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Abstract

Road and pipeline infrastructure development for natural gas extraction often results in forest fragmentation, which
could negatively influence habitat quality for many amphibian species. We investigated occurrence dynamics of the
eastern red-backed salamander Plethodon cinereus in relation to natural gas pipeline rights-of-way (ROWs) and forest
structure characteristics in northern Pennsylvania, USA. We sampled 80 sites across two study areas by using cover-
boards, with each site containing sampling plots at the center of the ROW, the edge of the ROW, and 10 m and 30 m
into the adjacent forest. We assessed the influence of ROW age, ROW width, distance from ROW, and five forest
structure characteristics on plot occupancy probability. Eastern red-backed salamander occupancy probability
decreased with ROW age and increased with distance from ROW. Our results indicate that eastern red-backed sala-
manders are negatively influenced by forest fragmentation for natural gas ROWs. Moreover, responses were time
dependent, with occupancy probability declining with ROW age. Due to low detections, we were unable to analyze
data for the other amphibians and reptiles encountered during the study. Our capture data indicate that ROWs could
improve habitat quality for some snake species, but additional research is needed to better understand the influence
of ROWs on reptile species. To reduce future forest fragmentation and impacts on eastern red-backed salamander
populations, managers could consider placing pipelines along existing linear clearings and enhancing the habitat
quality of ROWs for salamanders.

Keywords: amphibian; energy; forest; occupancy; Pennsylvania; reptile; snake
Received: May 2022; Accepted: June 2023; Published Online Early: April 2024; Published: December 2023
Citation: Brown DJ, Knopka SC, Grushecky ST, Owen SF, Edwards JW. 2023. Influence of natural gas pipeline right-of-

ways on eastern red-backed salamander occurrence in the northern Appalachians. Journal of Fish and Wildlife Man-
agement 14(2):303-314; e1944-687X. https://doi.org/10.3996/JFWM-22-032

Copyright: All material appearing in the Journal of Fish and Wildlife Management is in the public domain and may be
reproduced or copied without permission unless specifically noted with the copyright symbol ©. Citation of the
source, as given above, is requested.

The findings and conclusions in this article are those of the author(s) and do not necessarily represent the views of
the U.S. Fish and Wildlife Service.

* Corresponding author: donald.brown2@usda.gov

Introduction
Natural gas extraction in the Appalachian region has

increased following technological developments in the
use of horizontal drilling and hydraulic fracturing (Carter
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et al. 2011; Slonecker et al. 2012). Production of natural
gas from Pennsylvania and West Virginia now represents
more than 29% of the total U.S. production (US EIA
2023), up from only 3.6% in 2010 (US EIA 2011). Surface
disturbance related to production is mainly associated
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with the drilling of wells and transportation of hydrocar-
bons to market. Disturbance related to well pad and
associated infrastructure is approximately 5.6 ha per
pad, which has increased over time (Grushecky et al.
2022). Langlois et al. (2017) estimated that disturbance
related to midstream infrastructure can increase distur-
bance up to 250%. Pipelines are the primary method of
midstream conveyance for extracted gas from source to
market (Kennedy 1984; Folga 2007). Pipelines routed
through agricultural areas can be replanted with crops,
but in forested areas the rights-of-way (ROWs) must be
maintained as herbaceous ground cover to ensure the
integrity of the buried pipe (Kennedy 1984). Pipelines in
forested areas are often colocated with existing roads to
make construction easier, although the roads are often
expanded to allow for large trucks and increased traffic
volumes (Langlois et al. 2017). Colocation of pipeline
ROWs with roads can increase ROW width from an aver-
age of 25.1-27.0 m on public and private lands in Penn-
sylvania to more than 30.0-m widths (Langlois et al.
2017). Thus, road and pipeline infrastructure has become
an increasing source of forest fragmentation in the
Appalachian region (Drohan et al. 2012; Slonecker et al.
2012; Donnelly et al. 2017; Liu 2021).

Forest fragmentation creates open canopy environ-
ments and can negatively or positively affect individual
species (Silva et al. 2003; Andrews et al. 2008; Schutz and
Driscoll 2008). For example, forest salamanders are often
negatively influenced by fragmentation of forest patches
due to edge effects and dispersal barriers (Demaynadier
and Hunter 1998; Marsh et al. 2005, 2008; Macneil and
Williams 2014). By contrast, snakes and insects are often
more prevalent in areas with a patchwork of forest than in
contiguous forest (Russell et al. 2005; Patrick and Gibbs
2009; Eldegard et al. 2017). Edge effects from fragmentation
influence microhabitat conditions in the adjacent forest
(Murcia 1995; Fischer and Lindenmayer 2007), with forest
edges typically having higher temperatures and drier soils
from increased sun exposure and wind (Phillips and Shure
1990; Murcia 1995; Chen et al. 1999). The intensity of edge
effects is strongly influenced by aspect, with the weakest
and strongest effects on northeastern and southwestern
slopes, respectively (Marsh 2007; Moseley et al. 2009). Dura-
tion of exposure to direct solar radiation increases with
width of the forest opening, resulting in higher tempera-
tures and drier soil conditions (Phillips and Shure 1990).

The Appalachian region is a global biodiversity hot-
spot for salamanders (Kozak 2017), and broad concern
exists about potential negative influences of forest frag-
mentation on amphibians (e.g., Demaynadier and Hunter
1998; Marsh et al. 2005; Cosentino and Brubaker 2018).
The potential for negative impacts of natural gas pipeline
ROWs on amphibian populations can extend well beyond
direct habitat loss from forest clearing (Cushman 2006;
Andrews et al. 2008; Macneil and Williams 2014). Prior
studies have assessed amphibian responses to forest frag-
mentation, but few have investigated responses specifi-
cally for natural gas pipeline ROWs (Icochea et al. 2002;
Margenau 2020; Chalfoun 2021). Although powerline and
pipeline ROWs are qualitatively similar, differences in vege-
tation management suggest that microhabitat conditions
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may differ between them (Russell et al. 2005, 2018; Wagner
et al. 2014), potentially influencing wildlife responses. An
avian study of powerline ROWs in the study region found
that some can be upwards of 55 m wide (Ross et al. 2022),
which is larger than that found for most pipeline ROWs (e.g.,
median width was 16 m for sites in this study). Pipelines are
expected to have relatively long lifespans (up to 30 y; Carter
et al. 2011), and it is important to improve our understand-
ing of how their long-term use influences amphibians.

Our objective was to assess the influence of natural
gas pipeline ROWs on occurrence of terrestrial amphibi-
ans and reptiles in a northern Appalachian forest. We
assessed the influence of ROW age (hereafter age), ROW
width (hereafter width), distance from ROW (hereafter
distance), and five forest structure characteristics on
occupancy probability for the most abundant species,
the eastern red-backed salamander Plethodon cinereus.
To our knowledge, this is the first study to investigate
the influence of age on amphibian occurrence dynamics.
We expected that as pipeline ROWSs aged, vegetation within
them would increase in density and height. This could
improve habitat quality for salamanders by decreasing sur-
face temperature (Green et al. 1984; Sugalski and Claussen
1997; Peterman and Semlitsch 2013; Song et al. 2013). Alter-
nately, if habitat quality associated with ROWs does not
improve over time for salamanders, we would expect a
negative relation between age and salamander occupancy.

