
Faculty Scholarship Collection

The faculty at Allegheny College has made this scholarly article openly available through
the Faculty Scholarship Collection (FSC).

HOW TO GET A COPY OF THIS ARTICLE:
Students, faculty, and staff at Allegheny College may obtain a copy of this article at:
https://www.eaglehill.us/SENAonline/articles/SENA-sp-11/26-Serfass.shtml.

Article Title Den-Site Selection by Eastern Spotted Skunks in the Central
Appalachian Mountains of West Virginia

Author(s) Hassler, Kendyl N.; Waggy, Charles D.; Spinola, Manuel;
Oxenrider, Kevin J.; Rogers, Rich E.; Pearce, Kelly J.; Serfass,
Thomas L.

Journal Title Southeastern Naturalist

Citation Kendyl N. Hassler, Charles D. Waggy, R. Manuel Spínola, Kevin
J. Oxenrider, Rich E. Rogers, Kelly J. Pearce, Thomas L. Serfass
"Den-Site Selection by Eastern Spotted Skunks in the Central
Appalachian Mountains of West Virginia," Southeastern
Naturalist, 20(sp11), 209-224, (13 August 2021)

Link to article on publisher’s
website

https://www.eaglehill.us/SENAonline/articles/SENA-sp-11/2
6-Serfass.shtml

Version of article in FSC Published Article

Link to this article through FSC https://dspace.allegheny.edu/handle/10456/52770

Date article added to FSC August 27, 2021

Terms of Use The publisher, Eagle Hill Institute reserves the copyright to all
its publications. Any reproduction, other than for an
individual's own personal and private use, or distribution of
journal content is prohibited without written permission from
Eagle Hill Institute.

Information about Allegheny’s Open Access Policy is available at http://sites.allegheny.edu/scholarlycommunication/
For additional articles from this collection, visit https://dspace.allegheny.edu/handle/10456/34250

https://www.eaglehill.us/SENAonline/articles/SENA-sp-11/26-Serfass.shtml
https://www.eaglehill.us/SENAonline/articles/SENA-sp-11/26-Serfass.shtml
https://www.eaglehill.us/SENAonline/articles/SENA-sp-11/26-Serfass.shtml
https://dspace.allegheny.edu/handle/10456/52770


209

Den-site Selection by Eastern Spotted Skunks in the Central 
Appalachian Mountains of West Virginia

Kendyl N. Hassler1,2, Charles D. Waggy2, R. Manuel Spínola3, 
Kevin J. Oxenrider2, Rich E. Rogers2, Kelly J. Pearce4, and Thomas L. Serfass1,*

Abstract - We assessed den-site selection of Spilogale putorius (Eastern Spotted Skunk) 
in the Appalachian Mountains of West Virginia by radio-tracking 8 individuals to 83 dens 
from January 2018 to October 2019. We measured local habitat characteristics at den sites 
and nearby, presumed unused paired sites and compared the habitat predictors via binary 
logistic regression. Results from the averaged model indicated greater understory cover 
from stems of Kalmia latifolia (Mountain Laurel) and Vaccinium spp. (Blueberry) and 
Gaylussacia spp. (Huckleberry), as well as medium to large rocks, and coarse woody debris 
increased the odds of a den site being used. Medium to large rocks were the most influential 
predictor of a den site. Our results suggest Eastern Spotted Skunks in this region would 
likely benefit from management practices that increase density of understory cover and 
coarse woody debris and preserve rocky outcroppings.

