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ABSTRACT: Long-term species surveys are effective tools for identifying changes in population demog-
raphy which is of particular importance for those in threatened habitats such as grasslands. Due to
their cryptic nature, snakes can benefit greatly from these types of surveys but multiyear surveys for
snakes are rare in Pennsylvania and the surrounding region. We conducted coverboard surveys of the
grassland specialist Northern Black Racer (Coluber constrictor constrictor) over eight years separat-
ed into two sampling periods (2008-2012 and 2015-2017) across a habitat-mosaic in south-central
Pennsylvania. We recorded information on their body size, demography, and monthly activity. We
compared these traits between the sampling periods to determine how they vary over time. A total
of 70 Northern Black Racers were captured during this project. As expected, grasslands were heavily
exploited by Northern Black Racers highlighting their importance to this species. There was a shift
from relatively larger-bodied, older individuals towards relatively smaller-bodied, younger individuals
between the sampling periods, but the sex ratio remained unchanged. Monthly activity of adults was
unimodal in both sampling periods, but the month of peak activity varied and there was a possible
effect of precipitation on this difference. The change in age structure between the sampling periods
suggested that a widespread mortality event, possibly from exceedingly cold overwintering conditions,
may have culled older individuals resulting in a younger cohort to fill the void. As Northern Black
Racers are an important grassland predator, our data show the benefits of long-term surveys through
detecting changes in demography that could potentially influence long-term survival of a population.
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INTRODUCTION

Grassland habitats are home to a diverse array of flora
and fauna and are essential to the survival of many spe-
cies (Yahner 2003, Wilson et al. 2012). However, wide-
spread habitat degradation from multiple sources (Wick
et al. 2016) has resulted in large-scale declines of grass-
land birds (Brennan and Kuvlesky 2005, Rosenberg et al.
2019), insects (Sanchez-Bayo and Wyckhuys 2019), rep-
tiles (Gibbons et al. 2000, Todd et al. 2010), and vege-
tation (Ratajczak et al. 2012). Similar patterns of habitat
and species declines have also been observed in Pennsyl-
vanian vertebrates (Yahner 2003). One particular group
of animals that inhabits grasslands extensively is reptiles
— particularly snakes - due to the thermal qualities these

habitats provide in comparison to forests (Blouin-Demers
and Weatherhead 2001, Row and Blouin-Demers 2006,
Carfagno et al. 2016, Halliday and Blouin-Demers 2016).
Despite these strong links, snakes have received rela-
tively less attention when compared to other grassland
vertebrates and there remains a great need for monitor-
ing their population health and local ecology.

The Northern Black Racer (Coluber constrictor constric-
tor, Linnaeus 1758) is a subspecies of the North Ameri-
can Racer (Auffenberg 1955, Burbrink et al. 2008) which
is a slender but large-bodied colubrid. Their geographic
range extends from southern Maine to northern Georgia
and westward to central Kentucky and eastern Ohio (Pow-
ell et al. 2016). They occur in every Pennsylvania county
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but their occupancy is dependent on the availability of
large patches of open habitats (Hulse et al. 2001, Kjoss
and Livaitis 2001a, Meshaka et al. 2009). The dietary
breadth of Northern Black Racers is the largest among
northeastern snakes and they are the prominent ophio-
phagous species in the northern part of their range (Sur-
face 1906, Klimstra 1959, Klemens 1993, Palmer 1995).
As a result of their ophiophagous nature, large grassland
patches can become dominated by Northern Black Rac-
ers through predatory exclusion of smaller-bodied snakes
and persistence of larger-bodied individuals of remaining
species (Meshaka et al. 2009, Meshaka and Delis 2014;
but see Kjoss and Livaitis 2001a). This predatory effect
on co-occurring snakes makes Northern Black Racers an
important species to study to better understand the pop-
ulation dynamics in grassland patches.

Despite being a common species throughout Pennsyl-
vania (Hulse et al. 2001), field research on the natu-
ral history of the Northern Black Racer remains elusive
in the state. The primary objective of this study was to
further explore the life history and ecology of Northern
Black Racers in fragmented grasslands in south-central
Pennsylvania over eight sampling seasons in ten years.
We also wanted to identify if body size, monthly activity,
and population demographics were influenced by sam-
pling period. The broad goal of this study is to better un-
derstand the demography of an important wide-foraging
predator and prey species in northeastern grasslands.

