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ABSTRACT 

Anthropogenic land alteration is affecting the ways that vertebrates are interacting with 
their environments. In montane forest ecosystems, Ursus americanus, the American black 
bear, is one such species that lives in a habitat that is increasingly being changed by 
human development. Black bears frequently use human settlements for food and are 
known to alter their habitat preference to be near these settlements. Previous research 
has shown that black bears use human-made trails to travel, and therefore often use the 
trees near these trails for foraging and territorial marking. It is also known that forest 
thinning can result in an increased amount of bear markings on trees. However, the effect 
that forest thinning has on bears’ usage of trails is unknown. Here, we show that in a small 
habitat surrounded by human settlement, bears do not mark trees near trails as expected, 
nor do they alter their frequency of off trail marking of trees in response to forest 
thinning. This disagrees with previous studies done in large, forested areas, that observe 
a higher frequency of marks on trees near trails and in cleared areas. This suggests that 
black bears may behave differently depending on forest density and the size of the 
reserves they inhabit; forest managers in smaller areas should consider these findings 
when carrying out future forest management in bear-inhabited areas.  
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INTRODUCTION  

Human expansion has increasingly 
reduced and fragmented the habitats of 
terrestrial vertebrates (Demarais et al. 
2017). With increasing urbanization, large 
expanses of habitat have been removed and 
altered to make way for human settlements, 
which has resulted in sharp declines in many 
vertebrate species (Bunnell et al. 1999, 
D.M.T. Dhananjani & W.A.D. Mahaulpatha 

2022). Forests are one such habitat that has 
been greatly reduced and changed to make 
way for various human activity (Cole 2004). 
Intensive forest management practices, such 
as clear cutting and creation of roads, are 
known to destroy vertebrate habitats and be 
detrimental to a wide variety of species 
(Demarais et al. 2017, Ciach et al. 2016). For 
instance, a review of Northern Goshawk 
habitat usage revealed that these predatory 
birds select habitats with structural 
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characteristics of mature to old-growth 
forests, such as large trees with high canopy 
closure to hunt in, and that clearing of these 
forests could be incredibly harmful to their 
population. (Greenwald et al. 2005). These 
results inform best management practices 
that include limiting the intense disruption 
of dense old-growth forest areas within their 
range by restricting cutting to small trees 
and prohibiting large reductions in canopy 
closure. The implications of deforestation 
and aggressive management practices are 
obvious. Less clear, however, are the effects 
of intermediate management practices, such 
as creation of trails and forest thinning, on 
large vertebrate species (Santarém et al. 
2015, D.M.T. Dhananjani & W.A.D. 
Mahaulpatha 2022, Bunnell et al. 1999).  

One vertebrate that relies on montane 
forests and is thus affected by 
anthropogenic changes to this habitat, is 
Ursus americanus, the American black bear. 
Black bears are large omnivorous mammals 
with territories that can exceed hundreds of 
square kilometers (Garshelis & Pelton 1981, 
Grenfell & Brody 1986). They reside in a 
variety of montane habitats, including 
riparian habitats and open meadows 
(Karelus et al. 2016, Bull et al. 2000, Maehr 
et al., 2003). However, forests are especially 
important for these organisms as bears use 
trees for many purposes (Bowersock et al. 
2022, Burst & Pelton 198). Bears forage on 
trees for resin, insects, and grubs that live 
underneath the bark, as well as the bark 
itself; they also climb, scratch, and leave 
territorial marks (both visual and chemical) 
on trunks (Radwan 1969). Analyses into the 
trees chosen by bears for these purposes 
have indicated that bears prefer certain 
species over others, with a general 
preference for Pinus contorta (lodgepole 
pines) and Pinus jeffreyi (Jeffrey pines) 

(Bowersock et al. 2022, Burst & Pelton 
1983). However, there is limited research 
regarding black bears’ preferences for 
Populus tremuloides (quaking aspens), a 
species that shares significant geographical 
overlap with black bears and is frequently 
marked by bears (Perala & Laidly 1989).  

