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AssTrRACT.—We report direct observation of seasonal movements of adult Plethodon cinereus uphill to a rocky hilltop in the fall and downhill
into a wet area in the spring. Counts from arrays of cover boards in both areas showed occupancy patterns that were consistent with seasonal
changes in spatial distribution. Soil moisture was markedly higher and pH was slightly lower in the downhill area. Soil temperature did not
differ between the two areas. Young age classes do not migrate but apparently stay in the wet area where they hatch. Differences in body size
and egg diameter between fall and spring samples suggest that migratory adult salamanders grow and yolk eggs during the winter. The most
likely explanation for this behavior is that the rocky hillside provides crevices that allow salamanders to get far enough underground to remain

active in winter.

Detailed information on annual movement patterns and
cycles of habitat usage is incomplete for many amphibians
because of their small size and secretive habits yet is needed to
inform management decisions (e.g., placement of roads and
culverts [Madison et al., 2010]). Plethodon cinereus are small
terrestrial-breeding salamanders that can reach high densities in
northeastern U.S. forests (Burton and Likens, 1975). They are
typically found on the forest floor under cover objects like logs,
and they have been reported to maintain territories (Jaeger and
Gergits, 1979). Reproduction is terrestrial with direct develop-
ment of eggs and female parental care of eggs and young. Using
mark-recapture techniques, Mathis (1991) estimated the home
ranges of adult males and females to be 0.16 m*. Their primary
response to changing conditions is thought to be vertical
movement in the soil (Taub, 1961).

To our knowledge, there have been no reports of seasonal
mass movements by P. cinereus. However, we encountered a
large number of P. cinereus moving in the same direction across
the tour road at Saratoga National Historical Park (SNHP) on a
wet night in April 2005. We assumed that some management
activity by park staff had altered the suitability of the habitat
and that this movement represented a one-time relocation.
However, we returned to that location on wet nights in spring
2007 and 2008 and observed the same phenomenon.

These observations suggested two hypotheses: 1) the exis-
tence of source and sink populations (Pulliam, 1988); and 2)
seasonal migration. These two hypotheses differ in several key
predictions. The source-sink hypothesis would predict unidi-
rectional movement from source to sink but no significant
amount of movement in the reverse direction. The seasonal
migration hypothesis would predict the occurrence of fall
movement in the reverse direction. We tested these predictions
by visiting the location on every wet night in the fall of 2009 to
determine whether P. cinereus were returning across the road in
the opposite direction from their spring movements.

The source-sink hypothesis also predicts differences in habitat
quality, such that one site has much higher salamander
productivity than the other. Wyman (1988) reported a higher
mean pH for quadrats with P. cinereus than for quadrats without
them. Wyman and Hawksley-Lescault (1987) found that P.
cinereus density is higher at soil pH levels above 3.8, although
their results did not show an effect on density of either soil
temperature or moisture. Vernberg (1955) reported a pH
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tolerance of 4.1-7.4 for P. cinereus, with a preference between
6.0 and 6.8. Salamander foraging behavior is known to be
limited by moisture, because the ability of salamanders to move
away from their refugia to forage depends upon the availability
of water (Fraser, 1976; Jaeger, 1972). Spotila (1972) reported that
P. cinereus prefer temperatures around 16°C, that they dehydrate
easily in dry conditions and at warmer temperatures, and that
their rehydration depends upon soil moisture levels. Therefore,
we might expect the habitat of a source population to be cooler,
wetter, or less acidic than the habitat of a sink population.

The seasonal migration hypothesis predicts that there is some
seasonal variation in what type of habitat is most successful. A
successful habitat for the growing season might resemble the
source habitat described above, but the requirements for
successful overwintering might be quite different. We tested
these predictions by measuring pH, soil temperature, and soil
moisture in the two areas.

In addition, the seasonal migration hypothesis predicts that
spatial patterns of population density might change through the
year. We used artificial cover objects to determine whether
occupancy at disjunct sites was related to season.