Study Area

We conducted this study on two parcels managed by
the state of Pennsylvania that contain natural gas infra-
structure: Tiadaghton State Forest (TDSF) and Game-
lands 12 (GL12; Figure 1) in northeastern Pennsylvania.
Both parcels are in the core forest region of northern
Pennsylvania (Ritters et al. 2002) where natural gas devel-
opment is occurring (Drohan et al. 2012; Langlois et al.
2017). Mean annual maximum, minimum, and average
temperatures from 1991-2020 were 13.3, 2.8, and 7.8°C
for GL12 and 13.9, 3.3, and 8.3°C for TDSF, respectively,
and mean annual precipitation was 99.1 and 111.8 cm for
GL12 and TDSF, respectively (National Oceanic and Atmo-
spheric Administration 2021). The dominant forest type is
northern hardwood, with American beech Fagus grandifo-
lia, red maple Acer rubrum, black cherry Prunus serotina,
white oak Quercus alba, chestnut oak Quercus montana,
white pine Pinus strobus, and eastern hemlock Tsuga can-
adensis being most common (Hough and Forbes 1943).

The TDSF is located primarily in Lycoming County and
encompasses 59,300 ha. Development of ridgetops
within the forest with infrastructure for natural gas
extraction were in place in 2012 and 2013. As of 2018,
approximately 76 km of pipeline was present, with 42
well pads and 254 wells. The GL12 is located 65 km
northwest of TDSF in Bradford and Sullivan counties and
encompasses 10,350 ha; initiation of natural gas devel-
opment on GL12 was in 2016. As of 2018, the main
southern pipeline was 11 km and contained 5 well pads
and 32 wells and the northern trunk line was 18 km and
contained 3 well pads and 3 wells. We obtained natural
gas well permit data from the Pennsylvania Department
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Figure 1. Locations of study areas in northern Pennsylvania, USA (A) used for this study assessing the influence of natural gas
pipeline rights-of-way (ROWs) and forest structure characteristics on occurrence of terrestrial salamanders and snakes. Study areas
included the Tiadaghton State Forest (TDSF; B) and Gamelands 12 (GL12; C). We distributed 80 sampling sites across TDSF and
GL12. Creation of all pipeline ROWs in TDSF was in 2013. Creation of the northern and southern pipeline ROWs in GL12 was in
2019 and 2017, respectively. In each study area, we collected data on forest structure characteristics and sampled the herpetofau-

nal communities in 2019 and 2020, respectively.

of Environmental Protection to locate all pipeline ROWs
within the study area. We identified and hand-digitized
pipeline ROW infrastructure by using National Agricul-
ture Imagery Program imagery from 2007 to 2016.

Methods

Sampling sites and plots

We randomly placed 40 sampling sites along pipelines
in TDSF and GL12, respectively, with random locations
restricted to greater than or equal to 500 m from the
nearest site (Figures 1 and 2A). Because GL12 contained
only 29 km of pipeline at the time of sampling, this
resulted in nearly even spacing of sites along the two
pipelines. We placed four sampling plots perpendicular
to the ROW at each site, including in the center of the
ROW, on the forest side of the edge of the ROW, and 10
and 30 m into the adjacent forest perpendicular to the
ROW (Figure 3). We assumed that the forest edge, 10-m
plots, and 30-m plots experienced strong, weak, and mini-
mal edge effects, respectively (Marsh 2007; Moseley et al.
2009; Dantas de Paula et al. 2016). We randomly selected
which side of the ROW contained sampling plots unless a
road was present adjacent to a ROW, in which case we
placed sampling plots on the opposite side.

Amphibian and reptile sampling

We used coverboards to sample the terrestrial sala-
mander and snake communities (Moore 2005; Hesed
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2012). At each of the plots, we sampled salamanders by
using a grid of six 15 X 30.5 X 2.5 cm untreated yellow
poplar Liriodendron tulipifera boards and sampled snakes
by using one 60 X 60 X 1.27 cm untreated plywood
board (Hyde and Simons 2001; Halliday and Blouin-
Demers 2015; Margenau et al. 2020), for a total of 2,240
coverboards across all plots. We placed the salamander
and snake coverboards 2 m apart, parallel to the ROW.
We deployed coverboards in summer 2019 to allow
them to weather before initiation of sampling in
spring 2020 (Hesed 2012). When herpetofaunal sam-
pling began, we found that 36 (1.9%) and 17 (5.3%) of
the small and large boards were missing, respectively.
For salamanders, because each plot had multiple
small boards, we assumed the small percentage of
missing boards would have little or no effect on study
results. For snakes, because each plot had only one
large board, we adjusted our sample sizes in the anal-
yses to reflect unequal sampling effort among sites.
We surveyed each of the 320 plots four times between
May and August 2020. We identified all salamanders and
snakes encountered under coverboards to the species
level. We did not mark captured animals; thus, the num-
ber of animals detected may not represent the number of
unique individuals.

Site, plot, and survey variables

At each site, we recorded age at the time of sampling.
We derived age by using environmental plans obtained
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Figure 2. Aerial image of a natural gas pipeline right-of-way
(ROW; A) used for this study assessing the influence of ROWs
and forest structure characteristics on occurrence of terrestrial
salamanders and snakes in northern Pennsylvania, USA, and
the focal species, eastern red-backed salamander Plethodon
cinereus (B). Photo credits: Shawn Grushecky (A) and Donald
Brown (B)

from the Pennsylvania Game Commission and Depart-
ment of Conservation and Natural Resources and verified
the ages by using National Agriculture Imagery Program
imagery. All ROWs included in this study received signifi-
cant terrestrial disturbance during the development
phase. At each plot, we recorded width and measured
several forest structure characteristics in 2019. We
recorded quantity of woody stems in two 4-m? vegeta-
tion plots (one centered on the large coverboard and
one centered on the small coverboard grid). We
recorded the percentage of canopy cover in the center
of each vegetation plot by using a spherical densitome-
ter. For each variable, we computed the mean from the
two vegetation plots to represent the sampling plot.
Within 10 m of the sampling plot, we recorded the num-
ber and basal area of trees with a diameter at breast
height greater than 15.24 cm. We used a 3 X 3 m digital
elevation model to estimate heat load index at each
plot. We used the equation in McCune and Keon (2002),
which accounts for aspect, slope, and latitude. We
recorded survey variables at the start of each survey,
including day of year, time of survey, temperature (in
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Figure 3. Coverboard array placement in relation to natural
gas pipeline rights-of-way (ROWs) for this study assessing the
influence of natural gas pipeline ROWs and forest structure
characteristics on occurrence of terrestrial salamanders and
snakes. Study areas included the Tiadaghton State Forest and
Gamelands 12 in northern Pennsylvania, USA. At each of 80
sites, we placed four sampling plots using one 60 X 60 X 1.27
cm untreated plywood coverboard to survey snakes and an
array of six 15 X 30.5 X 2.5 cm untreated yellow poplar Lirio-
dendron tulipifera coverboards to survey salamanders. We
placed sampling plots at the center of the ROW, the forest
side of the edge of the ROW, and 10 and 30 m into the adja-
cent forest. We collected data on forest structure characteris-
tics and sampled the herpetofaunal communities in 2019 and
2020, respectively. Schematic elements not to scale. Pale gray
polygons represent individual coverboards.

