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ABSTRACT Snowshoe hare (Lepus americanus) winter track surveys were conducted on the in 
Monroe County, Pennsylvania during winters from 2013-2016. Transects for snowshoe hare tracks 
were used to determine snowshoe hare relative abundance in response to habitat treatments. 
Similar to the findings of Gigliotti (2016), snowshoe hares were found to avoid areas that were 
managed using mowing and prescribed fire from 2009-2015. I recommend continuing transects 
for snowshoe hare tracks to determine when hares move back into treated areas.  

 
  OBJECTIVES 
 

1. Determine relative abundance of snowshoe hares. 
2. Determine cover types, stand age, and management history where snowshoes are most 

abundant. 
 

INTRODUCTION 
The snowshoe hare was listed as a species of maintenance concern on Pennsylvania’s 2005 

State Wildlife Action Plan due to sensitivity to habitat alteration, apparent decline, and potential 
importance of Pennsylvania’s population for gene flow between states to the north and south. 
Currently, the distribution is thought to be limited to mountainous sections of the northern half of 
Pennsylvania (Merritt 1987) and small, isolated populations in higher elevations of southern parts 
of the state (Boyd 2015) in areas where suitable habitats exist (Diefenbach et al. 2005).  

 
Considering the vast range of snowshoe hares throughout North America, vegetative 

composition of habitat used by hares in different regions can vary greatly. However, hares rely on 
a few basic habitat characteristics regardless of location. They are typically found in areas with 
dense vegetation that provides food, thermal cover, and protection from predators especially 
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during winter (Barta et al. 1989, Belovsky 1984, Berg et al. 2012, Boonstra et al. 1998, Rohner 
and Krebs 1996, Sievert and Keith 1985, Wirsing et al. 2002a). Vegetative structure is more 
influential in hare habitat use than vegetative composition (Carreker 1985) and thermal advantage 
(Gigliotti 2016). The primary threat influencing the existence of snowshoe hares in Pennsylvania 
likely is loss of suitable habitat and a corresponding lack of suitable habitat connectivity. Early 
successional habitat is ephemeral by nature and has been decreasing for decades in Pennsylvania 
(Alerich 1993). The decrease of suitable habitat has led to an increase in fragmentation which has 
dramatic negative implications for Pennsylvania’s snowshoe hare populations.  

 
The length of time that it takes hare populations to become re-established in forests after 

disturbance is associated with the regenerative capacity of the landscape which is influenced by 
topographic relief, moisture, and mineral and organic content of the soil (Baumgartner et al. 1984, 
Koch 1996). Within a harvested stand, conditions for hares often follow a general pattern: 1) 
initially cover is low and hares are absent; 2) after a few years (around 5 years in Pennsylvania) 
woody shrubs and small trees regenerate and hares begin to reoccupy stands; 3) hare density peaks 
when trees are large enough to provide cover and food even during deep snowy winters; and 4) 
forests mature and hare populations decline as the understory decreases (Abele 2004, de 
Bellefeuille et al. 2001, Brocke 1975, Conroy et al. 1979, Darveau et al. 1998, Ferron et al. 1994, 
Ferron et al. 1998, Forsey and Baggs 2001, Gashwiler 1970, Griffin 2004, Litvaitis et al. 1985, 
Monthey 1986, Newbury and Simon 2005, Potvin et al. 1999, Potvin et al. 2005a, Scott and Yahner 
1989, Sullivan and Moses 1986, Telfer 1974, Wolfe et al. 1982).  

 
A recent study in Monroe County, Pennsylvania (Gigliotti 2016) found that snowshoe hares 

selected for areas of conifers and areas of decadent scrub oak near the edge of stands. Previous 
research has not found scrub oak to be an important determinant of snowshoe hare habitat use, but 
this habitat type is not found throughout the majority of snowshoe hare range, nor is it widespread 
throughout the Commonwealth. Regardless of species, dense shrubs offer visual protection from 
predators and a source of forage. The importance of a dense understory is highlighted by the fact 
that the only significant predictor of winter habitat use in a fine-scale analysis was understory 
cover, with hares avoiding areas with < 20% visual obstruction (Gigliotti 2016).  