MATERIALS AND METHODS

As part of a continuing amphibian monitoring effort at SNHP,
we used the park’s tour road as a driving transect on wet nights
in the spring since 2001. On 3 April 2005, we observed small
salamanders crossing the road in the vicinity of the six-mile
marker (43°00.483'N, 73°38.338'W =+ 12’) (Etrex Venture HC
unit, Garmin Ltd., Olathe, KS). We walked along the section of
road to observe numerous (20-30) P. cinereus all moving across
the road in the same direction, from uphill to downhill. We
returned to that same location and saw P. cinereus moving in the
same direction on 27 April and 10 May 2007 and 1 and 8 April
2008

In 2009, we marked each meter of a 180-m walking transect
along the tour road, centered on the area where we had noted
salamanders in prior years. We slowly walked that transect on
11 rainy nights between 1 September and 15 November 2009.
These included most wet nights between 1 September 2009 and
the onset of hard freezes with the exception of three nights when
rain started after midnight. Also, we checked the transect on 20
rainy nights between 13 March and 15 June 2010. These
included most wet nights from snow melt to hot weather, with
the exception of 10 nights when rain occurred after midnight.
Night time checks of the transect were conducted between the
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onset of darkness and midnight. In addition, we checked the
transect on three dry nights following afternoon rainfalls,
during one peak season daytime rain storm, and on two rainy
nights in the summer. Weather data were obtained from a
recording station in SNHP located approximately 500 m from
the transect (http://raws.wrh.noaa.gov/cgi-bin/roman/
meso_base.cgi?stn=SHPNG6).

During each transect check, we noted the location to the
nearest 1 m and the direction of movement of each salamander
that we encountered. On all nights except the first, we also
noted color morph and measured body length (snout to vent,
hereafter SVL) on each salamander and determined its sex and
reproductive condition by candling (Gillette and Peterson,
2001). This method of sex determination resulted in counting
immature individuals without visible testes as females. We
collected movement data for 121 P. cinereus and morphological
data for 97. Early in each season, P. cinereus were brought to the
laboratory and held in a refrigerated chamber until their guts
had cleared of food. Females from these samples were examined
more closely to determine the number and approximate size (to
the nearest 1 mm on a plastic ruler) of their eggs.

Information from the transect identified the specific location
where salamanders were crossing the road. Uphill of this site
was a patch of forest featuring rocky outcroppings surrounded
by hundreds of meters of mowed grassland. The forest patch
provided the only suitable habitat, and we assumed it to be the
salamanders’ destination in that direction. Downhill of the
road crossing was an area of low forested wetland with
frequently saturated soils but little standing water, surrounded
in all directions by higher ground. We assumed that the wet
area provided more suitable habitat and that it was the
salamanders’ destination in that direction. We defined these
two sites of similar size (approximately 0.2 ha) as our focal
sites for further investigation. To detect seasonality in
occupancy rates of P. cinereus at the focal sites from which
they were apparently traveling from and to, we established an
artificial cover board array (Fellers and Drost, 1994) in each
location in fall 2008. The array downhill of the tour road had
its center at 43°00.513’N, 73°38.358'W and the array uphill at
43°00.514'N, 73°38.318'W. Arrays consisted of 40 rough-cut
hemlock boards measuring 30 x 30 x 2.5 cm and placed on2 m
centers in eight rows of five boards each. The long dimension
of each array was oriented perpendicular to the road. All
boards were located at least 5 m away from the road under the
forest canopy. Arrays were sampled 11 times between April
2009 and August 2010. Sampling was conducted during the
daytime by lifting each board and noting the presence of any P.
cinereus. Cover boards were not checked within three days of
the last rainfall to maximize the likelihood that salamanders
would be occupying cover objects, and all samples were at
least two weeks apart.

Soil moisture was measured adjacent to five randomly chosen
boards in each array in September and October 2009 and March,
May, and August 2010. At each location, a 2.5-cm wide x 10 cm
deep soil core was collected with a standard soil sampler
(LaMotte soil sampling tube model EP, LaMotte Co., Chester-
town, MD). Each sample was measured for mass and then
placed in a drying oven (Model 40GC Lab Oven, Quincy Lab,
Chicago, IL) at 35°C until it reached a constant dry mass. Soil
moisture for each sample was calculated as follows: (wet mass
— dry mass)/wet mass x 100%. Temperature was measured
under each cover board in March 2010 and under a randomly
chosen sample of 10 boards in each array in August 2010 using a

Reotemp model AA0601F23-PS dial thermometer (Reotemp
Instrument Corp., San Diego, CA). Measurements of pH were
taken under 10 randomly chosen boards in each array in March
and August 2010 using a Kelway model HB2 soil tester (Kel
Instruments Co. Inc., Wyckoff, NJ).