MATERIALS AND METHODS

Research-Site Description

Letterkenny Army Depot (LEAD; 40.014°, -77.705°)
is a military facility located in Chambersburg, Franklin
County, Pennsylvania. The facility encompasses nearly
7200 ha with restricted public access, but approved field
studies can be conducted with limited human interrup-
tion. Temperatures within the region average 22.3°C and
0°C in the summer and winter, respectively, and it re-
ceives a mean annual rainfall of approximately 101.8 cm
(The Pennsylvania State Climatologist). Our study took
place across 15 specifically targeted sites in Zone II (Fig.
1), an 1800 ha portion of LEAD located at the base of

Fig. 1. Aerial photograph showing the 15 specific sampling
locations at Letterkenny Army Depot (LEAD), PA. Habitat
designations were based on prior research gathered from 2008
to 2012, historic evidence, and habitat composition, with forest
being the dominant habitat. Habitats are defined as grassland
(G), forest (F), and wetland (W). The forest site denoted with an
arrow was grouped with grassland sites due to its close proximity
to a grassland site. Star symbol = Specific location of LEAD within
Pennsylvania major waterways and county outlines. Modified
from Google Earth satellite imagery from 2015.
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North Mountain in the Blue Mountain range. These sites
were a combination of forested, wetlands, and grassland
sites across a landscape dominated by temperate de-
ciduous forest. More detailed descriptions of the LEAD’s
vegetation and these specific sampling sites are provided
elsewhere (Delis et al. 2010, Meshaka and Delis 2014,
Dallas 2017). Zone II is subjected to a variety of human
activities and disturbances, primarily agriculture, selec-
tive logging, and controlled hunting, which makes our
findings applicable to resource management practices of
the state.

Data Collection

Data were collected from April to October 2008-2012,
2015, and 2016 and were also collected in April, June,
and July 2017 using a combination of monthly cover-
board sampling and opportunistic surveys. The cover-
boards used were 1.0-1.2 x 2.0-2.5 m sheets of cor-
rugated metal. Coverboards are effective at detecting
Northern Black Racers (Grant et al. 1992, Meshaka et al.
2009) and have shown generally equal usage amongst
all size classes (Kjoss and Livaitis 2001b, Gregory and
Tuttle 2016). All coverboards were checked for Northern
Black Racers in a systematic fashion every month, and
opportunistic surveys of natural cover objects (e.g., logs,
rocks, shrubs) occurred simultaneously.

Upon capture, measurement of snout-vent length
(SVL) to the nearest 0.1 cm was taken. The SVL was used
to approximate ontogenetic stage (juvenile and adult) as
Hulse et al. (2001) defined 70.0 cm as the size sexual
maturity was achieved; although we observed smaller
individuals engaged in copulation and classified them as
adults. Sex of the individual was determined by tail mor-
phology and/or eversion of the hemipenes through gen-
tle pressure at the base of the tail. Presence and number
of eggs was determined through light palpation of the
ventral surface caudal to the body midpoint. All North-
ern Black Racers were marked using a Passive Integrated
Transponder (PIT) tag (Biomark®, Boise, Idaho) subcu-
taneously which provided each snake with a unique ID
number so that individuals could be easily and accurately
identified upon recapture. Individuals that were too small
for subcutaneous PIT tags were given a cohort mark in
the form of a ventral scale clip. The health of captured
individuals was assessed by external examination for the
presence of lesions, ectoparasites, and other observable
maladies. All snakes were released after being processed
under the same coverboard they were captured with the
entire process taking less than five minutes.

Data Analyses

A linear model was used to identify if Northern Black
Racer SVL was influenced by sampling period (2008-
2012 v. 2015-2017), sex, and the interaction. Significant
results were assessed via Tukey’s honest significant dif-
ference post-hoc tests to determine significance among
group differences. A two-sample t-test determined if SVL
influenced if individuals were recaptured. Only the SVL
recorded from initial capture was used in body size anal-
yses to reduce pseudoreplication of including the same
individual multiple times. We used x> goodness-of-fit
tests to compare the sex and age ratios between the
sample periods and habitat types [grassland (N = 9) or
non-grassland (N = 6)]. Monthly activity of adults was
compared between sampling periods while the low num-
ber of juveniles resulted in using all years for examining
activity with x? goodness-of-fit tests. Monthly activity
incorporated both new and recaptured individuals, so it
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was possible for an individual to be counted more than
once both within and among years. The alpha value for
all analyses was set to 0.05. All analyses were conducted
using R version 3.6.1 (R Development Core Team, 2019).