Urbanization is one example of 
anthropogenic habitat alteration that has 
had pronounced effects on the behavior of 
black bears. Bears that live near human 
settlements are known to become reliant on 
human waste as a food source (Elfström et 
al. 2012). Bears have been found to prefer 
habitats near human settlements, as this 
provides an easier means of acquiring food 
than foraging. This attraction leads to a 
higher rate of human-bear conflict and 
interactions, such as damage to property, 
crops destruction, and the compromising of 
human safety by increasing the frequency of 
encounters. 

Black bears have additionally been known 
to use trails as corridors through forests and 
have been found to mark trees near these 
trails preferentially over trees farther away 
from trails (Bowersock et al. 2022). 
Therefore, the creation of forest trails alters 
the way that bears interact with their 
environment. This can result in an increase 
in bear-human interactions, as bears and 
humans tend to share the same travel routes 
(Merkle et al. 2011). Another intermediate 
management practice known to alter the 
behavior of bears is forest thinning, which is 
a common practice used for wildfire risk 
reduction (Banarjee 2020). Trees in thinned 
areas have been found to have a higher 
density of bear marks compared to trees in 
non-thinned areas. As these bear marks can 
be damaging to trees, a substantial increase 
in bear markings resulting from forest 
thinning can have severe negative effects on 



  
 

 

CEC Research | https://doi.org/10.21973/N33M3K    Fall 2022 Vol. 6, Issue 3 3/10 

forest health (Mason & Adams 1989). While 
the effects of both trail creation and forest 
thinning on bear behavior have been well 
documented, the interaction between these 
two effects has not been well studied. By 
understanding whether bears alter their use 
of trails in response to forest thinning, better 
insight can be gained as to why bears prefer 
thinned areas, which could help inform 
future forest management decisions.  

In this study, we examine how 
anthropogenic land management practices 
have affected black bear tree species and 
habitat preferences and the ways that black 
bears use their habitat. More specifically, we 
look to investigate whether black bears are 
altering their use of trails in response to the 
implementation of forest thinning practices. 
First, we analyze bear preferences for 
different species of trees in montane forest 
habitats, with the prediction that bears will 
mark most frequently on lodgepole and 
Jeffrey pines (Barnes & Engeman 1995). 
Next, we investigated whether bears prefer 
to mark trees closer to human settlements, 
hypothesizing that bears will be inclined to 
mark trees closer to human activity than 
trees farther away. Finally, we compare bear 
markings on trees in thinned and non-
thinned areas, predicting that bears will 
leave more marks on trees farther away 
from a trail after the area has been thinned. 
We predict that there will be less of a 
difference between marks left on trees near 
a trail after an area has been thinned, as 
bears will have had better access to these 
trees before the thinning took place. 

METHODS 

This study was conducted at Valentine 
Camp in Mammoth Lakes, California, USA 
(37.6298, -118.9953) on the eastern slope of 

the Sierra Nevada range. The study site 
consists of 0.63 km2 of varying montane 
habitats, including montane forest 
(California Department of Forestry and Fire 
Protection and California Climate 
Investments 2020). Montane forest is 
especially dominant across the site and 
consists of Pinus contorta (lodgepole pines), 
Abies magnifica (red firs), Abies concolor 
(white firs), Pinus jeffreyi (Jeffrey pines), 
Pinus ponderosa (ponderosa pines), and 
Populus tremuloides (quaking aspens). 
Valentine Camp ranges from an elevation of 
2437 to 2605 m, with a steep uphill slope on 
the northwest edge of the reserve. While the 
site itself is relatively pristine, having been 
protected from grazing and development 
since the early 1900s, it is surrounded by 
roads and houses. There are five to ten 
resident black bears in Valentine Camp 
(pers. communication C. Blanchette PhD).  