Celsius), wind speed (in kilometers per hour), and over-
head weather conditions (full sun, partly cloudy, over-
cast, light rain, medium rain). We conducted no surveys
under heavy rain. We recorded temperature and wind
speed in the shade at breast height and averaged over a
2-min period by using a hand-held weather meter (Kes-
trel Meter 3000, Kestrel Instruments, Boothwyn, PA).
Additional details on the study variables are available
online (Data S1, Supplemental Material).

Statistical analyses

We assessed relationships between forest structure
characteristics and ROW characteristics, including age (1,
4, or 7 y since completion) and distance (0, 10, or 30 m),
by using redundancy analysis. This multivariate model is
an extension of principal components analysis to include
explanatory variables. Specifically, each response vari-
able is regressed on each explanatory variable and then
a principal components analysis is performed on the
matrix of fitted values (Legendre and Legendre 2012).
We chose redundancy analysis rather than canonical cor-
respondence analysis because the gradient length was
short (1.7; Legendre and Legendre 2012). We determined
whether forest structure characteristics had an associa-
tion with ROW characteristics by using a global permuta-
tion test and visually assessed relationships by using a
correlation biplot. We excluded ROW center plots for this
analysis because these plots did not contain woody
vegetation.

Frequency of observations for salamanders and snakes,
except for the eastern red-backed salamander, were too
low to model the influence of ROW variables on occur-
rence probability of individual species. For all salamanders
and snakes, we report species-specific capture summary
statistics in relation to study area, age, and distance. For
the eastern red-backed salamander (Figure 2B), we used a
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Figure 4. Redundancy analysis (RDA) correlation biplot show-
ing relationships between forest structure characteristics and
natural gas pipeline rights-of-way (ROWs) characteristics at Tia-
daghton State Forest and Gamelands 12 in northern Pennsyl-
vania, USA. We sampled 320 plots across 80 sites in northern
Pennsylvania in 2019. Forest structure characteristics are num-
ber of trees (tree count) and basal area of trees (tree BA) >
15.24 cm diameter at breast height within 10 m of salamander
sampling plots, canopy cover (%) in the center of salamander
sampling plots, and counts of woody stems (stem count) aver-
aged across two 4-m? vegetation plots located within sala-
mander sampling plots. The ROW characteristics are ROW age
(1-7 y) and distance from ROW edge (0-30 m). We excluded
ROW center plots for this analysis, which did not contain
woody vegetation.

single-season occupancy model to quantify the influence
of ROW variables and forest structure characteristics on
occurrence probability at the plot level. Occupancy mod-
els are hierarchical models that account for imperfect
detection by jointly estimating probability of detection
(p) and probability of site occupancy (V) by using repli-
cated survey data (Kéry and Royle 2016). We assumed
that plots were independent of one another and closed
to births, deaths, immigration, and emigration during the
sampling period.

We ranked candidate models using Akaike’s Informa-
tion Criterion corrected for small sample size (AlCc) and
assessed model goodness of fit by using a 1,000-
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replication parametric bootstrap of the Pearson y? statis-
tic (Kéry and Royle 2016). During preliminary model fit
tests, we found that plot encounters during the first sur-
vey were substantially higher than expected and not
explained by the survey variables that we collected; we
addressed this by including survey number as a candi-
date p variable. The c-hat value for our most complex
candidate model with support indicated some overdis-
persion (c-hat = 3.37). To account for this overdisper-
sion, we ranked focal analyses candidate models by
using Quasi AlCc (QAICc; Symonds and Mousalli 2011).
We considered models with A(Q)AICc scores less than 2
to have strong support and models with A(Q)AICc scores
less than 5 to have moderate support (Burnham et al.
2011).

Because of the relatively small sample size and large
number of potential models, we used a multistage
model selection process to identify important variables
for p and Y. In the first stage, we ranked candidate p
models, which included each individual survey variable
and additive models containing variables that received
moderate or strong support individually. We tested air
temperature as both a linear and quadratic variable. We
retained the most parsimonious p model as the null
model for focal analyses. We conducted two focal analy-
ses: one assessing occurrence relations with ROW vari-
ables and one assessing occurrence relations with forest
structure characteristics. For the ROW variable analysis,
we ranked the following models: age, width, distance,
age + distance, age X distance, age + distance + width,
and age X distance + width. For the forest structure
analysis, we ranked each variable individually, but did
not include additive or interaction models because most
of the variables had high covariance.

For strongly supported ¥ models, we assessed the
direction (negative or positive), magnitude (slope), and
strength of the effect (85% confidence interval; Arnold
2010) for predictor variables and we plotted relation-
ships. We conducted all analyses by using program R
(version 4.1.1). We performed the redundancy analysis
and created biplots by using the package vegan (version

Table 1. Mean number of captures per plot for terrestrial salamander and snake species observed during coverboard surveys in
2020 at Tiadaghton State Forest (TDSF; n = 40 sites) and Gamelands 12 (GL12; n = 40 sites) in northern Pennsylvania, USA. We
computed captures per plot by study area, years since construction of natural gas pipeline right-of-way (ROW age), and distance
to edge of the pipeline ROW (distance to ROW). We placed coverboards in the center of the ROW, on the forest side of the ROW

edge, 10 m from the edge, and 30 m from the edge.