Introduction

 Spilogale putorius (L.) (Eastern Spotted Skunk) is a small Musteloid that has 
experienced a range-wide population decline (Gompper and Hackett 2005, Les-
meister et al. 2013). Because of this decline, Eastern Spotted Skunks were recently 
classified as vulnerable across their range by the International Union for Conserva-
tion of Nature’s (IUCN) Red List (Gompper and Jachowski 2016). Although the 
cause of this decline has not been identified, several non-exclusive hypotheses 
have been proposed, including habitat loss and alteration (Gompper 2017). Hence, 
there has been recent focus on assessing habitat requirements for Eastern Spotted 
Skunks (Lesmeister et al. 2009, Thorne et al. 2017), including efforts to determine 
habitat conditions associated with rest and den sites (hereafter, collectively referred 
to as den sites; Eng and Jachowski 2019, Harris et al. 2020, Lesmeister et al. 2008, 
Sprayberry and Edelman 2018). 
 Eastern Spotted Skunks do not appear to be restricted to deciduous or conifer-
ous forest stands, but rather may be reliant on habitats with increased structural 
complexity, particularly at the midstory, understory, and ground level (Lesmeister 
et al. 2009). In the Appalachian Mountains, Eastern Spotted Skunks have been 
associated with early–mid-successional forests, typically with a dense midstory 
and understory (Eng and Jachowski 2019, Lesmeister et al. 2009, Sprayberry and 
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Edelman 2018, Thorne et al. 2017). Alternatively, Eastern Spotted Skunks have also 
been found to use old-growth Picea rubens Sarg. (Red Spruce) forest stands, likely 
because of the associated dense understory of Rhododendron maximum L. (Rhodo-
dendron) and Kalmia latifolia L. (Mountain Laurel) (Diggins et al. 2015, Thorne 
et al. 2017). Where these forest characteristics are unavailable, Eastern Spotted 
Skunks may depend on other forms of structural complexity, such as sites with 
abundant rocky outcroppings (Boulerice and Zinke 2017, Gifford and Whitebread 
1951, Larson 1968, Lesmeister et al. 2008, Lombardi et al. 2017, Paradiso 1969) 
and coarse woody debris (CWD; Eng and Jachowski 2019).
 Aside from a general need for cover, availability of suitable den sites may limit 
the occurrence of Eastern Spotted Skunks in otherwise suitable habitat (Crooks 
1994, Lesmeister et al. 2008). Dens provide locations to rest, shelter from the ele-
ments, and raise young (Crabb 1948). Crabb (1948) also indicated that dens were 
associated with physical characteristics that excluded light within the den, provided 
shelter from inclement weather conditions, and enhanced predator avoidance. East-
ern Spotted Skunks do not appear to use a primary den, but instead rely on multiple 
dens throughout their home range (Doty and Dowler 2006). The Eastern Spotted 
Skunk has been recorded denning in a variety of structures including earthen bur-
rows, cavities associated with rocks, hollow logs, root systems, tree cavities, and 
uprooted trees (Eng and Jachowski 2019, Lesmeister et al. 2008, Sprayberry and 
Edelman 2018). Proximity to cover has been shown to influence den selection (Les-
meister et al. 2008, Manaro 1961). 
 Eastern Spotted Skunks are thought to prefer habitat associated with high levels 
of forest complexity (e.g., dense shrub cover and abundance of rocky outcroppings), 
and select dens near cover to avoid predation (Lesmeister et al. 2010). Eastern Spot-
ted Skunks are primarily preyed upon by Bubo virginianus (J.F. Gmelin) (Great 
Horned Owl; Errington et al. 1940, Lesmeister et al. 2010) but are also known to be 
subject to predation by Strix varia Barton (Barred Owl), Lynx rufus (Schreber) (Bob-
cat), Canis latrans Say (Coyote), domestic pets, and humans (Crabb 1948, Hassler et 
al. 2021 [this issue], Kinlaw 1995, Schwartz and Schwartz 2001). The presence of a 
dense understory and complex structures at ground level may impede the pursuit of 
predators (Michel and Adams 2009). Eastern Spotted Skunks in the Ouachita Moun-
tains of Arkansas were reported to have a reduced risk of predation, especially by 
raptors, in habitats with a dense understory (Lesmeister et al. 2009, 2010). 
 In West Virginia, the Eastern Spotted Skunk is both a game species that is legally 
trapped and also listed as a Priority 1 Species of Greatest Conservation Need (WV 
DNR 2015). Current understanding of its occurrence across the state is primarily 
derived from fur-trapping records, detections by camera traps during surveys for 
Aquila chrysaetos (L.) (Golden Eagle; WV DNR 2012), and sightings reported by 
the public. No detailed information about the natural history of this species exists in 
West Virginia. To better understand the denning ecology of Eastern Spotted Skunks 
and inform habitat management for this species, we compared den structures and 
surrounding habitat characteristics at identified den sites to nearby, presumed-
unoccupied paired sites. We predicted den sites would have greater overstory and 
midstory canopy cover, greater density of understory vegetation, more medium to 
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large rock cover, and more CWD than paired sites, conditions that would contribute 
to predator avoidance.