The montane forest in Valentine Camp has 
a high density of trees due to fire 
suppression for the past 150 years. Before 
human development, fires occurred every 
15-25 years on this land. This situation has 
led to a high risk of serious fire. To decrease 
the risk of fire and improve ecosystem 
health, the reserve managers carried out a 
large-scale fuel reduction project of the 
montane forest in 2020. They removed trees 
and branches from 0.20 km2 of the forest. 
Trees were selected based on maintaining 
adequate tree spacing, tree species 
diversity, and their role in conserving wild 
habitat. This has led to parts of the camp 
having areas of thinned forest. Trails in the 
camp run through these thinned areas 
(California Department of Forestry and Fire 
Protection and California Climate 
Investments 2020).  
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There are three main trails within 
Valentine Camp: the gravel entrance road, 
the forest trail, and the meadow trail (Fig. 1). 
Along each of these trails, we sampled the 
nearest tree to the trail every 15 m. After 
sampling the tree near the trail, we moved 
15 m perpendicular to the trail and 
measured the closest tree at that point. The 
direction of the movement alternated with 
each tree. All distances were determined 

using a rangefinder. Trees that were next to 
the trail were classified as near trail, while 
trees that were 15 m from the trail were 
classified as far from trail. The GPS 
coordinates of each tree were also recorded. 
In cases where there were no trees within a 
5 m radius 15 m perpendicular to the trail, or 
where these locations were inaccessible, the 
point was skipped.  

Figure 1. Map of Valentine Camp. The trails that were sampled at Valentine Camp including the Entrance Road, 
Meadow Trail, and Forest Trail. The star indicates the position of Valentine Camp in California. Lines in blue mark 
the areas where we sampled trees.  

Individual tree sampling consisted of 
identifying the species and the number of 
new and old bear markings on the tree. We 
lumped together red and white firs as well as 
yellow pines (ponderosa and Jeffrey pines) 
because of the limited number of these 
species relative to aspens and lodgepoles. 
Bear markings included deep vertical 
grooves left by scratching, shallower and 
shorter grooves left by climbing, removed 

bark and exposed cambium left by bites, and 
peeled off bark in large areas left by back 
scratches. We categorized the age of all bear 
marks as recent or older. For lodgepole 
pines, yellow pines, and firs, recent marks 
were defined as those containing 
translucent and sticky sap around the mark. 
As little sap was observed on aspens, marks 
were categorized as being older if black scar 
tissue was observed on the mark. If the 
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aspen had no black around the mark and the 
cambium was still a tan color, it was 
categorized as a new mark. Older marks 
were more easily identifiable on aspens and 
lodgepoles than on yellow pines and firs; due 
to this variation, all interspecific 
comparisons were made using only recent 
marks. All other comparisons involved only 
lodgepole trees; this was done to avoid bias 
in recording the number of old marks and 
because of the wide distribution and 
abundance of lodgepoles at Valentine Camp.  

All statistical analyses were conducted 
using JMP statistical software v16 (SAS 
institute inc.). Due to the abundance of trees 
containing no bear marks, a nonparametric 
Wilcoxon test was used to compare the 
number of new bear marks on each species 
of tree, and differences among tree 
preferences were compared using a Tukey 
HSD post-hoc test. GPS coordinates of each 
tree were entered into Google Earth (Google 
LLC), and the distance to the nearest point of 
the edge of the reserve was determined 
using the measure distance and area tool. As 
the reserve is surrounded by human 
development, we used a linear regression to 
look for an effect of the distance to the edge 
of the reserve on the total number of marks 
on lodgepole trees to test whether bears 
prefer to mark trees near developed areas. 
To test for the effects of forest thinning on 
bears’ use of trails, nonparametric Wilcoxon 
tests were also used to compare the 
proportion of new to old bear marks on 
lodgepole pines in thinned areas versus non-
thinned areas both near the trail and far 

from the trail. A nonparametric Wilcoxon 
test was performed to compare the number 
of total bear marks on trees that were close 
to the trail versus total marks on trees that 
were far from the trail. 