The relationships between season and direction of movement,
season and body size, and time of season and gender were
compared using chi-square tests (Siegel, 1956). Temperature,
pH, and soil moisture were compared using Mann-Whitney U-
tests following Siegel (1956). Cover board results were
compared using a Fisher Exact test. Salamander body mass
and SVL relationships were compared by regression analysis
and Kruskal-Wallis one-way nonparametric analysis of vari-
ance using Statistix 8.0 (Analytical Software, Tallahassee, FL). To
reduce sampling error, only salamanders measured by LLW
were used in regression analyses. An o level of 0.05 was used to
evaluate statistical significance.

REsuLts

We observed P. cinereus crossing the tour road transect on 10
nights in the spring and seven nights in the fall. We observed
movement only at temperatures above 10°C and only during
rainfall sufficiently heavy to keep the road surface wet. We did
not observe P. cinereus movement with rainfall events < 2.5 mm,
regardless of temperature, on dry nights when the road was still
wet from afternoon rains, during the daytime, or during heavy
rains at night in the summer.

Salamander movement was strongly unidirectional in both
spring and fall. In the spring, 69 of 71 salamanders were
observed to be moving from uphill to downbhill, perpendic-
ular to the tour road, whereas the other two were moving
more or less parallel to the road. Salamanders sampled in the
spring were sluggish and did not appear to react to observers
or their flashlights. In the fall samples, the majority of
salamanders observed (42 of 50) were moving from downhill
to uphill, perpendicular to the tour road. Of the remaining
eight, two were moving in the opposite direction, and six
were moving away from the observers in apparent response
to their approach. Salamanders sampled in the fall were
much more active than those in the spring, typically reacting
to flashlight beams by running the opposite direction. The
direction of travel was related to season (x> = 83.56, P <
0.001, df = 1).

Also, cover boards surveys revealed a temporal shift in P.
cinereus occupancy. In samples collected before the migration in
the spring and after the migration in the fall, 21 of 29 P. cinereus
were located uphill of the tour road compared to only seven of
22 in samples taken after the spring migration but before the fall
migration (Fisher Exact 1-tailed P = 0.0003).

The locations of P. cinereus along the transect were distributed
unimodally, with most salamanders found between meter 80
and meter 140 on the transect.

These two sites, forested area with rocky outcrops and
forested wet area, differed in their soil moisture content. All soil
samples collected around the downhill cover boards were
wetter than any uphill sample in September 2009 (downbhill
range 33-52%; uphill 19-24%), October 2009 (downhill 29-40%;
uphill 17-27%), May 2010 (downhill 33-46%; uphill 18-31%),
and August 2010 (downhill 21-30%; uphill all 11%). Only in the
March 2010 sample was there any overlap in moisture readings,
with one uphill sample (range 24-33%) higher than one
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downbhill sample (range 29-42%). The latter still represents a
significant difference (Mann-Whitney U = 1, P = 0.008).

Also, the downhill soils appeared to have a lower pH. In
March all downhill samples were at or below 6.6, while eight of
the 10 uphill samples were 6.7 or higher (Mann-Whitney U =
12, P < 0.05). In August the difference was more pronounced,
with uphill samples remaining close to pH 6.8, but all downbhill
samples registering less than pH 6.0 (Mann-Whitney U =0, P <
0.001). No pH measurement approached the low levels reported
to limit the distribution of P. cinereus. Soil temperature did not
differ between the locations, either in March (Mann-Whitney U
=594, Z = 0.973, P = 0.166) or in August Mann-Whitney U =
38, P > 0.10).

