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Abstract: The management of multi-use forests often drives forest fragmentation, which leads
to decreased habitat areas and quality. We explored suitable habitat distributions of cervids to
evaluate the conflict between small-scale human management and large-scale habitat conservation in
human-disturbed forest landscapes. We estimated the potential habitat of roe deer (Capreolus pygargus)
and determined the contribution of multiple environmental factors to habitat distribution using the
presence of roe deer (N = 106) in a maximum entropy (MaxEnt) model. We simulated changes in
the suitable habitat and characteristics of landscape patterns based on three forest management area
scenarios. The results showed that the potential suitable habitat for roe deer was located mainly in
the east. The variables affecting habitat suitability were similar in different scenarios, and included
distance to farmland, settlements, rivers and management areas, and elevation. Distance to the
management area was found to affect habitat suitability with a contribution probability from 4% to
6%. With an increase in the management area, the suitable habitat decreased. Landscape indexes
showed that habitat quality decreased with management area expansion, but patch fragmentation was
not aggravated. The expansion of the management area increased the range of human disturbance
and had a negative impact on habitat area and quality, which adversely affected the environmental
suitability for roe deer.

Keywords: national forest; forest management; suitable habitat; species distribution models; roe deer

1. Introduction

Forest management activities often have a negative impact on the habitat and living conditions of
wild animals [1]. For example, Leclerc et al. (2012) mentioned that in the context of the declining global
population of caribou (Rangifer tarandus), reducing forestry activities will help protect caribou habitat
and increase their population [2]. The pattern, intensity and scope of forestry activities can affect
the habitat of wild animals. These forestry activities are largely determined by the forest ownership
system, which means that changes to the system guide these forestry activities. In recent years, forest
rights in many areas have become more dispersed. There are a variety of management measures for
the understory layer, plus increased frequency and scope of management, which affect indicators
such as the distribution, abundance and coverage of vegetation, and which also result in the spatial
fragmentation of the forest landscape and habitat degradation for wild animals [3,4]. The trend
towards decentralized management guides human activities, directly affecting the habitat of most
wild animals [5-7]. Since 2012, commercial logging has been banned in the Lesser Xing’an Mountains.
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The main sources of human interference are forest management activities, which are represented by
understory planting and intermediate cutting. Studies have shown that forest management activities
could significantly influence the shrub and herb layers [8]. A variety of management measures and
high intensity work in the understory will destroy the habitat essential for wild ungulates and is likely
to have a negative impact on their population [9].

In the study of human interference into habitat patterns through forest activities, researchers
usually focus on the impact of changes in forest management intensity and approaches. Generally, the
impact is measured through biodiversity indexes or using landscape models to simulate the long-term
changes to a forest [4,10], and less attention is paid to the change of area under management. This is
mainly due to the limitation of the research methods for management area change. To solve the above
problem, previous studies have often used a neutral model to simulate the effects of these changes.
Neutral landscape models (NLMs) can serve as one of the important tools in landscape ecology to
generate a series of patterns with similar statistical characteristics while neglecting specific ecological
or physical geographical processes, providing a reference for the exploration of real landscape patterns.
However, the neutral pattern randomly assigns the vegetation parameters, such as tree species and age,
and topographic factors and human disturbance factors do not accord with the condition of random
assignment. In a real world landscape, we need to consider the effect of a variety of environmental
factors on the distribution of the target species. We set up a variety of resistance conditions, such as
selecting expanding management areas, to obtain the environmental variable layers required by the
species distribution model [10]. We combined these with the actual forest management demand,
within a GIS platform. We selected terrain factors, landscape type factors, vegetation factors and
human disturbance variables to analyze the relationship between different forest management area
and habitat distribution. This approach overcomes the limitations of the neutral model, which only
considers vegetation features, but not other habitat characteristics.