Field-site description

 Our study took place in the North Fork Mountain (NFM) region of Pendleton 
County, WV, in the Ridge and Valley physiographic region of the central Appala-
chian Mountains (38°49'13.80"N, 79°16' 6.48"W; Fig 1). The region has a mean 
annual high temperature of 18.6 °C, mean low temperature of 5.3 °C, and mean 
annual temperature of 11.9 °C, with a total annual precipitation and total snowfall 
for the region of 127.1 cm and 94.0 cm, respectively (National Weather Service 
Forecast Office 2020). 
 The NFM region is within the 40,428-ha Spruce Knob–Seneca Rocks National 
Recreation Area (SK–SR NRA) of the Monongahela National Forest (MNF), which 
includes 17,270 ha of private inholdings (Fig. 1). Mountains in the study area are 
oriented northeast–southwest, with elevations varying from approximately 350 m 
to 860 m above sea level. Mountain slopes are steep (i.e., commonly 20–30°, but 
up to ~60°) and have exposed sandstone and limestone rocky outcroppings in 
bands along upper slopes (most commonly on northwestern slopes) and on ridge 
tops (Hack 1965, Sites 1973). Medium-sized boulders are often scattered down 
slope from groups of large, rocky outcroppings (Hack 1965). There are numerous 
ephemeral streams associated with mountain drainages and narrow valleys, which 
eventually flow into the South Branch of the Potomac River.
 The SK–SR NRA is 83% deciduous (primarily mixed-Quercus spp. [oak] and 
mixed Appalachian cove hardwoods) and 12% either Pinus spp. [pine]–oak or 
coniferous (primarily pine species)-dominated forest (USFS 2006). The remaining 
5% is open area. Pine–oak and coniferous-dominated forests are most common 
on upper slopes and ridgetops (Clarkson 1966, Stihler 2011). Forest age is similar 
across the various forest communities in the SK–SR NRA. Approximately 9% of 
forested area is early or early–mid-successional (0–39 years old), 84% is mid- or 
mid-late successional (40–120 years old), and 7% is late successional (>120 years 
old) forest (USFS 2006). Ericaceous shrubs such as Mountain Laurel, Vaccinium 
spp. (Blueberry), and Gaylussacia spp. (Huckleberry) are common understory 
species that may provide year-round coverage from predators (Clarkson 1966). 
Commercial timber harvest is not permitted on the SK–SR NRA, but selective, 
uneven-age timber cutting sometimes occurs on private land (C. Waggy, WV DNR, 
Upper Tract, WV, pers. comm.). Private land where we monitored Eastern Spotted 
Skunks are primarily forested with forest composition and structure similar to the 
adjacent public land.

Methods

Live trapping
 We opportunistically live-trapped and radio-collared Eastern Spotted Skunks in 
late winter to early spring from March 2017 to March 2020. We used remote cameras 
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in areas where Eastern Spotted Skunks had been detected previously to guide trap-
ping efforts. We baited cameras stations with road-killed Odocoileus virginianus 
(Zimmermann) (White-tailed Deer; 2017–2018) or raw Gallus gallus domesticus 

Figure 1. Den sites of Eastern Spotted Skunks on the Spruce Knob–Seneca Rocks National 
Recreation Area (SK–SR NRA) of the Monongahela National Forest (MNF) and private 
land in Pendleton County, WV. Den sites were located by homing between January 2018 
and October 2019. Parenthetical values following Eastern Spotted Skunk ID represent the 
number of dens located by homing and assessed for each individual.
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(L.) (Chicken) in a suet feeder (2019) fastened to the base of a tree. Each station 
had either a Browning Strikeforce Extreme trail camera (Browning, Morgan, UT) 
or a Bushnell Trophy Cam HD Aggressor trail camera (Bushnell, Overland Park, 
KS) placed ~1.5–3 m from the bait. We set cameras to capture 3-image bursts with 
a 30-sec delay. After an Eastern Spotted Skunk was detected on camera(s), we set 
2–5 Tomahawk #103 live-traps (Tomahawk Live-Trap Co., Tomahawk, WI) <5 m 
from the camera station the following evening (Hackett et al. 2007, Lesmeister et 
al. 2009). We placed traps on flat ground among natural features like logs, rocks, or 
brush. We wrapped traps in duct tape to reduce exposure of trapped animals to wind 
or precipitation. We baited each trap by placing a cotton swab dipped in vanilla and 
anise extracts and a marshmallow coated in peanut butter and grape jelly in the rear 
of the trap (Diggins et al. 2015). Traps were set in the evening and checked shortly 
after sunrise. 
 We used a transition box (Hassler 2020) to transfer live-trapped Eastern Spot-
ted Skunks into a denim handling cone (Edelman and Koprowski 2006, Koprowski 
2002). Each individual was sexed, weighed, and fitted with a very high frequency 
(VHF) radio collar (Model M1740 [16 g]; Advanced Telemetry Systems, Inc., 
Isanti, MN). We took radio-telemetry locations ≥24 hrs apart (mean = 11.9 days 
± 1.5 SE) for the period we montiored each Eastern Spotted Skunk (Table 1). We 
live-trapped Eastern Spotted Skunks and replaced radio-collars when collars were 
approaching or past the expected battery life (202–362 days) and fluctuations in 
signal tone suggested battery power was nearly depleted. All trapping, handling, 
and radio-telemetry methods were in accordance with the guidelines of the Ameri-
can Society of Mammalogists (Sikes et al. 2016) and approved by the Frostburg 
State University Institutional Animal Care and Use Committee (Approval number 
A2018–004) and the WV DNR.
 This study was a continuation of research by the WV DNR on Eastern Spotted 
Skunk survival, movement patterns, and home ranges, which involved both point 
estimates from triangulation and homing throughout the year. We assessed habitat 
characteristics at dens located by homing between January 2018 and October 2019. 
To facilitate relocating dens for subsequent data collection, we photographed the 
den sites, marked them with surveyor tape, and recorded their geographic coordi-
nates with a GPS unit. 