RESULTS

Captures

Over the eight sampling years, 70 Northern Black Rac-
ers were captured and given a unique PIT tag ID with
42 and 28 collected during 2008-2012 and 2015-2017,
respectively. From the combined sample, 25 individuals
were recaptured between one and four times. Addition-
ally, five individuals were captured but not provided a
PIT tag, two hatchlings were given cohort marks, and
11 individuals were observed but eluded capture. The
majority of captures occurred at grasslands or other
open-habitat types (N = 61) and all recapture events
occurred these habitats.

Sex Ratio

The adult sex ratios did not differ between the sample
periods (x> = 0.039, df = 1, P = 0.84), with both pe-
riods exhibiting male-biased populations: 2008-2012 =
1.2:1.0 (N = 40), 2015-2017 = 1.3:1.0 (N = 21). Across
all sampling years, the sex ratio of adults captured only
a single time were male-biased 1.5:1.0 (N = 33) while
those recaptured were slightly female-biased 0.8:1.0 (N
= 22), yet this difference was not significant (x> = 2.12,
df = 1, P = 0.15). The low number of adults (N = 3) in
non-grassland habitats constrained our ability to test for
habitat effects on the sex ratio. Juveniles also showed a
non-significant male-bias (2.3:1.0, N = 13; x> = 1.92, df
=1,P=0.17).

Age Ratio

Adults were more prevalent at LEAD, but sampling
period did not influence the age ratio (x> = 2.49, df =
1, P = 0.11) despite adults being nearly twice as like-
ly to be encountered during 2008-2012 (5.0:1.0, N =
48) than 2015-2017 (2.6:1.0; N = 29). An ontogenetic
component to habitat association was detected in this
sample. The relative proportion of juveniles was greater
in non-grassland habitats (0.6:1.0, N = 8) than in grass-
lands (5.3:1.0; N = 69; x> = 63.82, df =1, P < 0.0001)
but the small sample size in the former group may skew
this finding.

Body Sizes
During the first sampling period of 2008-2012, adults
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Fig. 2. Body size represented as snout-vent-length (SVL) for
the Northern Black Racer, Coluber constrictor constrictor, found
at sites in Letterkenny Army Depot, PA, during 2008-2011,
(Meshaka and Delis 2014), 2012 (W. M. Meshaka and P. R. Delis
unpub. data), and 2015-2017 (this study). Data shown excludes
all recaptured individuals.
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measuring between 90-120 cm SVL were the most fre-
quently encountered while young adults between 60-80
cm SVL were commonly found during 2015-2017 (Fig.
2). Two individuals captured in 2009 (a male and female)
were removed as their SVL may have been misreported
and represented outliers. Consequently, the body size of
adults differed between sampling periods (Fig. 3; F, .o =
5.66, P = 0.021), and the interaction between sampling
period and sex approached significance (F ., = 3.20,
P = 0.079). A post-hoc analysis revealed that the only
statistically significant difference was that males during
2008-2012 (N = 21; 105.9 + 3.1 cm; 73.0-129.5) were
larger than those during 2015-2017 (N = 12, 88.4 £ 5.3
cm; 65.0-130.0) (Fig. 3; P = 0.022). Furthermore, adult
body size did not influence if an individual was recap-
tured or caught only once (t;, = 0.0025, P = 1.0).
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Fig. 3. Sexual size dimorphism represented as snout-vent-
length (SVL) of adult Northern Black Racers, Coluber constrictor
constrictor, found at sites in Letterkenny Army Depot, PA, during
2008-2011, (Meshaka and Delis 2014), 2012 (W. M. Meshaka
and P. R. Delis unpub. data), and 2015-2017 (this study). Data
shown excludes all recaptured individuals. Boxplots denote the
interquartile range with the center line as the mean, and whiskers
represent 1.5x the upper or lower quartiles. Asterisk indicates
significant difference between post hoc pairwise comparisons
(Tukey’s HSD test, P < 0.05).

Monthly Activity

Northern Black Racer monthly activity was unimodal
regardless of sampling period (x?= 45.80, df = 6, P <
0.0001) but the peak activity differed between the two
periods (Fig. 4). Incorporating all snake sightings, which
included those that escaped capture and all recaptures,
peak monthly activity during 2008-2012 occurred in May
while June was the month of greatest activity during
2015-2017 (x> = 17.82, df = 6, P = 0.0067). While the
monthly activity of adults was unimodal, juveniles exhib-
ited no strong monthly distribution (Fig. 4; x?>= 2.40, df
=6, P =0.88).

