been found near
Twin Pond and Pond 10. On 19 September 1994 between
Ponds 2 and 16, we observed two males that had apparently been engaged in combat. One was on its back in a
small area in which the leaves had been scattered and
trampled. The second, upright, male was about a 0.5 m
_away. No females could be found. Male aggression has
been observed in other areas (Stickel, 1989; Ernst et al.,
1994) but this is the first report of one male being overturned during the conflict.

Coluber constrictor constrictor (Northern Black
Racer),
One adult black racer was observed swimming across
Pond 13 on 21. April 1989. It disappeared under water
after swimming to the center of the pond.
Crotalus horridus (Timber Rattlesnake)
One adult male was caught by Bob Glasgow (Wildlife
Biologist, GWNFYin a small field near Spring Pond on 7
June 1987. No others have been seen in the SVSP system.

Snakes
Cat:phophis amoenus amoenus (Eastern Wormsnake

28. Diadophis punctatus edwardsii (Northern Ring
necked Snake)
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Several ring-necked snakes have been found under bark or
in stumps around the edge of sinkhole ponds. Observations include an unsexed adult (255 mm SVL, 5.1 g )
caught on 27 April 1988, a gravid female (264 mm SVL)
containing three eggs under tree bark on 28 May 1997,
and a juvenile (135 mm SVL, 1.6 g) collected under a log
on 14 June 1994. Five adults (2 females, 3 males) were
found under bark of standing dead pine and oak trees on
6 July 1998. Adult female snakes (275.5± 18.8 mm SVL,
n = 4; 6.4± 1.3 g body mass, n = 3) averaged slightly
larger in length than male snakes (247.7± 10.0 mm SVL,
6.7±0.2 g, n = 3). All individuals caught had complete
yellow/orange collars, immaculate yellow venters, and
uniform gray dorsal regions.
Nerodia sipedon sipedon (Northern Watersnake)
(Ponds 2, 11, 12, 13, 26, 32, 33, 34, Maple Flats North
and South)
Northern watersnakes were the most common snake
encountered in the SVSP system. Individuals were
observed in all months from 13 April to 12 September.
Northern water snakes are occasional visitors to sinkhole
ponds where they forage on seasonally abundant prey.
They seem to appear at times when some prey are especially vulnerable. Several individuals were found preying
on Ambystoma tigrinum larvae when water levels were
very low and the salamanders were concentrated in a
small area. One immature male watersnake (117 mm SVL,
13.3 g) disgorged a female Acris crepitans (25 mm SVL,
1.45 g). Another juvenile (172 mm SVL, 5.8 g) ate a
metamorphic A. opacum. The largest adult we measured
was a female (670 mm SVL, 276 g).
Thamnophis sauritus sauritus (Eastern Ribbonsnake)
(Ponds 3, 11, 13)
Four individuals have been recorded from three ponds.
We captured a juvenile on a dry algal mat at Pond 11 on
20 September 1992. Others include a female (23 g) in a
grassy area of Pond 3 on 19 September 1995, a juvenile
(189 mm SVL, 3.0 g) under a sphagnum mat on 14
October 1995, and a juvenile (229 mm, 4.0 g) found on
the trail adjacent to the Maple Flats North Pond on 2 June
1998.
DISCUSSION
The modern herpetofauna of the Shenandoah Valley
sinkhole ponds system is comprised primarily of species
distributed widely in eastern North America, however, it
also includes a small number of habitat specialists and one
apparent relic from Pleistocene times. All of the amphibi-
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ans and reptiles recorded for this area are known to occur
in other locations in the mid-Atlantic region (Tobey,
1985; Mitchell, 1994; Conant & Collins, 1998; Mitchell
& Reay, in press). Most frogs that occur in the SVSP
system breed early in the season or have short larval
periods (Acris, Bufo, Hyla, Pseudacris, Scaphiopus, Rana
sylvatica). Pond-breeding salamanders include three
species in the genus Ambystoma, one Hemidactylium, and
one NotophthalnIus. Other salamanders in the area include
two streamside species (Gyrinophilus porphyriticus,
Pseudotriton Tuber) and two terrestrial species (Plethodon
cinereus, P. cylindraceus). Thus, the total salamander
fauna that actually use the sinkhole ponds include three
genera and five species. Of the four freshwater turtles
known for the area, one is terrestrial (Terrapene) and two
(Chelydra and C'hrysemys) are occasional users of the
seasonal pond habitat. The spotted turtle is the only turtle
that appears to be dependent on the seasonal pond habitat
for its persistence • in this landscape. Only one of the six
snake species (Nerodia) uses the pond environment on a
regular basis and no lizards have been seen here. If the
sinkhole ponds did not exist on the alluvial plains in this
portion of the Shenandoah Valley, the herpetofauna would
probably consist of the recorded two species of toads
(Bufo), two stream-breeding frogs (R. clamitans, R.
palustris), two terrestrial salamanders (P. cinereus, P.
cylindraceus), two streamside salamanders (Gyrinophilus,
Pseudotriton), one turtle (Terrapene), and five species of
terrestrial snakes. Thus, the sinkhole ponds themselves
represent a critical habitat for a substantial portion of the
area's known herpetofauna.
The largest data sets on the herpetofauna of the area
exist for several of the ponds in the Maple Flats sinkhole
pond complex. The rest of the ponds in this complex and
all of the ponds in the other two complexes have been
visited only a limited number of times (Buhlmann et al.,
1999). Much additional work remains to be done before
the inventory of the herpetofauna of the SVSP system can
be considered complete. Buhlrnann et al. (1999) discussed
how amphibians and reptiles that inhabit the SVSP system
interact with the surrounding landscape. However, the
ecology, life histories, and population dynamics of all
species need further study before we will understand how
they respond to changes in the landscape. We have some
information on life history attributes of the ambystomatid
salamanders and the spotted turtle (JCM and KAB,
unpublished), but we need more data on movement
patterns of individuals between ponds. Such information
would allow a better understanding of what types of
terrestrial habitats are critical to the survival of these
animals in this system and how much of the surrounding
landscape needs to be included in management and
conservation efforts.
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Fig. 4. Annual and seasonal variation in standing water levels in one of the Shenandoah Valley sinkhole ponds, Augusta
County, Virginia, (Upper left by T.D. Tuberville. Other photos by KAB.)
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