Den-site classification
 We returned to each den site to measure habitat characteristics between 16 May 
and 31 October in 2018 and 2019 (i.e., the leaf-on period; National Phenology Net-
work 2020) to ensure measurements of deciduous leaf cover would be comparable 
across sites. We classified the type of each den as either an earthen burrow (any ex-
cavated cavity in soil substrate), hollow log (cavity in a decaying, fallen tree), rock 
(cavity underneath a rock or in a rocky outcrop), root system (cavity from decayed 
roots), tree cavity (cavity in the base or trunk of a tree), or uprooted tree (cavity in 
the substrate surrounding and attached to the exposed root system of a fallen tree). 
We recorded the number of den openings and measured the dimensions of each 



Southeastern Naturalist
K.N. Hassler, C.D. Waggy, R.M. Spínola, K.J. Oxenrider, R.E. Rogers, K.J. Pearce, and T.L. Serfass

2021

214

Vol. 20, Special Issue 11

opening (width x length) to calculate the mean area of an opening. If a den had >1 
identified entrance, we calculated the mean area of the den entrances and used the 
resulting value for that den. 
 After completing data collection at a den, we located a paired site by searching 
along a random azimuth (50–300 m) for an opening representing any potential den 
(i.e., den and paired sites could have been different types of structures) that we 
assumed to be unused and suitable for denning (Lesmeister et al. 2008). A paired 
site was considered suitable if there was an opening presumed large enough for an 
Eastern Spotted Skunk and met the 3 criteria described by Crabb (1948). If a suit-
able paired site was not located along the first random azimuth, we repeated the 
search process along a different random azimuth. 
 At each den site and paired site, we measured and recorded habitat character-
istics within a 0.04-ha (11.4-m radius) circular plot centered on the den or paired 
site (Sprayberry and Edelman 2018, Urban and Swihart 2011). We measured the 
midpoint diameter and length of all CWD (i.e., downed logs with a midpoint diam-
eter ≥10 cm). We measured the diameter at breast height (DBH) and identified all 
standing trees and snags within the plot (Petrides 1998). We categorized trees as 
overstory (>10 cm), midstory (≥5 cm and ≤10 cm), or sapling (<5cm). All saplings 
and woody stems <5-cm DBH and ≥0.5-m tall were counted and categorized into 
woody stems (deciduous stems not including blueberry, and huckleberry stems), 
coniferous stems, Mountain Laurel stems, and blueberry and huckleberry stems. 
We divided the plot into 4 quadrants; visually estimated (to the nearest 5%) percent 
canopy cover, percent medium to large rock cover (≥15 cm vertical relief), and 
percent stem and sapling (≥0.5 m-tall) cover in each quadrant; and then averaged 
percent cover from each quadrant for the plot.
 We used measurements collected at each den site and paired site to calculate 
the following variables: canopy cover (%), medium to large rock cover (%), vol-
ume CWD (m3/ha), snag basal area (m2/ha), midstory coniferous (%), midstory 
density (number/ha), overstory coniferous (%), overstory tree density (number/
ha), mean deciduous DBH (cm), mean coniferous DBH (cm), deciduous woody 
stem density (number/ha), coniferous stem density (number/ha), Mountain Laurel 
stem density (number/ha), and blueberry and huckleberry stem density (see Table 
2 for descriptions of each variable). We selected these variables based on findings 
in previous studies (Eng and Jachowski 2019, Lesmeister et al. 2008, Sprayberry 
and Edelman 2016). 