 
Regardless of season, Gigliotti (2016) found that hares did not select for open areas, 

including areas that underwent prescribed burns in the past 1 – 6 years, likely because these areas 
did not offer beneficial resources to hares. Open areas lacked any sort of visual obstruction from 
predators and did not have high amounts of forage. Similarly, hares selected against hardwood 
stands in the winter. During winter hardwood trees do not have foliage which limits the canopy 
cover and increases avian predation risk. The understory of the hardwood stands were variable but 
usually only contained smaller ericaceous plants such as blueberry (Vaccinium spp.) and sheep 
laurel (Kalmia angustifolia) which do not provide high abundances of winter forage. In contrast, 
once trees and understory plants leaf out in spring and summer hardwood stands offer greater 
canopy cover as well as green forage, likely leading to increased use in summer.  

 
Winter track counts have been used to index snowshoe hare habitat use and relative 

abundance, particularly in the southern range, where densities are low and habitat requirements 
are poorly understood (Hartman 1960, Litvaitis et al. 1985, Byrne 1998, Murray 2003). However, 
winter track counts are restricted to periods of snow cover and may suffer from the effects of 
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weather or other factors influencing track observability (Godbout 1999). Winter track counts are 
also limited to relaying information about winter habitat use by snowshoe hares.  

 
This study was designed to detect response of snowshoe hares to habitat management 

treatments including mowing, burning and various silvicultural practices. Knowing how snowshoe 
hare populations are affected by habitat management practices will improve approaches to habitat 
management for snowshoe hares.  

 
METHODS 
 

Global Information System (GIS) software was used to randomly create 30 points from 
which 25 were selected for transect placement. 15 of these transects occurred in areas where habitat 
treatments of mowing and burning to create scrub oak had been completed and were designated as 
“optimal” transects and 10 were placed in areas where no habitat management had been completed 
recently (i.e., mature larch, spruce, and decadent scrub oak) and were designated as “poor” 
transects. “Poor” and “optimal” designations were used because areas that received habitat 
treatments will theoretically be better suited for hares once they’ve regenerated than areas that 
received no treatment. Of the untreated transects, 5 occurred within decadent scrub oak stands and 
5 occurred in mature hardwood stands. 

 
Line transects were one meter wide, followed a 45 degree azimuth, had a minimum length 

of 100 meters, and were a minimum of 160 meters from neighboring transects. Track surveys were 
conducted along established transects following fresh snows. When possible, surveys occurred 
within 24 hours of snows and all transects were surveyed the same day. Annual sampling consisted 
of 2 sample periods in which all transects were surveyed. The number of sample units per transect 
was determined by multiplying the length of each transect by the number of surveys conducted 
each year and dividing by 100. A measure of relative abundance was derived by counting the 
number of tracks per sample unit (100m2) crossing each transect. Snowshoe hare tracks were 
counted when they crossed the one meter wide transect perpendicularly. When tracks paralleled 
but did not cross the transect; only one set of tracks per 160 m was counted. Dolbeer and Clark 
(1975) found that the approximate diameter of one snowshoe hare’s home range, if it was circular 
shaped, would be approximately 160 m. For all analyses, the numbers of crossing and parallel 
tracks were combined to give the total tracks per sample unit. Coordinates of hare track encounters 
were recorded by Global Positioning System (GPS). 

 
Study Area 

 
The study area was in Monroe County, Pennsylvania (Figure 1). The majority of the study 