Study area ROW age Distance from ROW
GL12 TDSF 1 5 7 Center Edge 10m 30m

Salamanders

Notopthalmus viridescens 0.025 0.013 0.005 0.067 0.013 0.025 0.006 0 0.006

Plethodon cinereus 0.375 0.144 0.431 0.260 0.144 0.05 0.081 0.147 0.240

Plethodon glutinosus 0.003 0.013 0 0.010 0.013 0 0 0.003 0.012
Snakes

Diadophis punctatus 0.006 0.019 0.009 0 0.019 0.009 0.009 0.003 0.003

Lampropeltis trangulum 0 0.003 0 0 0.003 0 0.003 0 0

Opheodrys vernalis 0.003 0 0.005 0 0 0.003 0 0 0

Storeria dekayi 0.006 0.003 0 0.019 0.003 0.006 0.003 0 0

Storeria occipitomaculata 0.006 0.003 0.009 0 0.003 0.009 0 0 0

Thamnophis sirtalis 0.009 0.028 0.005 0.010 0.028 0.025 0.006 0 0.006
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Table 2. Model selection results for the influence of environmental variables on detection probability (p), influence of natural gas
pipeline rights-of-way (ROW) characteristics on occupancy probability (‘¥'), and influence of forest structure characteristics on ¥
for eastern red-backed salamanders Plethodon cinereus surveyed between May and August 2020 at Tiadaghton State Forest (n =
40 sites) and Gamelands 12 (n = 40 sites) in northern Pennsylvania, USA. We used Akaike’s Information Criterion corrected for
small sample size (AlCc; detection probability models) or Quasi AlCc (QAICc; occupancy probability models) to rank candidate
models. We recorded survey variables at the start of each survey, including day of year, time of survey, air temperature (°C), wind
speed (km/h), and overhead weather conditions (full sun, partly cloudy, overcast, light rain, medium rain). Survey number refers to
the order of the salamander survey (1-4). The ROW characteristics include ROW age, distance from edge of ROW (including a neg-
ative distance for center ROW plots), and ROW width. Forest structure characteristics include canopy cover (%), heat load index
value (0-1), number of trees with a diameter at breast height (DBH) > 15.24 cm (tree count), basal area of trees with a DBH >
15.24 cm (tree basal area), and total woody stem count. Intercept-only models are shown as (.).

Model AlICc/QAICc AAICc/AQAICc 0}
Detection probability (p)
Survey number + air temperature (linear) 815.30 0 0.78
Survey number 817.88 2.58 0.22
Air temperature (linear) 853.29 37.99 0
Overhead weather conditions 892.49 77.20 0
() 895.64 80.35 0
Time of survey 897.21 81.91 0
Wind speed 914.45 99.15 0
Day of year 1037.09 221.80 0
ROW characteristics (W)
Age + distance 245.12 0 0.43
Age X distance 246.67 1.55 0.20
Age + distance + width 247.22 2.10 0.15
Distance 248.35 3.22 0.09
Age + distance X width 248.79 3.67 0.07
Age 249.33 4.20 0.05
() 252.65 7.52 0.01
Width 253.11 7.99 0.01
Forest structure characteristics (¥)
Canopy cover 248.27 0 0.43
Tree basal area 249.41 1.15 0.24
Tree count 249.59 1.32 0.22
() 252.65 4.38 0.05
Woody stem count 253.44 5.17 0.03
Heat load index 254.60 6.33 0.02

2.6-4). We estimated heat load index by using the pack-
age spatialEco (version 2.0-0). We performed occupancy
model analyses by using the page unmarked (version
1.1.1) and created model plots by using the packages
ggplot2 (version 3.4.0) and cowplot (version 1.1.1). We
assessed model goodness of fit and ranked candidate
models by using the package AlCcmodavg (version 2.3-1).

Results

Forest structure characteristics

The redundancy analysis indicated that age and distance
were significant predictors of forest structure characteristics
(P = 0.001; adjusted * = 0.071), with distance being the
strongest predictor (Figure 4). Tree count, basal area, and
canopy cover increased with distance. Woody stem count
increased with age. Site-level forest structure data are avail-
able online (Data S2, Supplemental Material).

Salamander and snake encounters

We encountered three salamander species on both
study areas during coverboard sampling: eastern newt
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Notophthalmus viridescens (n = 12), eastern red-backed sala-
mander (n = 166), and northern slimy salamander Pletho-
don glutinosus (n = 5; Table 1). Relationships between
captures and age varied among the three species, with east-
ern red-backed salamander captures decreasing with age,
northern slimy salamander captures increasing with age,
and eastern newt captures being highest for the middle
age. Northern slimy salamander and eastern red-backed sal-
amander captures increased with distance, but eastern
newt captures were highest in the center of the ROW. Plot-
level salamander capture data are available online (Data S3,
Supplemental Material).

We encountered six snake species during coverboard
sampling: ring-necked snake Diadophis punctatus (n =
8), eastern milksnake Lampropeltis triangulum (n = 1),
smooth greensnake Opheodrys vernalis (n = 1), Dekay's
brownsnake Storeria dekayi (n = 3), red-bellied snake
Storeria occipitomaculata (n = 3), and common garter-
snake Thamnophis sirtalis (n = 12; Table 1). We captured
four of six species at both GL12 and TDSF, with smooth
greensnake only captured at GL12 and eastern milksnake
only captured at TDSF. Common gartersnake captures
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Figure 5. Predicted eastern red-backed salamander Plethodon
cinereus occupancy probability (V) in relation to natural gas
pipeline rights-of-way (ROWs) age (1 [A], 5 [B], and 7 [C] y) and
distance to edge of the ROW. Between May and August 2020,
we surveyed for salamanders four times at 320 coverboard
plots across 80 sites in Tiadaghton State Forest and Gamelands
12 in northern Pennsylvania, USA. At each site, we placed cover-
board plots in the center of the ROW, on the forest side of the
edge of the ROW, and 10 and 30 m into the adjacent forest per-
pendicular to the ROW. For the x-axis, O represents the ROW edge
and negative values represent plots within the ROW. All models
included survey number and temperature as predictors of detec-
tion probability (p). Solid lines represent the mean ¥ prediction
and gray bands encompass the 85% confidence intervals.

increased with age, but the remaining species did not
show a clear pattern related to age. Captures decreased
with distance for all species except eastern milksnake,
which we encountered only at the ROW edge. Plot-level
snake capture data are available online (Data S3, Supple-
mental Material).

Eastern red-backed salamander

Survey number + linear air temperature was the most
supported model for p (m = 0.78; Table 2), and we used
this model as the null model for focal analyses. Survey
number alone had moderate support (AAICc = 2.58, ® =
0.22). Estimated p was highest for the first survey and
decreased with air temperature, and p ranged from 0.10
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Table 3. Beta coefficient () and 85% confidence interval (Cl)
for strongly supported models estimating the influence of
rights-of-way (ROW) and forest structure characteristics on
occupancy probability (W) for eastern red-backed salamanders
Plethodon cinereus surveyed between May and August 2020 at
Tiadaghton State Forest (n = 40 sites) and Gamelands 12 (n =
40 sites) in northern Pennsylvania, USA.