Statistical analyses
 We measured habitat characteristics at 83 den sites (mean = 10.4 [± 3.6 SE] 
dens per individual skunk; Fig. 1). Because of low sample size (28 dens for males 
and 55 dens for females), we did not compare habitat characteristics at den sites by 
sex. We used a chi-square test of independence to determine if den classifications 
occurred at similar frequencies. We summarized den-structure characteristics using 
descriptive statistics. We characterized habitat at den and paired sites by calculating 
the mean and standard error of each habitat variable using descriptive statistics and 
portrayed the results tabularly. 
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 We used binary logistic regression to determine habitat characteristics predic-
tive of den sites. All analyses were carried out in R version 3.6.1 (R Core Team 
2019) and RStudio version 1.2.5033 (RStudio Team 2019). We reduced our initial 
variable set using the ‘Boruta’ package (Kursa and Rudnicki 2010). We retained 
variables determined to be “confirmed” or “tentatively” important. Following 
guidelines from Burnham and Anderson (2002), we fit all possible models us-
ing the reduced variable set. For model selection, we ranked models based on 
Akaike’s information criterion corrected for small sample size (AICc) and retained 
models with a ΔAICc <2 from the top ranked model (Burnham and Anderson 
2002). We calculated pseudo-R2 values for each of the top models (McFadden 
1974). McFadden (1979) described a pseudo-R2 value of 0.2–0.4 as indicative of 
excellent model fit. We then averaged covariate estimates using the zero method 
and determined unconditional standard errors for the averaged model (Burnham 
and Anderson 2002). We used the package ‘MuMIn’ for model selection and mod-
el averaging (Barton 2020). 

Results

Live trapping
 We live-trapped and radio-collared 8 Eastern Spotted Skunks (5M:3F; Table 1). 
Average weight was 606 g (± 38 SE) for males and 499 g (± 34 SE) for females.

Den-site characteristics
 Most of the 83 den sites were classified as rock burrows (n = 44, 53.0%), with 
earthen burrows (n = 11, 13.2%), uprooted trees (n = 9, 10.8%), hollow logs(n = 7, 
8.4%), tree cavities (n = 7, 8.4%), and root systems (n = 5, 6.0%) all used less fre-
quently (χ2 = 25.704, P < 0.001). Dens averaged 1.4 entrances (± 0.1 SE, min–max 

Table 1. Summary of radio-telemetry monitoring of 8 Eastern Spotted Skunks in the North Fork 
Mountain Region of West Virginia conducted between January 2018 and March 2020. Dens located 
by homing before the end of October 2019 were used in habitat assessments. Habitat assessments for 
dens and associated paired sites were conducted during leaf-on periods (i.e., May–October of 2018 
and 2019). 

     Dens located by
   No. of  by homing (#
  No. of times relocations Mean ± SE days  used in habitat
ID Period monitored radio-collared  (No. of sitesA) between relocations  assessment)

M04 Jan 2018–Mar 2020 3 37 (30) 15.3 ± 2.9   9 (7)
F02 Jan 2018–Mar 2020 5 79 (37) 9.2 ± 0.6 25 (25)
M06 Mar 2018–Mar 2018 1   1 (1) NA   1 (1)
M07 Mar 2018–Mar 2020 2 25 (10) 18.3 ± 2.5 12 (11)
M08 Mar 2018–Mar 2020 2 33 (19) 12.5 ± 1.8   7 (6)
F03 Mar 2018–Mar 2020 3 57 (32) 11.5 ± 1.2 34 (27)
M09 Jan 2019–Mar 2020 1 23 (11) 10.1 ± 1.9   5 (3)
F04 May 2019–Jun 2019 1   6 (3) 6.7 ± 2.0   3 (3)
AEastern Spotted Skunks were sometimes detected at the same site on multiple occasions. 
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= 1–5), with a mean opening width of 13.8 cm (± 0.5 SE), height of 13.2 cm (± 0.6 
SE), and area of 189.2 cm2 (± 0.5 SE). 
 The aspect of a den site was most often northwest (n = 60; 72.3%), followed by 
northeast (10; 12.0%), southeast (7; 8.4%), and southwest (6; 7.2%). Mean slope at 
den sites was 20.3° (± 1.0 SE). The average den site occurred in oak-dominated for-
est stands with 71% canopy cover with a dense midstory and understory (Table 2). 
Mountain Laurel, blueberry and huckleberry, and woody stems were present at 

Table 2. Mean and SE of habitat characteristics calculated from measurements taken at den sites of 
Eastern Spotted Skunks (n = 83) and nearby paired sites (n = 83). These measurements were used to 
develop a binary logistic regression model predictive of den-site selection by Eastern Spotted Skunks 
in the central Appalachian Mountains of WV between January 2018 and October 2019. 