Of the 97 P. cinereus used for morphological measurements, 52
(54%) were females, 39 (40%) were males, and six could not be
positively determined because of extreme quantities of material
in their guts. The sexes appeared to differ with regard to activity
within each season. Males were more likely to be found in
samples taken early in the season and females more likely to be
found in later samples, both in the fall (xz =436,0025 < P <
0.05, df = 1) and in the spring ()(2 =3.89,0.025 < P < 0.05, df =
1). The majority of P. cinereus (87 of 97) exhibited the typical red
stripe on the dorsum, whereas nine lacked it (“leadbacks”), and
one had an unusual yellowish dorsal stripe.

The reproductive condition of female P. cinereus appeared to
differ between seasons. Of the 12 females examined in the
laboratory in the fall, seven (58%) had visible eggs and five
(42%) did not. Those with eggs had a mean of 9.3 (SD = 1.5,
range 7-11) eggs each, and egg diameter was approximately 1
mm. Of the 28 females examined in the spring, 22 (79%) had
visible eggs and six (21%) did not. Those with eggs had a mean
of 9.1 (SD = 1.5, range 6-11) eggs each. Nineteen had large eggs
with an estimated diameter of 3 mm, whereas three had small
eggs similar in size to those observed in the fall.

All P. cinereus seen during transect censuses were adult size or
close to it. The smallest P. cinereus measured was 26 mm SVL,
whereas the largest was 49 mm. Only 11 of the 97 were smaller
than 35 mm SVL. Mean SVL was 39.9 mm (SD = 4.46), and SVL
did not vary by gender (Kruskal-Wallis statistic = 2.169, P =
0.338). However, it did vary seasonally with P. cinereus captured
in the spring (mean = 41.3 mm, SD = 3.74) being longer than
those captured in the fall (mean = 38.4 mm, SD = 4.74 [Kruskal-
Wallis statistic = 9.514, P = 0.002] [Fig. 1]). This seasonal
difference in body length appeared to result mainly from a
difference in female body size between fall (mean = 37.0 mm,
SD = 5.30) and spring (mean = 42.2 mm, SD = 3.75 [Kruskal-
Wallis statistic = 13.190, P = 0.0003]) and not males (mean =
39.5, SD = 3.70), which did not vary seasonally (Krukal-Wallis
statistic = 1.509, P = 0.219). Among the adult salamanders
captured, larger size classes were more common in spring
samples, and smaller size classes were more common in fall
samples (3 = 9.03, 0.01 < P < 0.025, df = 2; Fig. 1).

Salamander mass depended strongly on body length accord-
ing to the regression equation: mass = 0.066(SVL) — 1.52 (Fy 5, =
126.26, P = 0.000). Comparison of regression lines between the
sexes revealed no difference in slope (Fa3,7 = 0.30, P = 0.126),
with males of the same body length (intercept = —1.41) being
heavier than females (intercept = —1.53; F; 51 = 9.21, P = 0.004).
Comparison of regression lines between the seasons also
showed no difference in slopes (Fy 50 = 0.23, P = 0.634), with
P. cinereus of the same body length being heavier in the fall
(intercept = —1.63) than in the spring (intercept = —2.04; F; 51 =
5.32, P = 0.025).

Discussion

Results were not consistent with the predictions of the source-
sink population hypothesis and strongly supported the predic-
tions of the seasonal migration hypothesis. Habitat measure-
ments did not reveal major differences between the two
locations except in soil moisture. Migrating P. cinereus are
spending the summer in the wetter downhill location and the
winter in the drier uphill one. Cover board occupancy in both
locations varied seasonally, with more salamanders at the lower
location in the summer and at the higher location in early spring
and late fall. We note that this result is the opposite of what
would be predicted if salamanders were more likely to use
cover boards in drier habitats. Road transects showed direc-
tional movement of salamanders in a downhill direction in the
spring and an uphill direction in the fall.

Based on salamander body sizes, migration is restricted to
mature individuals. Both Sayler (1966) and Nagel (1977)
reported three size classes in their populations, two immature
and one reproductive. Young hatch at about 14 mm SVL in the
fall and then grow about 10 mm their first summer and 8 mm in
their second, becoming mature at two years of age (Werner,
1971). Mature females have small (1.3 mm) eggs in the fall of
their second year that they can then deposit at 3.0 mm the
following summer when they are two and one-half years old
(Sayler, 1966). The majority of females we examined in the fall
had small eggs and the majority of those in the spring had large
ones. Both male and female body sizes were similar to the
mature size class reported for other populations. Thus, it
appears that reproductive individuals move downbhill into the
wetland to reproduce and that the young stay in the wetland for
their first two years and then migrate uphill for the winter
preceding their first reproductive season.