area was dominated by xeric oak stands, however, historical changes in fire regimes also resulted 
in areas of a mosaic of mesic till barrens dominated by decadent scrub oak (Quercus ilicifolia) >2 
m tall and pitch pine (Pinus rigida). Dominant understory species included blueberry (Vaccinium 
spp.), rhodora (Rhododendron canadense), teaberry (Gaultheria procumbens), and sheep laurel 
(Kalmia angustifolia). Planted stands of mature Norway spruce (Picea abies), red pine (Pinus 
resinosa) and European larch (Larix decidua) made up a small portion of the study area (Figure 1; 
Gigliotti 2016).  
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 Portions of the study area have been involved in a prescribed burn program which began 
in 2009. The majority of the burning occurred in the summers of 2012, 2013, and 2014 with burn 
acreage consisting of 190 ha, 241 ha and 162 ha, respectively. The resulting burned patches were 
dominated by low scrub oak <1 m tall, blueberry, and bracken fern (Pteridium aquilinum) and 
contained very few trees >5 m tall (Gigliotti 2016).       
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Figure 1: Map of dominant habitat types within the snowshoe hare study area, Monroe County, Pennsylvania (Gigliotti 2016). 
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RESULTS 
 
Transects were conducted twice per winter season from 2013-2016. A total of 5,000m2 was 

sampled per year resulting in 20,000m2 sampled to date. Every attempt was made to conduct 
transects as soon as possible after a snow event, but always within 48 hours. Snow conditions 
consisted of fluffy fresh, packable, or crusty and were 0-12+ inches in depth. The number of 
snowshoe hare tracks crossing transects was combined to give the total tracks per sample unit by 
transect.  

 
The highest relative abundance has occurred on poor transects (average RA = 

0.25tracks/m), in areas that did not receive habitat management treatments in all years except 2013 
(Figure 2). The highest relative abundance (RA = 0.475tracks/m) occurred in 2016 on poor 
transects.  The lowest relative abundance (RA = 0.0167 tracks/m) occurred in 2014 on optimal 
transects. The average relative abundance for optimal transects over the four years was (RA = 0.1 
tracks/m).  

 
Of the 3 cover types where transects exist, relative abundance of snowshoe hares was 

highest overall in decadent scrub oak stands (RA=0.425), followed by burn units (RA=0.125), 
while mature hardwoo d stands had the lowest RA (RA=0.075; Figure 3). 
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Figure 2: Relative abundance of snowshoe hares in managed (optimal) and unmanaged (poor) 
stands in Monroe County, Pennsylvania. 
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Figure 3: Average relative abundance of snowshoe hares in each cover type by year in Monroe County, Pennsylvania. 
 
DISCUSSION 

 
The finding that hares do not prefer open habitats is similar to hare habitat preferences 

found by Gigliotti (2016) as well as in other areas of the hare’s range (Pietz & Tester 1983; Lewis 
et al. 2011). Regardless of the general habitat type, open areas do not provide substantial forage 
and protection from predators, especially in the winter. Predation rates on snowshoe hares have 
been found to be higher in areas with low understory density compared to areas with dense 
understories (Sievert & Keith 1985). The burned scrub oak is still in the process of maturing and 
does not yet provide sufficient overhead cover to offer concealment from predators.  

 
Gigliotti (2016) found that in both winter and summer, snowshoe hares did not use open 

areas, including areas that have recently undergone prescribed burning. Although these large areas 
were burned to provide early-successional habitat for hares and other early-successional associated 
species, after 6 years they are still not being used by snowshoe hares due to the lack of dense 
understory vegetation. The lack of use in recently burned areas agrees with research conducted at 
northern latitudes showing that hares do not use stands immediately after fires and might not 
significantly re-occupy burned areas up to several decades post burn (Allard-Duchêne et al., 2014; 
Cheng et al., 2015). The success of any future prescribed burns need to be examined on a longer 
time scale to evaluate the effectiveness of burns in creating preferred hare habitat. 

 
In a habitat matrix including decadent scrub oak and conifers, hares are able to benefit from 

the forage and understory cover of scrub oak as well as the dense canopies of conifer stands. In 
addition, movement between habitat types might be linked to diel cycles, because hares have been 
found to select for areas with dense vegetation during the daytime when they are typically less 
active (Feierabend & Kielland, 2014).  