Reproduction

On 22 May 2015, we found a male and female together
under a coverboard. Nine females were noted as gravid
over all field seasons. Four instances occurred in both
May and June, and a single gravid female was encoun-
tered in July. Gravid females ranged 87.0-152.4 cm SVL.
From these nine females, the clutch size was palpated
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Fig. 4. Monthly activity of the Northern Black Racer, Coluber
constrictor constrictor, found at sites in Letterkenny Army Depot,
PA, during 2008-2011, (Meshaka and Delis 2014), 2012 (W.
M. Meshaka and P. R. Delis unpub. data), and 2015-2017 (this
study). Data incorporate recaptures and individuals that were
observed but escaped capture. Adult activity is separated by
sampling period while juvenile activity was combined from both
sampling periods.

for six individuals with an average of 12.0 £ 0.82 eggs
(10-15). There was no evidence of a correlation between
female SVL and clutch size (r = 0.17, P > 0.78).

August September

DISCUSSION

This long-term monitoring project, based on 70 unique-
ly marked individuals, achieved its goal of furthering our
understanding of Northern Black Racers, an open-habitat
specialist, in Pennsylvania, and shed light on their popula-
tion dynamics. The two distinct sampling periods (2008-
2012 and 2015-2017) allowed for comparisons between
observable changes in population demography and body
size. Although adult sex ratios were similar across the
sampling periods, the age ratio changed with a great-
er relative abundance of juveniles during 2015-2017;
however the difference was not significant. Adult body
size was also different between the sampling periods as
adults were smaller during 2015-2017 than 2008-2012.
Our data suggest that Northern Black Racers underwent
a considerable change in population structure from one
dominated by large, presumably older, adults towards
one comprised of smaller, likely younger, adults and a
greater juvenile presence, although the exact cause of
this shift remains unknown.

Northern Black Racers were predominantly found in
open habitats at LEAD which is in agreement with mu-
seum (Hulse et al. 2001) and field (Kjoss and Livaitis
2001a, Meshaka et al. 2009, Howey et al. 2016) data for
this species. North American Racers have an energetically
expensive foraging strategy that requires a consistently
high metabolic rate (Plummer and Congdon 1996). This
influences their need to exploit warm thermal habitats
to achieve high operating body temperatures (> 29.5°C)
(Brattstrom 1965, Kitchell 1969, Ernst et al. 2014) that
maximize performance (Howey 2014). Because we did
not assess the body or environmental temperatures of
captured individuals, we cannot conclude that thermal
requirements drove racer selection of open habitats. De-
spite evidence suggesting that the efficacy of behavioral
thermoregulation of Northern Black Racers is relative-
ly habitat-independent (Howey 2014), they were more
abundant in open habitats (Howey et al. 2016) and we
observed greater site fidelity as all recaptures occurred
at these habitats. This suggests that the maintenance of
grassland habitats is important to the long-term survival
of Northern Black Racer populations.
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While racers preferentially used grasslands, age struc-
ture differed between the two habitats with juveniles
more commonly found at non-grassland habitats. Onto-
genetic habitat shifts are not uncommon in reptiles (e.g.,
Stamps 1983, Keren-Rotem et al. 2006, Briggs 2012)
but have not been previously described in racers. North
American Racers are known to exhibit cannibalistic be-
haviors (Conant 1938, Hamilton and Pollack 1956, Fitch
1963, Rainwater et al. 2007) and we speculate that juve-
nile Northern Black Racers exploit non-grassland habitats
as refugia from larger predatory conspecifics. Further-
more, upon reaching sexual maturity, young adults likely
migrate to grasslands that support other mature adults
improving their mating chances. This was evident as one
juvenile that was initially captured at a wetland habi-
tat in September 2016 was recaptured at a grassland
habitat more than 1.7 km away the following summer.
The small body size of juveniles limits the ability to track
their movements via radiotelemetry indicating the need
for long-term monitoring to confirm this behavior. Al-
though occupying a disparate habitat would also reduce
intraspecific competition among Northern Black Racers,
Rosen (1991) noted that Blue Racers, C. c. foxii (Baird
and Girard, 1853), exhibited ontogenetic diet partition-
ing with juveniles selecting smaller-bodied prey items
compared to adults suggesting intraspecific competition
is minimal. While grassland habitats are essential to
the long-term survival of adult Northern Black Racers,
neighboring non-grassland areas may also be necessary
in maintaining stable recruitment numbers.