A small number of the females migrating downbhill in the
spring had small rather than large eggs. These observations are
consistent with Werner’s (1971) suggestion that the latest
hatchlings of their cohort may not be big enough to lay eggs
in their third summer. Likewise, a small number of the females
migrating uphill in the fall did not have visible eggs and were
probably post-reproductive animals.

The seasonal migration may be reproductive in nature. The
time spent in the uphill study area corresponds well with the
mating period reported for other populations, December to
March in Tennessee (Nagel, 1977) and October to April in
Maryland (Sayler, 1966). Our data also suggested that the
salamanders tend to be bigger in the spring than they were in
the fall and that the females have larger eggs in the spring than
in the fall. If salamanders are growing, breeding, and yolking
eggs during upstate New York winters when the ground is
frozen solid and covered with a meter or more of snow, they
must be deep underground to remain active. It is possible that
the boulders located at the uphill site make it possible for
salamanders to get deeper underground than they would be
able to in the low wetland site and that warmer temperatures
underground facilitate yolking eggs and possibly mating prior
to oviposition the following summer.

Reports exist of plethodontids using winter refugia of various
types. In Indiana, Caldwell and Jones (1973) reported finding an
aggregation of 34 P. cinereus over two feet below the surface in
December and another group of 42 P. cinereus over three feet
below the surface in February. Both aggregations were in
abandoned ant mounds, and the presence of food in salamander
stomachs suggested that they were active. Caldwell (1975)
reported finding a third aggregation of 30 P. cinereus in the same
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Body sizes (SVL) of migrating redbacks in fall and spring
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Fic. 1. Body sizes of salamanders captured in the fall (light bars) and spring (dark bars). Distributions among size classes differed seasonally (x2 =
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location at a depth of 31-75 cm in January. All were mature
adults; more than half of the females had mated; one male had a
mature spermatophore; and the majority had food in their
stomachs. Hoff (1977) reported finding 87 P. cinereus at depths
between 30 and 36 inches under the stumps of recently cut
white oaks in Massachusetts in February. He reported that those
animals were found typically in the channels of partially rotted
roots, that they were active, and that some had food in their
stomachs. Grizzell (1949) found a P. cinereus about three feet
below the surface in the burrow of a hibernating Woodchuck
(Marmota monax) in February and remarked on the immediate
activity of the salamander. Cooper (1962) reported finding P.
cinereus, along with several other species of plethodontids, in a
cave and speculated about whether seasonal migrations might
occur. There are several other reports of plethodontids from
karst and cave surveys (e.g., Briggler and Prather, 2006; Camp
and Jensen, 2007; Elliott and Ireland, 2002; Fowler, 1951; Jensen
et al., 2002; Newman, 1954). Both Fowler (1951) and Newman
(1954) noted the apparent seasonal nature of cave occupancy.
The combined weight of these reports suggests that P. cinereus
may take advantage of wintering sites.

If it is possible for P. cinereus to stay active longer and grow
more during the winter in the uphill habitat, one wonders why
immature individuals would not benefit also from seasonal
migration. Madison (1969) reported that immature P. jordani had
less homing ability than adults and suggested that learning
might be involved with this behavior. It also seems possible that
smaller P. cinereus have limited physical ability to disperse, or
that, in the absence of breeding behaviors, the selective
advantage of migration might be reduced. The smallest
salamander we found moving was 26 mm SVL, and only one
other was less than 30 mm. It seems likely that the wetter
lowland area offers more opportunity for activity, feeding, and

growth than does the dry upland site. Grover (1998) experi-
mentally increased moisture by watering areas with sprinklers
and found an increase in abundance and activity of juvenile P.
cinereus. Also, smaller salamanders are more subject to
desiccation than large ones (Spotila, 1972).