Model B 85% CI
ROW characteristic
Age + distance

Intercept 0.906 0.268 to 1.545
Age —0.277 —0.381 to —0.173
Distance 0.055 0.036 to 0.074
Age X distance
Intercept 0.897 0.195 to 1.600
Age —0.263 —0.376 to —0.149
Distance 0.091 0.043 to 0.139
Age X distance —0.007 —0.015 to 0.001

Forest structure characteristic
Canopy cover

Intercept —0.977 —1.433 to —0.520

Canopy cover 0.021 0.014 to 0.028
Tree basal area

Intercept —0.591 —0.986 to —0.197

Tree basal area 0.018 0.009 to 0.027
Tree count

Intercept —0.577 —0.976 to —0.178

Tree count 0.219 0.102 to 0.335

to 0.55 during salamander surveys. Survey-level weather
data are available online (Data S4, Supplemental Material).
For the ROW variable analysis, the most supported model
was age + distance ® = 0.43; Table 2), with age X dis-
tance also receiving strong support (AQAICc = 1.55, =
0.20). The models estimated that ¥ decreased as age
increased and ¥ increased with distance (Figure 5; Table
3). For the forest structure analysis, canopy cover was the
most supported model (o = 0.43; Table 2), with two addi-
tional variables receiving strong support: tree basal area
(AQAICc = 1.15, ® = 0.24) and tree count (AQAICc =
1.32, ® = 0.22). Predicted ¥ showed a positive associa-
tion with all three variables (Figure 6; Table 3).

Discussion

Our results indicate that eastern red-backed salaman-
ders are negatively influenced by forest fragmentation
from natural gas ROWs, consistent with our expectations
based on the natural history of this species and previous
studies assessing responses to forest fragmentation (e.g.,
Silva et al. 2003; Marsh and Beckman 2004; Yahner
2004). Edge effects from increased sunlight penetration
and wind that create a warmer and more arid forest floor
are diminished as distance from forest edge increases
(Wright et al. 2010). Our findings indicated that eastern
red-backed salamanders responded to these edge
effects through decreased occupancy probability closer
to ROWs. As predicted based on previous research (e.g.,
DeGraaf and Yamasaki 2002; Marsh 2007; Moseley et al.
2009), we also found that eastern red-backed
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Figure 6. Predicted eastern red-backed salamander Plethodon
cinereus occupancy probability () in relation to forest struc-
ture characteristics, including canopy cover (%; A), basal area
of trees with a diameter at breast height (DBH) > 15.24 ¢cm
(tree basal area; B), and number of trees with a DBH > 15.24
cm (tree count; C). Between May and August 2020, we sur-
veyed for salamanders four times at 320 coverboard plots
across 80 sites in Tiadaghton State Forest and Gamelands 12
in northern Pennsylvania, USA. At each site, we placed cover-
board plots in the center of the ROW, on the forest side of the
edge of the ROW, and 10 and 30 m into the adjacent forest
perpendicular to the ROW, and we recorded forest structure
characteristics at each plot location. All models included sur-
vey number and temperature as predictors of detection proba-
bility (p). Solid lines represent the mean ¥ prediction and gray
bands encompass the 85% confidence intervals.

salamander occupancy was positively associated with
canopy cover, tree basal area, and tree count, conditions
that are representative of mature forests.

In general, previous research has shown that occur-
rence and abundance patterns of wildlife in postdisturb-
ance energy production landscapes follow expectations
based on the natural history of individual species (Mar-
genau et al. 2019; Lituma et al. 2021). However, our
study indicates that amphibian responses are time
dependent; we found that eastern red-backed salaman-
der occupancy probability continued to decline as age
increased. This finding is consistent with previous studies
focused on responses to timber harvest (Demaynadier
and Hunter 1998; Macneil and Williams 2014). We
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hypothesize that construction of natural gas ROWs
decreased habitat quality for eastern red-backed sala-
manders in the adjacent forest, resulting in a population
decline through reductions in survival or fecundity. How-
ever, additional research is needed to understand whether
vital rates declined or individual salamanders dispersed
from the sampling area and whether the species will even-
tually be extirpated from plots adjacent to the ROWs.
Additional studies focused on reproductive success and
survival rates would improve our understanding of the
impact of ROWSs on this species. For example, Riedel et al.
(2012) found a significantly higher proportion of juvenile
eastern red-backed salamanders in woodlands than mead-
ows, potentially indicating higher reproductive success or
juvenile survival rates in closed canopy environments. In
addition, we emphasize that our results for eastern red-
backed salamanders should not be extrapolated to other
salamander species due to biological and ecological differ-
ences among species (Petranka 1998). The limited encoun-
ter data for other salamanders documented in our study
point to contrasting patterns that may reflect such
differences.

Although extremely limited (1-12 observations per
species), our count data indicated that captures of indi-
vidual snake species showed a positive association with
ROWSs. Reptiles are not as sensitive to desiccation as
amphibians (Reinert 1993; Mullin and Seigel 2009), and
canopy removal increases thermoregulatory potential
for reptiles (Andrews et al. 2008; Patrick and Gibbs 2009;
Reinert et al. 2011). In addition, food resources for
snakes, such as invertebrates and small mammals, may
be higher along ROWs than in the interior forest (Yahner
2004). Although not a focus of our study, we found evi-
dence of meadow vole Microtus pennsylvanicus nests or
encountered live individuals under 53% of large cover-
boards placed in the center or edge of the ROW, in com-
parison with 7% of large coverboards placed 10 or 30 m
into the adjacent forest, indicating that meadow vole
use showed a positive association with ROWs. However,
there were limited snake captures during this study and
additional research should aim to quantify the influence
of natural gas ROWs on snake populations. Using multi-
ple sampling methods, such as active searches, cover-
boards, and drift fences with funnel traps, could result in
captures that are sufficient for statistical modeling (Fitz-
gerald 2012).

Based on our results, locating future pipelines along
existing roads may be a strategy to minimize potential
impacts on eastern red-backed salamander populations.
Expanding the width of an existing road would generally
be preferable to creating new clearings through interior
forest patches that are free of edge effects, because new
disturbances will degrade the quality of interior forest,
decrease forest cover, and increase total forest fragmen-
tation (Murcia 1995; Moran et al. 2015). In addition,
retaining or adding woody debris or large rocks within
the ROWs could benefit amphibians and reptiles that
occupy or traverse them (Marsh et al. 2005). Coarse
woody debris has been found to improve salamander
habitat quality when canopy cover is removed, and sur-
veys of powerline ROWSs with coarse woody debris have
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documented salamanders using these objects (Brannon
et al. 2014; O'Donnell et al. 2014).

In conclusion, our study supports that eastern red-
backed salamanders are negatively influenced by natural
gas ROWs and that impacts increase over time. To mini-
mize negative effects on eastern red-backed salamander
populations, managers could consider placing pipelines
along existing linear clearings when possible and enhanc-
ing habitat quality for salamanders. We recommend that
additional research be conducted to better understand
how ROW characteristics influence eastern red-backed sal-
amander population vital rates, as well as how ROW width
influences dispersal probabilities to provide additional
guidance on ROW creation and management.
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Data S1. README file for interpreting column headers in
site, survey, and capture data used to assess the influence
of rights-of-way (ROWs) and forest structure characteristics
on herpetofaunal captures and eastern red-backed sala-
mander Plethodon cinereus occupancy probability. Study
sites were within the Tiadaghton State Forest and Game-
lands 12 in northern Pennsylvania, USA. We measured for-
est structure characteristics in 2019 and conducted
herpetofaunal surveys between May and August 2020 at 80
sites containing a total of 320 sampling plots.