Deer are some of the typical ungulates in the Lesser Xing’an Mountains, and the distribution
and population size of roe deer (Capreolus pygargus) have an important impact on the forest
ecosystem [11-13]. According to the Report on the Investigation Results of Terrestrial Wild Animal
Resources in the National Forests of Forest Industry in Heilongjiang Province, which was issued
by the Forest Industry Bureau of Heilongjiang Province in September 2000 [14], the number of
deer has decreased, their distribution range has shrunk, and their survival status is of concern.
Therefore, this study selected the common species of roe deer as a representative target species.
The Tieli Forestry Bureau (TFB) is located in the south of the Lesser Xing’an Mountains. It is a
typical human-dominated agriculture—forestry cross-over zone and one of the 2006 national forest
reform experimental areas. The contradiction between the need for small-scale human management
and large-scale habitat conservation is unresolved. Studying the habitat distribution of roe deer
under different forest management area scenarios may help resolve this issue. At the same time,
the relationship between landscape patterns and habitat suitability can be determined and habitat can
be protected by pre-regulating the forest management area.

2. Study Area and Methods

2.1. Overview of the Study Area

The Tieli Forestry Bureau (127°51'-128°41" E, 47°02'-47°36’ N) is located on the southern slope
of the Lesser Xing’an Mountains, with an area of 204,234 ha (Figure 1). Its elevation is 225-1148 m,
mostly in mountainous areas. This region belongs to a temperate continental monsoon climate, with an
annual maximum temperature of 35 °C and a minimum temperature of —41 °C. Its annual precipitation
is about 600 mm and its river system forms part of the Songhua River. The vegetation of the area belongs
to the flora of the Changbai Mountains and the zonal vegetation is coniferous and broad-leaved mixed
forest, mainly composed of Pinus koraiensis. There are hundreds of different species of wild animals
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in this study area, including bear (Ursus thibetanus), wild boar (Sus scrofa) and mandarin duck (Aix
galericulata).
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Figure 1. Tieli Forestry Bureau study area.

The Yichun state-owned forest region was the first to be established in northeastern China.
Large-scale logging has historically resulted in a dramatic decrease in both forest area and volume.
In recent years, logging has decreased and was finally banned in 2003. After 2006, five forestry bureaus,
including the Tieli Forestry Bureau surveyed in this work, initiated a state-run forest tenure reform
program. This program involves the selection of commercial forests for management using 50-year
contracts with individuals who are designated as land managers at specific sites with an area of
approximately 800 km?. The reform pilot zone encompasses a 10,870 km? forest landscape, including
six adjacent forestry bureaus. With the planting of Schisandra chinensis, Panax ginseng and Auricularia
auricula, an industry using products from the forest understory has gradually emerged in the local
area. During the growing season of crops, diverse management techniques were usually implemented
in the understory planting sites, such as weeding, fertilizing, pruning, and harvesting [8]. This policy
improved the enthusiasm of local foresters and enriched the management pattern of understory
planting, but increased the human disturbance. There are now mainly three treatments in the forest
management system applied in the study area, which include tending cut shrubs, selective cutting and
understory planting. In general, studies have showed that the intensity of understory planting is the
highest [8].

2.2. Methods

2.2.1. MaxEnt

The maximum entropy (MaxEnt) model is one of the most commonly used species distribution
models (SDMs, [15-17]). It considers a certain number of known species distribution points as the
input data and regards environmental predictor variables as constraints in order to build a correlation
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between the two. The distribution conditions with the maximum entropy are calculated to forecast
potential species distribution areas.

2.2.2. Investigation of Appearance Points

Based on field investigations from 2013 to 2015, a total of 32 “Z” line transects were set in the
study area [18,19], each 1-2 km long [11,18,20]. We obtained 106 georeferenced coordinates indicating
the presence of roe deer based on evidence such as feces, footprints and traces of lying down or
browsing. The coordinates of these points were entered into Excel and imported to ArcGIS 9.3
(ESRI INC., Redlands, CA, USA, 2008). They were then converted into the required format for the
MaxEnt software.

2.2.3. Selection of Environmental Variables

(1) The terrain factors consisted of elevation, slope, aspect, irradiation aspect, surface roughness, and
the standard deviation of elevation [21]. Data on the terrain variables were derived from digital
line graphic (DLG) data at a scale of 1:50,000 with contour lines, water systems, roads and other
physiognomy information. A digital elevation model was created using ArcGIS with a resolution
of 30 m x 30 m.