 Den Site Paired site

Habitat measurementA Description Mean SE Mean SE

Canopy cover Percent canopy cover of 71.47 2.17 75.37 2.37
 overstory trees (≥10 cm DBH)

Overstory tree density Number of overstory trees (≥10 634.64 22.49 624.10 26.80
 cm DBH) per ha

Overstory coniferous Percent of overstory composed 20.03 2.53 13.83 2.09
 of coniferous tree species

Midstory density Number of midstory trees 442.80 29.78 434.60 29.62
 (5 cm–9.9 cm DBH) per ha

Midstory coniferous Percent of midstory composed of 12.34 2.03 10.09 2.11
 coniferous tree species

Mean deciduous DBH Mean DBH of deciduous trees 16.14 0.60 17.32 0.52
  (deciduous DBH) ≥5 cm DBH

Mean coniferous DBH Mean DBH of coniferous trees 13.36 1.18 11.73 1.31
 ≥5 cm DBH

Snag basal area (snag) Basal area (m2) of dead trees 5.41 0.92 4.20 0.54
 (≥5 cm DBH) per ha

Blueberry and huckleberry  Number of stems and saplings 5994.00 1418.31 2228.00 742.16
  stem density (blueberry  (<5cm DBH and ≥0.5 m tall) per ha
   and huckleberry) 

Mountain Laurel stem Number of stems and saplings  2694.00 316.50 1662.00 260.23
   density (Mtn Laurel) (<5 cm DBH and ≥0.5 m tall) per ha

Coniferous stem density Number of stems and saplings 159.30 46.82 84.04 23.44
  (<5 cm DBH and ≥0.5 m tall) per ha

Deciduous woody stem  Number of stems and saplings  875.00 106.59 561.70 70.81
   density (woody stems) (<5 cm DBH and ≥0.5 m tall) per ha 

Medium to large rock Percent of ground covered by  18.85 2.40 5.70 1.26
   cover (rocks) rocks ≥15 cm vertical relief 

Volume of coarse woody Volume (m3) of coarse woody 32.98 4.21 26.08 2.60
   debris (CWD) debris per ha
AAbbreviations for variables retained in the binary logistic regression model are in parentheses. 
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78%, 49%, and 96% of dens, respectively. The mean number of stems per ha at den 
sites for Mountain Laurel, Blueberry and Huckleberry, and woody stems was 2694 
stems (± 316.50 SE), 5994 stems (± 1418.31 SE), and 875 stems (± 106.59 SE), re-
spectively. Medium to large rocks were present at 75% of den sites and, on average, 
covered 18.85% (± 3.30 SE)  of the plot. When compared to paired sites, Mountain 
Laurel stem density, blueberry and huckleberry stem density, woody stem density, 
and cover from medium to large rocks were greater at den sites versus paired sites 
(1.6, 2.7, 1.5, and 3.3 times more on average, respectively). 

Habitat model
 Results from the ‘Boruta’ variable reduction determined Mountain Laurel stem 
density, blueberry and huckleberry stem density, mean deciduous DBH, woody 
stem density, medium to large rocks, and volume of CWD were “confirmed” impor-
tant and snag basal area was “tentatively” important. Using these 7 predictors for 
model-building, we identified 5 models with a ΔAICc <2 from the lowest AICc value 
(Table 3). Top models sufficiently fit the data set (pseudo-R2 = 0.19–0.23). All 7 pre-
dictors occurred in at least 1 of the top 5 models, but not within a single model. 
 Among the 7 predictors in the top 5 models, only Mountain Laurel stem den-
sity, blueberry and huckleberry stem density, medium to large rocks, and volume of 
CWD had 95% CIs not overlapping zero when covariate estimates were averaged 
(Table 4). The remaining 3 variables (snags, deciduous DBH, and woody stems) did 
not have high levels of precision, as indicated by confidence intervals overlapping 
zero (Table 4) and were not the focus of further interpretation. Among the predictors 
with higher levels of precision, for every 1-unit increase of Mountain Laurel stem 
density, blueberry and huckleberry stem density, medium to large rocks, and volume 
of CWD, the odds of a den site being used by an Eastern Spotted Skunk increased by 
1.000192, 1.000050, 1.067344, and 1.020669 times, respectively (Table 4, Fig. 2). 

Table 3. Ranking of binary logistic regression models with Akaike’s information criterion (correct-
ed for small sample sizes; AICc) ≤2 from the lowest AICc value for den-site selection by Eastern 
Spotted Skunks in the central Appalachian Mountains of West Virginia between January 2018 and 
October 2019. See Table 2 for descriptions of predictor variables. K = number of model variables; 
wi = Akaike weight.