We do not know how common seasonal migration might be
among P. cinereus populations. There are multiple reports of
seasonal shifts in P. cinereus abundance on the surface of the
ground. Nagel (1977) reported that by June individuals were
difficult to find. Blanchard (1928) reported that P. cinereus in
Michigan could be found in early spring and late autumn.
Ovaska and Gregory (1989) reported that adults were active
from March to June and September to November but disappear
in midsummer. Cover board data from the Long Point World
Biosphere Reserve show consistently across sites and years that
P. cinereus are most commonly found in the spring and fall, with
lower numbers in the summer (Van Wieren, 2003). Most
population studies have assumed, based on the work of Taub
(1961), that P. cinereus are underground when they are not found
in regular retreat locations. Taub’s study demonstrated that P.
cinereus will travel underground, especially under experimental
conditions that provide passageways for their travel, but she
did not collect data on vertical movement under natural
conditions. Our study suggests that seasonal fluctuations in
salamander abundance could be explained also by horizontal
migration.

Horizontal migration into an abandoned mine for the winter
and out again in the spring was documented for a population of
Eurycea longicauda (Mohr, 1944). He reported that the salaman-
ders were as active in the mine in the winter as they were
outside in other seasons and reported finding their eggs in the
mine in January.
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There have been prior suggestions of horizontal migration in
P. cinereus. Test and Bingham (1948) removed all P. cinereus from
a study plot during four extensive searches in May and June and
were puzzled by continuing to find substantial numbers each
time. They considered the possibility that the later captures had
immigrated, although they ultimately favored an explanation
based on vertical migration. However, based on the descriptions
in their manuscript, the study area was a mesic site, and there
was an unusual amount of rainfall throughout their study. We
found continued migration at our site with heavy rainfall in
May and into June. Indeed, Test and Bingham’s (1948) study
was prompted by prior censuses by Test that suggested
considerable “shifting of individuals”(p. 362), although they
did not elaborate on that prior work. LeClair et al. (2006) did
weekly checks of drift fences set up across the slope at four sites
in Quebec from 29 May to 3 November. The majority of their
captures occurred in the first two weeks in October. This result
is consistent with a pattern of seasonal migration in which their
study dates missed the spring migration and documented the
fall migration.

Circumstantial evidence that P. cinereus may move more than
suspected was provided by Marsh et al. (2004) who reported
that P. cinereus displaced as much as 55m were able to return to
their initial capture location, and that forest “islands” construct-
ed in fields were colonized by P. cinereus within a year. They
suggested a possible dispersal stage in the P. cinereus’s life
history. Kleeberger and Werner (1982) found that P. cinereus
displaced as much as 90 m returned to their original sites,
typically by a direct route within 24 h. In a genetic analysis,
Cabe et al. (2007) reported that P. cinereus population structure
appears consistent with a model of continuous distribution and
limited dispersal, but speculated that P. cinereus probably have a
greater ability to disperse than they typically exhibit.

It is interesting that the migration path we observed involved
the crossing of a paved roadway. Roads are frequently viewed
as obstacles to the movement of small amphibians. Marsh et al.
(2005) reported that displacement across forest roads greatly
reduced the return rate of P. cinereus. However, they speculated
that the true obstacle might be the steepness of the road bank
rather than the road itself. In addition, Marsh et al. (2004)
reported that P. cinereus appear to cross open fields readily, and
Marsh et al. (2008) found that only large roads were associated
with genetic differentiation among P. cinereus populations.

Although we suggest that seasonal horizontal migration
should be considered a possibility in other populations of P.
cinereus, it does not follow that all populations must exhibit the
same seasonal behaviors. Plethodontids show considerable
intraspecific variation in life-history characteristics (Tilley and
Bernardo, 1993) and might be expected to show intraspecific
behavioral differences as well. Jaeger (1979) found no difference
between P. cinereus density between spring and summer in a
population in Virginia. Mathis (1989) also found no seasonal
difference in cover board use between June and October. Both of
these studies were at high elevations with relatively cool, moist
conditions and may be examples of populations of P. cinereus
that do not migrate seasonally. If the climate or the distribution
of resources makes it possible for both the summer activity
needs and the winter prebreeding needs to occur in the same
place, then there would be no pressure to develop seasonal
migration. It is only when all of an animal’s annual require-
ments are not met by its main habitat that we would expect to
see seasonality in habitat usage.
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