Across both sampling periods, the adult sex ratio was
male-biased. Other North American Racer populations
vary in their adult sex ratios, male-biased (Ernst et al.
2016), female-biased (Fitch 1963, Rosen 1991), and
variable (Howey et al. 2016), suggesting these effects
are location-specific. Juvenile racers in this study and
that of Rosen (1991) were predominantly male suggest-
ing clutches are skewed towards males. As recaptured
individuals at LEAD were female-biased, it suggests that
a male-biased sex ratio of clutches may offset the high-
er mortality risk male snakes face resulting from larg-
er movements and home ranges (e.g., Klug et al. 2011,
Martino et al. 2012; but see Carfagno and Weatherhead
2008). Collecting clutches and tracking the movements
of adult Northern Black Racers at LEAD would serve as
logical steps in determining what factors influence the
adult sex ratios at this site.

The mean body sizes of adult Northern Black Racers
at LEAD are in line with those described previously for
Pennsylvania (Hulse et al. 2001), Virginia (Mitchell 1994,
Ernst et al. 2016), Ohio (Howey et al. 2016), and Con-
necticut (Klemens 1993). However, there was a differ-
ence in adult body size between the sampling periods
with those during 2008-2012 being larger on average
than those during 2015-2017 (Fig. 3). This, along with
relatively more juveniles found in the latter sampling
period, was suggestive of a demographic shift towards
an overall younger population during 2015-2017 (Fig.
2). The most parsimonious explanations for this change
are that the larger, older individuals captured during
2008-2012 died due to aging and/or poor overwintering
conditions caused widespread mortality within the pop-
ulation. High levels of overwintering mortality in snakes
are linked to flooding (Gillingham and Carpenter 1978,
Shine and Mason 2004) and/or low temperatures (Rosen
1991). Examining these climatic variables for November-
March, the observed period of hibernation for Northern
Black Racers, in south-central Pennsylvania (Region 4;
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The Pennsylvania State Climatologist) for both sampling
periods and the years in between revealed that precipi-
tation decreased over the years from 76.95 mm during
2007-2012 to 60.91 mm during 2012-2015 and 42.80
mm during 2015-2017. Temperatures also decreased
from 2.31°C during 2007-2012 to 0.71°C during 2012-
2015 but then rose to 4.12°C during 2015-2017 (The
Pennsylvania State Climatologist). Additionally, the over-
wintering months of 2013-2014 and 2014-2015 were
among the coldest 11% since 1900 for south-central
Pennsylvania (The Pennsylvania State Climatologist). It is
possible that unreliable and anomalous wintering condi-
tions, possibly derived from climate change, are harming
the physiological conditions of this species. Long-term
studies in southern France demonstrated that micro-geo-
graphic environmental variation can generate qualitative
shifts in actuarial senescence patterns in the Meadow Vi-
per, Vipera ursinii, (Tully et al. 2020). This suggests that
the colder temperatures during the winters between the
sampling periods, which were abnormally cold and fell
below the long-term winter average temperatures, may
have caused widespread mortality among Northern Black
Racers.

Hibernation is associated with widespread mortality
in temperate snake species (Gillingham and Carpenter
1978, Shine and Mason 2004, Harvey and Weatherhead
2006). Shine and Mason (2004) found that a Red-sided
Gartersnake, Thamnophis sirtalis parietalis (Say, 1823),
population shifted towards a greater abundance of small-
er size-classes in the years following a largescale over-
wintering mortality event. Our data compliment their
findings and suggest that mortality associated with the
overwintering period might have driven the observed shift
towards a smaller, younger population in 2015-2017. We
found the temperatures during the winters following the
first sample period were abnormally cold for this region.
These fluctuations and deviations from typical climate
patterns may have resulted in substantial mortality as
was documented in Blue Racers (Rosen 1991). Although
overwintering mortality rates of Northern Black Racers
have not been widely reported, they have been docu-
mented to be highly variable in Western Yellow-bellied
Racers (C. c¢. mormon, Baird and Girard, 1852), rang-
ing from 7% (Brown and Parker 1984) to 50% (Hirth
1966). While we are aware that our study did not specif-
ically test these factors, our results suggest that climate
change-generated overwintering anomalies may drive
wholescale changes in population demographics.