Model K AICc ΔAICc wi R2

Rocks + blueberry and huckleberry + CWD + snag  5 190.49 0.00 0.154 0.22
   + deciduous DBH

Rocks + blueberry and huckleberry + CWD + snag  6 191.25 0.76 0.106 0.23
   + deciduous DBH + Mtn Laurel

Rocks + blueberry and huckleberry + CWD + snag  6 191.51 1.02 0.093 0.22
   + deciduous DBH + woody stems

Rocks + blueberry and huckleberry + snag  4 191.77 1.28 0.081 0.19
   + deciduous DBH

Rocks + blueberry and huckleberry + snag +  5 192.11 1.61 0.069 0.19
   deciduous DBH + Mtn Laurel
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Figure 2. Probability plots of covariates (and 95% confidence intervals [CI] in gray) predict-
ing Eastern Spotted Skunk den sites generated from the averaged binary logistic regression 
model of Eastern Spotted Skunk den-site selection, where 1 represents a 100% probabil-
ity of a den site being used. Habitat data was collected from den sites of Eastern Spotted 
Skunks and nearby paired sites in the central Appalachian Mountains of West Virginia 
between January 2018 and October 2019.

Table 4. Parameter estimates from an averaged logistic regression model with Akaike’s information 
criterion corrected for small sample sizes (AICc) ≤2 from the lowest AICc for den-site selection by 
Eastern Spotted Skunks in the central Appalachian Mountains of WV between January 2018 and Oc-
tober 2019. The averaged estimate, unconditional standard error (SE), odds ratio (OR), and associated 
95% confidence intervals (CI) are presented. See Table 2 for descriptions of predictors.

Covariate Estimate SE Estimate 95% CI OR OR 95% CI

Mtn Laurel 0.000192 0.000090 0.000014, 0.000370 1.000192 1.000016, 1.000369

Blueberry and 0.000050 0.000025 0.000001, 0.000099 1.000050 1.000001, 1.000098
  huckleberry     

Rocks 0.065170 0.013510 0.038486, 0.091860 1.067344 1.039443, 1.095993

CWD 0.020460 0.006747 0.007135, 0.033778 1.020667 1.007258, 1.034254

Snag 0.038670 0.036840 -0.033839, 0.111171 1.056667 0.992305, 1.125204

Deciduous DBH -0.019360 0.037710 -0.093555, 0.054840 0.945772 0.865145, 1.033913

Woody stems 0.000045 0.000136 -0.000223, 0.000313 1.000242 0.999791, 1.000693
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Discussion