RESULTS 

The number of new bear marks was 
highest on Quaking Aspens and Lodgepole 
Pines and was lowest on yellow pines and 
firs (nquaking aspens = 17, nfirs = 64, 
nlodgepoles = 66, nyellow pines = 23, Z = 
21.6367, p = 0.0001; Fig. 2). There was no 
effect of distance to edge of the reserve on 
the total number of marks on lodgepole 
trees (n = 73, r2 = 0.0050, p = 0.5540; Fig. 3). 
When looking at lodgepoles far from the 
trail, there was no difference between the 
proportion of new to old bear markings on 
these lodgepoles that were in thinned areas 
compared to lodgepoles that were in non-
thinned areas (nthinned = 21, nnon-thinned 
= 8, Z = 1.7690, p = 0.1835; Fig. 4). There was 
also no difference between the proportion 
of new to old bear markings on lodgepoles 
that were in thinned areas compared to 
lodgepoles that were in non-thinned areas 
on lodgepoles that were near the trail 
(nthinned = 30, nnon-thinned = 14, Z = 
1.3714, p = 0.2416). It was found that the 
number of total marks on lodgepoles that 
were close to the trail did not differ from the 
number on lodgepoles that were far from 
the trail (nclose to trail = 44, nfar from trail  = 29, Z = 
0.4807, p = 0.4881).  
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Figure 2. Comparison of the average number of 
recent bear marks per tree among the species of 
trees sampled at Valentine Camp. The average 
number of recent marks was highest in quaking 
aspens and lodgepole pines, and lowest in firs and 
yellow pines (p = 0.0001). Comparisons between 
averages were analyzed using a Tukey HSD post-hoc 
test. The error bars represent standard error.   

 

 

Figure 3. Effect of distance to nearest point of edge 
of valentine reserve (m) on average total marks per 
lodgepole. The number of total marks on lodgepoles 
in the reserve was not affected by their proximity to 
the nearest point of the Valentine Camp boundary (p 
= 0.5540). 

 

Figure 4. Comparison of the average proportion of 
recent to old bear marks per lodgepole to clearing 
status of trail, for lodgepoles near the trail and 
lodgepoles far from the trail. Two nonparametric 
Wilcoxon tests were performed, and it was found that 
the proportion of recent to old bear marks on each 
lodgepole did not change when the lodgepole was in 
a thinned area than when it was in a non-thinned 
area. This was the case for both when the lodgepole 
was near the trail (p = 0.1835) and when the 
lodgepole was off of the trail (p = 0.2416). Lodgepoles 
off the trail were15 meters away in a perpendicular 
direction from the trail. The error bars represent 
standard error.  

DISCUSSION 

Overall, our hypotheses were not 
supported by the evidence we collected. 
While we did find that bears prefer certain 
trees over others, these preferences did not 
match our prediction that yellow pines 
(which include Jeffrey pines) would be 
among the most preferred species. We 
found no evidence to suggest that proximity 
to human development had any effect on 
which trees bears prefer to mark, which also 
contradicted our hypothesis that bears 
would prefer trees closer to the reserve 
boundary. Our final hypothesis that bears 
would mark trees farther from the trail more 
often after an area was thinned was also not 
met, which may partially be explained by our 
finding that bears in this system had no 
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preference for trees closer to trails as 
opposed to trees further off trail. 

Our study found evidence of tree type 
preferences exhibited by black bears, with 
lodgepole pines and quaking aspens being 
marked more often than yellow pines 
(ponderosa and jeffrey pines) and firs (red 
and white). While markings were observed 
on the aforementioned tree species, there 
were significantly less markings overall on 
yellow pines and firs in comparison to 
lodgepole pines and quaking aspens. These 
findings support previous studies which also 
indicate black bear preference for lodgepole 
pines (Bowersock et al. 2022). One possible 
explanation as to why this preference is seen 
may be that markings made on lodgepoles 
and aspens are easier to identify visually 
than marks left on other tree species. For 
bears seeking to establish territories, mark 
visibility may be a key factor influencing 
decisions on which trees to mark. 
Additionally, marks left on aspens and 
lodgepoles appeared to maintain visual 
integrity (i.e., they remained visible for 
significantly longer periods of time) than 
marks left on other species of trees. This is 
likely due to the texture of the bark found on 
aspens and lodgepoles, which is much 
smoother than the bark of yellow pines and 
firs, which is rougher and more grooved. The 
roughness of the bark of yellow pines and fir 
may make marks left by black bears more 
difficult to see. Additionally, the grooves 
seen on yellow pine and fir bark may also 
obscure marks left by black bears, making it 
less advantageous to mark these species, as 
it would require bears to mark trees more 
frequently to maintain territorial boundaries. 
Conversely, the smoother bark of lodgepole 
pines and aspens would allow marks to 
remain visible for considerably longer 

periods of time, making it more beneficial for 
bears to mark these species of tree. 