 
A similar transect study has been conducted during the winters of 2013-2016 in the 

northwest region of Pennsylvania. A different classification of optimal and poor transects was 
used. Stands that contained a basal area (BA) > 80 square feet were categorized in the following 
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size classes: size 1 (dominant and co-dominant trees > 18” Dbh (diameter at breast height) and > 
50% stocked), size 2 (12-18” Dbh and > 50 % stocked), size 3 (6-12” Dbh and > 50% stocked), 
and size 4 (<6” Dbh and >50% stocked). Stands that contained a BA < 80 but > 48 were 
categorized as size 5, if >18” Dbh and < 50% stocked (indicative of a shelterwood harvest). 
Hoppe (2016) established three transects in all strata except size 2 and size 1, in which he 
established four and five respectively (due to different sizes of forest stands). Optimal transects 
at this site are those that occur in timber size class 3 and smaller. Previous analysis in Warren 
County found that hares had the highest relative abundance in those timber size classes. 
Likewise, transects that occurred in areas with highly dense woody stem vegetation, classified as 
optimal at this study site, experienced higher relative abundance of snowshoe hare tracks than 
transects that had been classified as poor (Figure 4). 

 
The results of these transect studies contribute to a greater understanding of snowshoe hare 

habitat relationships throughout the extent of their range. Even though snowshoe hares occupy 
different forest types and exhibit different population dynamics based on their geographic location, 
populations usually select for areas with high vegetation cover, indicating the range-wide 
importance of this habitat factor. By concentrating on structural determinants of optimal hare 
habitats rather than general forest type or dominant species, management strategies can be 
developed over the diversity of forests types throughout the extent of the hare’s range to create 
and maintain habitat for this species in the future.    
 
RECOMMENDATIONS 
 

1. It would be beneficial to continue to monitor snowshoe hare habitat use in response to 
habitat management treatments. The habitat treatments are still regenerating. Continuing the 
transect study will allow managers to have a better understanding of how long it takes for hares to 
begin using treated areas again post treatment enabling them to create the most beneficial habitat 
management matrices for hares. Although research has been conducted on post-fire snowshoe hare 
habitat use in other areas of the country, the scrub oak-pitch pine habitat is unique to the 
northeastern United States and likely regenerates differently, leading to differences in post-fire 
habitat use. Some State Game Land plans allow for only a 5 year treatment cycle for scrub oak and 
pitch pine which these studies have found to be too short for suitable snowshoe hare habitat. These 
treatment regimens should be lengthened to at least 15 years in areas that are managing for 
snowshoe hares. 

2. Currently no transects exist in conifer cover types, the cover type which is often cited as 
most predominantly used by hares. Placement of 5 transects in this cover type would provide 
valuable insight into the relative abundance of hares in cover types across the landscape as well as 
create equal sample sizes between transects that occur in treated and untreated areas.  

3. Further studies using transects will be helpful in learning more about the spatial 
arrangement of future habitat treatments. Gigliotti (2016) found that hares preferred areas near 
stand edges and utilized several different habitat types, indicating that interspersion of small 
habitat patches are important for hares. Future research could focus on creating different treatment 
patch sizes and monitoring subsequent snowshoe hare habitat use to determine the optimal habitat 
configuration that could inform the size and placement of prescribed burns or timber harvesting.   
Gigliotti (2016) found canopy cover to be an important predictor of snowshoe hare habitat use for 
some hares in both winter and summer, even when the scrub oak has reached maturity there may 
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not be enough canopy cover for preferential use by hares due to the lack of taller trees. It would 
be beneficial to approach future prescribed burns in an experimental framework by altering the 
amount of basal area retained as reserve trees in separate burn units and assessing snowshoe hare 
habitat use in relation to canopy cover as the understory regenerates. 

4. Creation of a similarly designed transect study in McKean, Cameron, and Elk Counties 
of Pennsylvania would provide additional insight into the habitat use of snowshoe hares. This area 
has been identified and recognized as having thousands of acres of variously aged timber 
management regimes. Snowshoe hare populations in this area are thought to be expanding versus 
the possible sink population that exists in Warren County. 
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APPENDIX 
 

 
Figure 4:Relative abundance of snowshoe hares in Warren County, PA. Optimal transects occurred in timber size class 3 and 
smaller. Timber stands greater than size 3 were classified as poor. 