Northern Black Racers at LEAD were active from April
to October, with a unimodal peak in late-spring/ear-
ly-summer and activity rapidly declining throughout the
remainder of the year (Fig. 4). Similar activity periods
have been found for Northern Black Racers throughout
their range (Klemens 1993, Mitchell 1994, Palmer 1995,
Hulse et al. 2001) with evidence for both unimodal (Palm-
er 1995) and bimodal (Mitchell 1994, Hulse et al. 2001)
patterns. The largest peak in activity of adults coincides
with the mating season, when males are actively seeking
females during May and June (Conant 1938, Hulse et al.
2001) (Fig. 4). Our observation of copulatory behavior
in late May explains the reason for the activity spike at
LEAD in the late spring. In agreement with Hulse et al.
(2001), juveniles had relatively steady activity pattern
across all the months (Fig. 4). This is likely related to the
rapid growth of juvenile racers (Fitch 1963, Brown and
Parker 1984, Rosen 1991) which signifies the high forag-
ing rate of these individuals throughout the year. Hence
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our data support that the monthly activity patterns of
adult Northern Black Racers follow the standard unimod-
al curve with a breeding season peak but with juvenile
activity that was mostly uniform throughout the year.

There was a difference between the sampling periods
for which month exhibited the greatest adult activity:
May during 2008-2012 and June during 2015-2017 (Fig.
4). Because temperature (Sperry et al. 2008, Sperry et
al. 2013) and precipitation/humidity (Daltry et al. 1998,
George et al. 2015) are strong determinants of tem-
perate-snake activity, we compared the mean monthly
temperature and precipitation levels of May and June
between the sampling periods. According to The Penn-
sylvania State Climatologist, temperatures were similar
(May: 2008-2012 = 16.9°C, 2015-2017 = 16.7°C; June:
2008-2012 = 21.8°C, 2015-2017 = 21.7°C) between
sampling periods, but precipitation was different (May:
2008-2012 = 139.80 mm, 2015-2017 = 70.87 mm;
June: 2008-2012 = 71.73 mm, 2015-2017 = 107.78
mm). Thus, the peak month of activity corresponded to
the higher precipitation volume. As precipitation differed
while temperatures remained constant in May and June
for both sampling periods, we suggest that precipitation/
humidity has a more important influence on Northern
Black Racer activity. While this has not previously been
identified for this species, changes in precipitation/hu-
midity can affect evaporative water loss through the skin
which influences the activity pattern of snake (Dmi’el
1972, Cohen 1975). As this assessment is merely correl-
ative, radiotelemetry would improve our ability to deter-
mine a causal link between daily weather conditions and
movements.

Reproductive information on Northern Black Racers at
LEAD was limited by a small sample size. Our data on the
timing of gravid females, from May to July, and the num-
ber of eggs coincide with those from previous reports
(Surface 1906, Conant 1938, Hulse et al. 2001). The in-
dependence between estimated clutch size and body size
in our population was surprising as other North American
Racers consistently exhibit a significant, positive rela-
tionship between these variables (Fitch 1963, Brown and
Parker 1984, Rosen 1991, Meshaka and Layne 2015),
but our findings likely resulted from small sample size.
As no gravid females were found following July, it is likely
oviposition occurred from late-June to mid-July, in line
with Pennsylvania-wide data (Hulse et al. 2001). No egg
clutches or young-of-the-year were identified at LEAD,
highlighting the weak links in the ontogeny of Northern
Black Racers that remain poorly understood.

Northern Black Racers are a dominant grassland spe-
cies and serve as important predators for practically
all animal groups that occupy grasslands. This study
demonstrated how grasslands are important to the long-
term survival of racer populations but also highlighted
the potential role non-grassland habitats have on sup-
porting juveniles indicating the importance of connectiv-
ity between disparate habitats for this species. We also
found a significant shift towards a younger population
following multiple below-average temperature winters
suggesting that overwintering mortality plays a critical
role in population demographics of racers. Lastly, activity
of Northern Black Racers may be linked to higher pre-
cipitation, and other stochastic weather events resulting
from climate change, although this link remains corol-
lary. Our research provides a strong and first contribution
to the understanding of Northern Black Racer life history
in south-central Pennsylvania. Additionally, we recom-
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mend that this and other populations should be further
assessed through radiotelemetry studies to better under-
stand how this species exploits grasslands and adjacent
habitats, as well as expanding our general knowledge of
its life history traits.
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