These results are additionally relevant as 
they provide important insight for forestry 
managers, land stewards, and 
conservationists. By improving our 
understanding of black bear behavior, 
ecology, and preferences, ecologists and 
conservationists are better able to integrate 
land management practices that mitigate 
the disruption or decline of preferred black 
bear habitat. More specifically, practices 
aiming to protect lodgepole pines and 
quaking aspens in riparian and montane 
meadow habitats can be implemented to 
promote the conservation of black bears, 
both at the population and species level. 

Expanding upon these results, we sought 
to determine if black bear tree preferences 
were influenced by proximity to the edges of 
Valentine Camp Reserve, areas with mid to 
high densities of human settlements. Our 
study found no evidence indicating that 
bears are more inclined to mark trees closer 
to the edge of the reserve than trees in areas 
closer to the center of the reserve. These 
findings contradict earlier studies whose 
results suggest that edge effects have a non-
negligible impact on black bear behaviour 
and habitat selection (Woodroffe & Ginsberg 
1998, Miller et al. 1987). Discrepancies in 
results from our study and results from 
earlier studies may be attributed to the scale 
at which the studies were conducted, with 
previous research having been done on 
much larger reserves (Burst & Pelton 1983, 
Bowersock et al. 2022). The relatively small 
size of Valentine Camp Reserve is likely to 
have reduced the overall influence of edge 
effects on black bear behavior as all parts of 
the reserve were affected by the presence of 
human settlements relatively equally. Since 
black bear territories may exceed the size of 
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the 0.63 km2 reserve and individual 
territories often overlap (Garshelis & Pelton 
1981, Grenfell & Brody 1986), the 
movement of bears onto and out of the 
reserve may have also decreased the 
influence of edge effects on habitat 
selection. 

In our attempts to further explore black 
bear habitat selection, we also examined the 
effects of forest thinning on trail use. Our 
findings found no evidence suggesting that 
black bears prefer to mark trees off trail in 
thinned areas, nor was there evidence that 
forest thinning had any impact on black bear 
behavior. This may suggest that while bears 
do mark more frequently in thinned areas 
(Burst & Pelton 1983), they prioritize staying 
on trails and marking trees nearby. However, 
our research did not find that bear markings 
were higher on trees closer to the trail than 
on trees off trail, regardless of thinning 
status. These results do not support the 
previous studies that bears mark trees near 
the trail (Burst & Pelton 1983, Maxie 2010). 
These studies did examine larger areas; this 
may indicate that bears behave differently in 
smaller, low-density reservations, such as 
Valentine Camp, as opposed to larger, more 
densely forested reserves or protected 
areas. These findings could potentially 
influence forest management strategies on 
smaller reserves where forest thinning may 
be more beneficial to forest health with 
minimal impact on black bear population 
dynamics. It may also provide evidence that 
black bear behavior is dependent, at least in 
part, on the size of the area that the bears 
are inhabiting. 

Furthermore, this provides important 
insight for forest managers, land stewards, 
and conservationists who seek to better 
understand how human land use impacts 
black bear populations, both on larger 

reserves with increased territory availability 
that are more isolated from human activity 
and on smaller reserves with minimal 
territory availability closer to human 
settlements. Bettering our understanding of 
how anthropogenic habitat alteration 
impacts large vertebrate species, and 
wildlife as a whole, will therefore aid in the 
management and conservation of 
threatened and endangered species. It will 
also allow for the continued use and 
extraction of natural resources for human 
consumption in a manner coinciding with 
the preservation of natural habitats. 
Conservation and effective habitat 
management are thus dependent on our 
understanding of the relationships between 
wildlife and their habitats (van Manen & 
Pelton 1997). 
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