Available: https://doi.org/10.3996/JFWM-22-032.51 (16
KB XLSX)

Data S2. Site data used to assess the influence of
rights-of-way (ROWs) and forest structure characteris-
tics on herpetofaunal captures and eastern red-backed
salamander Plethodon cinereus occupancy probability.
Study sites were within Tiadaghton State Forest and
Gamelands 12 in northern Pennsylvania, USA. We mea-
sured forest structure characteristics in 2019 and con-
ducted herpetofaunal surveys between May and
August 2020 at 80 sites containing a total of 320 sam-
pling plots.

Available: https://doi.org/10.3996/JFWM-22-032.52 (27
KB XLSX)

Data S3. Capture data used to assess the influence of
rights-of-way (ROWSs) and forest structure characteristics
on herpetofaunal captures and eastern red-backed sala-
mander Plethodon cinereus occupancy probability. Study
sites were within Tiadaghton State Forest and Game-
lands 12 in northern Pennsylvania, USA. We measured
forest structure characteristics in 2019 and conducted
herpetofaunal surveys between May and August 2020 at
80 sites containing a total of 320 sampling plots.

Available: https://doi.org/10.3996/JFWM-22-032.54 (20
KB XLSX)

Data S4. Survey data used to assess the influence of
rights-of-way (ROWSs) and forest structure characteristics
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on herpetofaunal captures and eastern red-backed sala-
mander Plethodon cinereus occupancy probability. Study
sites were within Tiadaghton State Forest and Game-
lands 12 in northern Pennsylvania, USA. We measured
forest structure characteristics in 2019 and conducted
herpetofaunal surveys between May and August 2020 at
80 sites containing a total of 320 sampling plots.

Available: https://doi.org/10.3996/JFWM-22-032.53 (27
KB XLSX)

Reference S1. Slonecker E, Milheim L, Roig-Silva CM,
Malizia AR, Marr DA, Fisher GB. 2012. Landscape conse-
quences of natural gas extraction in Bradford and Wash-
ington counties, Pennsylvania, 2004-2010. Open-File
Report 2012-1154. Reston, Virginia: U.S. Geological Survey.

Available: https://doi.org/10.3996/JFWM-22-032.55 (3.292
MB PDF)

Acknowledgments

We are grateful to Kevin Harris for assisting with data col-
lection for this project and to the Pennsylvania Game
Commission and Pennsylvania Department of Conserva-
tion and Natural Resources for land access and local
knowledge within the study area. We thank three anony-
mous reviewers and the Associate Editor for suggestions
that improved the quality of this article. The Pennsylvania
Game Commission (permit SFRA-1914) and the Pennsylva-
nia Department of Conservation and Natural Resources
(permit 46276) approved these research activities and
access. The West Virginia University Institutional Animal
Care and Use Committee (protocol 1602000309) approved
salamander sampling and handling methods. The U.S.
Department of Agriculture National Institute of Food and
Agriculture Mclntire-Stennis program (project WVA00806)
and the West Virginia Agricultural and Forestry Experiment
Station supported this work. Any use of trade, product,
website, or firm names in this publication is for descriptive
purposes only and does not imply endorsement by the
U.S. Government.

The findings and conclusions in this publication are
those of the authors and should not be construed to rep-
resent any official USDA or United States Government
determination or policy.

References

Andrews K, Gibbons W, Jochimsen D. 2008. Ecological
effects of roads on amphibians and reptiles: a litera-
ture review. Pages 121-143 in Mitchell JC, Jung Brown
RE, Bartholomew B, editors. Urban herpetology. Herpe-
tological Conservation Volume 3. Salt Lake City, Utah:
Society for the Study of Amphibians and Reptiles.

Arnold TW. 2010. Uninformative parameters and model
selection using Akaike’s Information Criterion. Journal
of Wildlife Management 74:1175-1178.

Brannon P, Allan EC, Silinski MC. 2014. Terrestrial salaman-
der abundances along and within an electric power line

December 2023 | Volume 14| Issue 2 | 311

¥20Z ABIN L0 U0 Jasn 18jua) Yoseasay aYIIPIIM [euoneN Aq Jpd-z8z-z-¥1-X.89-71611/0.L9L LEE/Z8T/T/v L /HPd-Bloie/Wwmyljwoo ssaidua)|e uelpLaw//:dpy woly papeojumoq


https://doi.org/10.3996/JFWM-22-032.S1
https://doi.org/10.3996/JFWM-22-032.S2
https://doi.org/10.3996/JFWM-22-032.S4
https://doi.org/10.3996/JFWM-22-032.S3
https://doi.org/10.3996/JFWM-22-032.S5
https://www.fwspubs.org

Natural Gas Pipeline Right-of-Ways and Eastern Red-Backed Salamander

right-of-way. Journal of North Carolina Academy of Sci-
ence 132:40-45.

Burnham KP, Anderson DR, Huyvaert KP. 2011. AIC model
selection and multimodel inference in behavioral ecol-
ogy: some background, observations, and compari-
sons. Behavioral Ecology and Sociobiology 65:23-35.

Carter KM, Harper JA, Schmid KW, Kostelnik J. 2011.
Unconventional natural gas resources in Pennsylvania:
the backstory of the modern Marcellus Shale play.
Environmental Geosciences 18:217-257.

Chalfoun AD. 2021. Responses of vertebrate wildlife to
oil and natural gas development: patterns and fron-
tiers. Current Landscape Ecology Reports 6:71-84.

Chen J, Saunders SC, Crow TR, Naiman RJ, Brosofske KD,
Mroz GD, Brookshire BL, Franklin JF. 1999. Microcli-
mate in forest ecosystem and landscape ecology: varia-
tions in local climate can be used to monitor and com-
pare the effects of different management regimes.
Bioscience 49:288-297.

Cosentino BJ, Brubaker KM. 2018. Effects of land use leg-
acies and habitat fragmentation on salamander abun-
dance. Landscape Ecology 33:1573-1584.

Cushman SA. 2006. Effects of habitat loss and fragmenta-
tion on amphibians: a review and prospectus. Biologi-
cal Conservation 128:231-240.

Dantas de Paula M, Groeneveld J, Huth A. 2016. The
extent of edge effects in fragmented landscapes:
insights from satellite measurements of tree cover.
Ecological Indicators 69:196-204.

DeGraaf RM, Yamasaki M. 2002. Erratum: effects of edge
contrasts on redback salamander distribution in even-
aged northern hardwoods. Forest Science 48:625.

Demaynadier PG, Hunter ML Jr. 1998. Effects of silvicul-
tural edges on the distribution and abundance of
amphibians in Maine. Conservation Biology 12:340-352.