 Our study adds to the growing body of literature that Eastern Spotted Skunks se-
lect den sites with increased structural complexity and cover (Cornelison 2018, Eng 
and Jachowski 2019, Lesmeister et al. 2008, Sprayberry and Edelman 2018). This 
study is the first to investigate den-site selection by Eastern Spotted Skunks in West 
Virginia, which may now represent the northeastern-most extent of a population 
that historically extended into portions of southern Pennsylvania (Pearce et al. 2021 
[this issue], Pennsylvania Game Commission 2012). Notable to our study area, 
Eastern Spotted Skunks primarily denned in rock burrows (53%). In contrast, other 
studies in the southern Appalachian Mountains recorded Eastern Spotted Skunks 
primarily denning in earthen burrows or tree-dependent structures (e.g., root bur-
rows, tree cavities, or hollow logs) and only sometimes using rock burrows (2 of 
233 dens [<1%] in northwestern South Carolina [Eng and Jachowski 2019] and 17 
of 97 dens [17.5%] in northeastern Alabama [Sprayberry and Edelman 2018]).
 Eastern Spotted Skunks in our study primarily denned on northwestern slopes 
(73%), which may be attributable to the northeast–southwest orientation of the 
mountain range and greater availability of rocky outcroppings (Hack 1965, Sites 
1973). Northwestern slopes in our study area had greater medium to large rock 
cover than the surroundings areas (Hack 1965), conditions beneficial to predator 
avoidance. We rarely detected Eastern Spotted Skunks on the southeastern side 
of mountain ridges, where rocky outcroppings were uncommon. These observa-
tions are in contrast with studies in the southern Appalachian Mountains, where 
dens of Eastern Spotted Skunks were most commonly located on eastern and 
southeastern slopes (Eng and Jachowski 2019, Sprayberry and Edelman 2018). 
These differences may be associated with variance in habitat conditions across 
the Appalachian physiographic provinces (e.g., Ridge and Valley, Blue Ridge 
Mountains, and the Piedmont) and latitude. For example, a study area in north-
western South Carolina was largely absent of large rocky outcroppings (Eng and 
Jachowski 2019). However, rock dens were used considerably less frequently 
by Eastern Spotted Skunks in northeastern Alabama than in our study, although 
rocky outcroppings were reportedly common along ridge tops in that study area 
(Sprayberry and Edelman 2018). 
 We designed our study to be comparable to other studies on den-site selection 
by Eastern Spotted Skunks (Lesmeister et al. 2008, Sprayberry and Edelman 2018). 
However, during analysis we developed concerns about spatial autocorrelation be-
tween den and paired sites due to their proximity. Hence, future studies may benefit 
from implementing additional levels of hierarchical selection that would better 
detect influences of larger-scale habitat conditions on den-site selection (Johnson 
1980). For example, a randomized approach for selecting paired sites within the 
home range may be more effective at capturing average conditions within an area 
in comparison to those at den sites and would thus better serve for assessing certain 
variables (e.g., those prone to spatial autocorrelation because of their distribution in 
the landscape) in den-site selection. Nonetheless, most of the variables we assessed 
were useful in delineating important features associated with den-site selection.
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 Previous studies have reported that Eastern Spotted Skunks in the Appalachian 
Mountains selected den sites with greater midstory and understory density, habitat 
conditions conducive for predator avoidance (Eng and Jachowski 2019, Lesmeis-
ter et al. 2008, Sprayberry and Edelman 2018). We observed similar trends, with 
Eastern Spotted Skunks selecting den sites with a dense understory composed of 
Mountain Laurel and blueberry and huckleberry stems, as well as complex ground-
level structure in the form of medium to large rocks and CWD.
 In our study area, most forest stands were in mid- or mid-late successional 
stages but retained a dense understory (USFS 2006). Dense understories may have 
been related to canopy gaps created by windthrown trees, which were common in 
our study area and allowed for greater penetration of sunlight to the forest floor. 
Furthermore, windthrown trees contribute to the ground-level structural complex-
ity of a forest. In the later stages of forest succession and where timber harvest is 
minimal, there is regular turnover of CWD from windthrown trees, providing reli-
able ground-level structural complexity, denning opportunities, and food resources 
(Farnell et al. 2020). Eastern Spotted Skunk den sites have previously been reported 
to be associated with CWD (Eng and Jachowski 2019), which provides habitat for 
prey such as arthropods, amphibians, and fungi (Crabb 1948, Sprayberry and Edel-
man 2018, Thorne and Waggy 2017). Management efforts to create canopy gaps in 
older forest stands may increase understory density, particularly of Mountain Lau-
rel, blueberry, and huckleberry stems, while simultaneously increasing the volume 
of CWD.
 In our study, medium to large rock cover had the greatest influence on Eastern 
Spotted Skunk den-site selection. Medium to large rocks provide ample denning 
opportunities as well as structural complexity that can provide cover from preda-
tors throughout the year. To minimize impacts on denning and movement patterns 
of Eastern Spotted Skunks, disturbances that could alter rock formations and the 
surrounding landscape on ridge tops and upper slopes should be minimized. For 
example, construction and operations associated with mountaintop mining (i.e., 
removal of large areas of mountaintops, including ridge tops and upper slopes, to 
extract coal seams; Wickham et al. 2013) and wind-energy facilities (i.e., removal 
and grading of ridge tops and upper slopes for construction of access roads and 
wind turbines; Arnett et al. 2007) could result in a loss or alteration of rocky out-
croppings on ridge tops and upper slopes and negatively impact Eastern Spotted 
Skunks. Where these operations occur and disturbance of rocky outcroppings is 
unavoidable, mitigation efforts could be implemented. Neotoma magister Baird 
(Allegheny Woodrat), which occupy habitats and den structures similar to those 
used by Eastern Spotted Skunks, have benefited from the addition of boulder talus 
to drainages where rock formations on ridge tops have been destroyed (Chamblin 
et al. 2004).
 Each of the predictors in our study have the potential to provide Eastern Spotted 
Skunks year-round cover from predators. The availability of year-round cover may 
be particularly important for Eastern Spotted Skunks in the central Appalachian 
Mountains, as the leaf-on and leaf-off periods are nearly equal in length (National 
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Phenology Network 2020). However, our sample sizes were limited during the 
leaf-off period because snow and ice often diminished our ability to locate dens, 
which prevented a meaningful comparison to leaf-on periods. We recommend fu-
ture studies of habitat associations of Eastern Spotted Skunks examine differences 
between habitat characteristics of dens used during both the leaf-on and leaf-off 
periods. This information could be especially important on the northern fringes of 
the Eastern Spotted Skunks’ range where more pronounced climatic differences 
and extended leaf-off periods may contribute to differing habitat requirements for 
thermal regulation, food acquisition, and predator avoidance. 
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