Donnelly S, Wilson IC, Appiah JO. 2017. Comparing land
change from shale gas infrastructure development in
neighboring Utica and Marcellus regions, 2006-2015.
Journal of Land Use Science 5:338-350.

Drohan PJ, Brittingham M, Bishop J, Yoder K. 2012. Early
trends in landcover change and forest fragmentation
due to shale-gas development in Pennsylvania: a
potential outcome for the northcentral appalachians.
Environmental Management 49:1061-1075.

Eldegard K, Eyitayo DL, Lie MH, Moe SR. 2017. Can
powerline clearings be managed to promote insect-
pollinated plants and species associated with semi-
natural grasslands? Landscape and Urban Planning
167:419-428.

Fischer J, Lindenmayer DB. 2007. Landscape modification
and habitat fragmentation: a synthesis. Global Ecology
and Biogeography 16:265-280.

Fitzgerald LA. 2012. Finding and capturing reptiles. Pages
77-88 in McDiarmid RW, Foster MS, Guyer C, Gibbons
JW, Chernoff N, editors. Reptile biodiversity: standard

&%) Journal of Fish and Wildlife Management | www.fwspubs.org

D.J. Brown et al.

methods for inventory and monitoring. Berkeley, Cali-
fornia: University of California Press.

Folga SM. 2007. Natural gas pipeline technology over-
view. Report ANL/EVS/TM/08-5. Argonne, lllinois: Argonne
National Laboratory. Available: https://doi.org/10.2172/
925391

Green FHW, Harding RJ, Oliver HR. 1984. The relationship
of soil temperature to vegetation height. Journal of
Climatology 4:229-240.

Grushecky ST, Harris KJ, Strager MP, Wang J, Mesa AN.
2022. Land cover change associated with unconven-
tional oil and gas development in the Appalachian
region. Environmental Management 70:869-880.

Halliday W, Blouin-Demers G. 2015. Efficacy of cover-
boards for sampling small northern snakes. Herpetol-
ogy Notes 8:309-314.

Hesed KM. 2012. Uncovering salamander ecology: a review
of coverboard design. Journal of Herpetology 46:442—450.

Hough AF, Forbes RD. 1943. The ecology and silvics of
forests in the high plateau of Pennsylvania. Ecological
Monographs 13:299-320.

Hyde EJ, Simons TR. 2001. Sampling plethodontid sala-
manders: sources of variability. Journal of Wildlife Man-
agement 65:624-632.

Icochea J, Quispitupac E, Portilla A, Ponce E. 2002. Frame-
work for assessment and monitoring of amphibians
and reptiles in the lower Urubamba region, Peru. Envi-
ronmental Monitoring and Assessment 76:55-67.

Kennedy JL. 1984. Oil and gas pipeline fundamentals.
Tulsa, Oklahoma: Pennwell Books.

Kéry M, Royle JA. 2016. Applied hierarchical modeling in
ecology: analysis of distribution, abundance and spe-
cies richness in R and BUGS. San Diego, California:
Academic Press.

Kozak KH. 2017. What drives variation in plethodontid
salamander species richness over space and time?
Herpetologica 73:220-228.

Langlois LA, Drohan PJ, Brittingham MC. 2017. Linear
infrastructure drives habitat conversion and forest
fragmentation associated with Marcellus shale gas
development in a forested landscape. Journal of Envi-
ronmental Management 197:167-176.

Legendre P, Legendre LF. 2012. Numerical ecology. Amster-
dam: Elsevier.

Lituma CM, Cox JJ, Spear SF, Edwards JW, De La Cruz JL,
Muller LI, Ford WM. 2021. Terrestrial wildlife in the
post-mined Appalachian landscape: status and oppor-
tunities. Pages 135-166 in Zipper CE, Skousen J, edi-
tors. Appalachia’s coal-mined landscapes: resources
and communities in a new energy era. Cham, Switzer-
land: Springer.

Liu Y. 2021. Remote sensing of forest structural changes
due to the recent boom of unconventional shale gas
extraction activities in Appalachian Ohio. Remote Sens-
ing 13:Article 1453.

December 2023 | Volume 14 | Issue 2 | 312

¥20Z ABIN L0 U0 Jasn 18jua) Yoseasay aYIIPIIM [euoneN Aq Jpd-z8z-z-¥1-X.89-71611/0.L9L LEE/Z8T/T/v L /HPd-Bloie/Wwmyljwoo ssaidua)|e uelpLaw//:dpy woly papeojumoq


https://doi.org/10.2172/925391
https://doi.org/10.2172/925391
https://www.fwspubs.org

Natural Gas Pipeline Right-of-Ways and Eastern Red-Backed Salamander

Macneil JE, Williams RN. 2014. Effects of timber harvests
and silvicultural edges on terrestrial salamanders. PLoS
One 9:e114683.

Margenau EL. 2020. Avian and salamander response to
young forest management in West Virginia. Doctoral
dissertation. Morgantown, West Virginia: West Virginia
University.

Margenau EL, Wood PB, Weakland CA, Brown DJ. 2019.
Trade-offs relating to grassland and forest mine recla-
mation approaches in the central Appalachian region
and implications for the songbird community. Avian
Conservation and Ecology 14:Article 2.

Margenau EL, Wood PB, Brown DJ. 2020. Efficacy and
biases of cover object survey design for sampling
eastern red-backed salamanders Plethodon cinereus at
forest edge and interior locations. Herpetological Con-
servation and Biology 15:440-447.

Marsh DM. 2007. Edge effects of gated and ungated
roads on terrestrial salamanders. Journal of Wildlife
Management 71:389-394.

Marsh DM, Beckman NG. 2004. Effects of forest roads on
the abundance and activity of terrestrial salamanders.
Ecological Applications 14:1882-1891.

Marsh DM, Milam GS, Gorham NP, Beckman NG. 2005.
Forest roads as partial barriers to terrestrial salaman-
der movement. Conservation Biology 19:2004—2008.

Marsh DM, Page RB, Hanlon TJ, Corritone R, Little EC,
Seifert DE, Cabe PR. 2008. Effects of roads on patterns
of genetic differentiation in red-backed salamanders,
Plethodon cinereus. Conservation Genetics 9:603-613.

McCune B, Keon D. 2002. Equations for potential annual
direct incident radiation and heat load. Journal of
Vegetation Science 13:603-606.

Moore JD. 2005. Use of native dominant wood as a new
coverboard type for monitoring eastern red-backed
salamanders. Herpetological Review 36:268-271.

Moran MD, Cox AB, Wells RL, Benichou CC, McClung MR.
2015. Habitat loss and modification due to gas devel-
opment in the Fayetteville shale. Environmental Man-
agement 55:1276-1284.

Moseley KR, Ford WM, Edwards JW. 2009. Local and land-
scape scale factors influencing edge effects on wood-
land salamanders. Environmental Monitoring and
Assessment 151:425-435.

Mullin SJ, Seigel RA. 2009. Snakes: ecology and conserva-
tion. Ithaca, New York: Cornell University Press.

Murcia C. 1995. Edge effects in fragmented forests: impli-
cations for conservation. Trends in Ecology & Evolu-
tion 10:58-62.

National Oceanic and Atmospheric Administration. 2021.
U.S. climate normals. Available: https://www.ncei.noaa.
gov/access/us-climate-normals/ (April 2023)

O’Donnell KM, Thompson FR, Semlitsch RD. 2014. Pre-
dicting variation in microhabitat utilization of terres-
trial salamanders. Herpetologica 70:259-265.

&%) Journal of Fish and Wildlife Management | www.fwspubs.org

D.J. Brown et al.

Patrick DA, Gibbs JP. 2009. Snake occurrences in grass-
land associated with road versus forest edges. Journal
of Herpetology 43:716-720.

Peterman WE, Semlitsch RD. 2013. Fine-scale habitat
associations of a terrestrial salamander: the role of
environmental gradients and implications for popula-
tion dynamics. PLoS One 8:€62184.

Petranka JW. 1998. Salamanders of the United States and
Canada. Washington, D.C.: Smithsonian Institution Press.

Phillips DL, Shure DJ. 1990. Patch-size effects on early
succession in southern Appalachian forests. Ecology
71:204-212.

Reinert HK. 1993. Habitat selection in snakes. Pages 201—
240 in Seigel RA, Collins JT, editors. Snakes: ecology
and behavior. New York: McGraw-Hill.

Reinert HK, Munroe WF, Brennan CE, Rach MN, Pelesky S,
Bushar LM. 2011. Response of timber rattlesnakes to
commercial logging operations. Journal of Wildlife
Management 75:19-29.

Riedel BL, Russell KR, Ford WM. 2012. Physical condition,
sex, and age-class of eastern red-backed salamanders
(Plethodon cinereus) in forested and open habitats of
West Virginia, USA. International Journal of Zoology
2012:Article 623730.

Ritters KH, Wickham JD, O'Neill RV, Jones KB, Smith ER,
Coulston JW, Wade TG, Smith JH. 2002. Fragmentation of
continental United States forests. Ecosystems 5:815-822.

Ross BD, Berger J, Mahan CG, Russo L. 2022. Species rich-
ness, abundance, and productivity of birds along a
powerline right-of-way within a forested landscape,
northeastern United States. American Midland Natu-
ralist 187:243-257.

Russell KN, lkerd H, Droege S. 2005. The potential conser-
vation value of unmowed powerline strips for native
bees. Biological Conservation 124:133-148.

Russell KN, Russell GJ, Kaplan KL, Mian S, Kornbluth S.
2018. Increasing the conservation value of powerline
corridors for wild bees through vegetation manage-
ment: an experimental approach. Biodiversity and Con-
servation 27:2541-2565.

Schutz AJ, Driscoll DA. 2008. Common reptiles unaf-
fected by connectivity or condition in a fragmented
farming landscape. Austral Ecology 33:641-652.

Silva M, Hartling LA, Field SA, Teather K. 2003. The effects
of habitat fragmentation on amphibian species rich-
ness of Prince Edward Island. Canadian Journal of
Zoology 81:563-573.

Slonecker E, Milheim L, Roig-Silva CM, Malizia AR, Marr
DA, Fisher GB. 2012. Landscape consequences of nat-
ural gas extraction in Bradford and Washington coun-
ties, Pennsylvania, 2004-2010. Open-File Report 2012—
1154. Reston, Virginia: U.S. Geological Survey (see Sup-
plemental Material, Reference S1).

Song YT, Zhou DW, Zhang HX, Di Li G, Jin YH, Li Q. 2013.
Effects of vegetation height and density on soil temper-
ature variations. Chinese Science Bulletin 58:907-912.

December 2023 | Volume 14 | Issue 2 | 313

¥20Z ABIN L0 U0 Jasn 18jua) Yoseasay aYIIPIIM [euoneN Aq Jpd-z8z-z-¥1-X.89-71611/0.L9L LEE/Z8T/T/v L /HPd-Bloie/Wwmyljwoo ssaidua)|e uelpLaw//:dpy woly papeojumoq


https://www.ncei.noaa.gov/access/us-climate-normals/
https://www.ncei.noaa.gov/access/us-climate-normals/
https://www.fwspubs.org

Natural Gas Pipeline Right-of-Ways and Eastern Red-Backed Salamander

Sugalski MT, Claussen DL. 1997. Preference for soil mois-
ture, soil pH, and light intensity by the salamander, Ple-
thodon cinereus. Journal of Herpetology 31:245-250.

Symonds MRE, Mousalli A. 2011. A brief guide to model
selection, multimodel inference and model averag-
ing in behavioural ecology using Akaike’s informa-
tion criterion. Behavioral Ecology and Sociobiology
65:13-21.

[US EIA] U.S. Energy Information Administration. 2011.
Natural gas annual 2010. Available: https://www.eia.
gov/naturalgas/annual/pdf/nga10.pdf (May 2023).

[US EIA] U.S. Energy Information Administration. 2023.
Where our natural gas comes from. Available: https://

&%) Journal of Fish and Wildlife Management | www.fwspubs.org

D.J. Brown et al.

www.eia.gov/energyexplained/natural-gas/where-our-
natural-gas-comes-from.php (May 2023).

Wagner DL, Metzler KJ, Leicht-Young SA, Motzkin G. 2014.
Vegetation composition along a New England transmis-
sion line corridor and its implications for other trophic
levels. Forest Ecology and Management 327:231-239.

Wright TE, Kasel S, Tausz M, Bennett LT. 2010. Edge
microclimate of temperate woodlands as affected by
adjoining land use. Agricultural and Forest Meteorol-
ogy 150:1138-1146.

Yahner RH. 2004. Wildlife response to more than 50 years
of vegetation maintenance on a Pennsylvania, U.S,,
right-of-way. Journal of Arboriculture 30:123-126.

December 2023 | Volume 14 | Issue 2 | 314

¥20Z ABIN L0 U0 Jasn 18jua) Yoseasay aYIIPIIM [euoneN Aq Jpd-z8z-z-¥1-X.89-71611/0.L9L LEE/Z8T/T/v L /HPd-Bloie/Wwmyljwoo ssaidua)|e uelpLaw//:dpy woly papeojumoq


https://www.eia.gov/naturalgas/annual/pdf/nga10.pdf
https://www.eia.gov/naturalgas/annual/pdf/nga10.pdf
https://www.eia.gov/energyexplained/natural-gas/where-our-natural-gas-comes-from.php
https://www.eia.gov/energyexplained/natural-gas/where-our-natural-gas-comes-from.php
https://www.eia.gov/energyexplained/natural-gas/where-our-natural-gas-comes-from.php
https://www.fwspubs.org