(2) The landscape factors comprised seven environmental variables. Land cover classes from 2014
Google satellite imagery (resolution 3 m x 3 m) and visual interpretations of the landscape type
recorded in field investigations were combined using ArcGIS to obtain a landscape type map.
A total of eight landscape types were determined, namely broad-leaved forest, mixed forest,
coniferous forest, farmland, shrub/grassland, water bodies (including rivers and swamps),
settlements and roads. The land type classification was verified with investigations in the field,
showing an interpretation accuracy of 86%. This was acceptable for use as a data source in our
model. Then, the distance to six kinds of landscape types (excluding settlements and roads) and
land cover factors were analyzed to obtain the grid layers.

(3) The vegetation factors included the forest stand type, forest age, tree height and coverage of
shrub/grassland and were all taken from a forest map with a scale of 1:100,000 and used to reflect
the characteristics of the plant community structure in the roe deer habitat.

(4) The human disturbance variables covered the distances to settlements (500 m buffer zone), roads
(500 m buffer zone for roads and 200 m buffer zone for paths) and management areas [21].
The two former variables were obtained from a landscape type map and the latter was sourced
from data on the forest reform experimentation areas from the Resource Department of the
Forestry Bureau.

Data on the environmental variables were tested for correlations in R 3.0.1 (http://www.r-
project.org/) to reduce the effect of multicollinearity, and factors with a high correlation (r > 0.80)
were removed [22,23]. The test results suggested that three of the above 20 environmental
variables—irradiation aspect, surface roughness and tree height—did not meet the requirements.
Finally, the layers of all the factors were standardized as model inputs with a WGS 84 coordinate
system in ArcGIS 9.3, with a grid size of 30 m x 30 m.

2.2.4. Model Construction and Verification

Data on species distribution points and environmental variables were put into the MaxEnt
software, and 75% of distribution point data were randomly selected to build the model, while the
remaining 25% of the points were used for model verification. The other parameters were set as
default values of the model [14] to build a distribution model for roe deer in the study area. After that,
the mean of ten simulated results was taken as the final simulated result [24] to obtain a probability
distribution map.
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Jackknifing was used to analyze the importance of environmental factors and the area under the
curve (AUC, the area under a receiver operating characteristic (ROC) curve) was applied to evaluate
model accuracy [25,26]. A larger AUC value (0-1) meant a better prediction effect. The assessment
standard for the ROC was 0.9-1.0 for very good performance [27].

2.2.5. Habitat Grade Classification

The Youden index was used to judge the threshold values of the ROC curve, where a larger
index showed a better experimental effect [28,29]. The output results of the model were imported into
ArcGIS. The best breakpoint served as a threshold value to reclassify the probability distribution map,
according to the maximum Youden index of the MaxEnt model. The habitat of roe deer was divided
into two classes: suitable (>threshold value) and unsuitable (<threshold value) habitats.

2.3. Simulation of Different Forest Management Area Scenarios

According to the local forest tenure reform program and natural environmental conditions,
we estimated the potential habitat of roe deer based on four forest management area scenarios,
including no management, the current management regime, a twofold management area (twice the
size of the current management area) and a threefold management area. Based on field investigations,
the forest management area was usually flat, convenient woodland with poor conditions. Combined
with the real management characteristics, we mapped the following resistance layer in ArcGIS to select
site expansion conditions:

(1) Setting 20 m wide rectangular buffers on both sides of the river;

(2)  Setting circular buffers with a 20 m radius around existing residential areas and water bodies;
(3) Extracting farmland type;

(4) Using reclassification to extract areas with a slope greater than 25°.

Based on these variables, the vector layer of the forest management area was increased to
twofold and threefold according to a circular buffer to model the environmental layers under different
management area conditions. In addition, we set a no forest management area scenario, which did
not include the environmental variable of distance to forest management area. Based on the distance
analysis function in GIS, the distance factor layer was calculated for the different forest management
area scenarios. Then, we recomputed the classification results of the landscape types under each
scenario to get the environment variable layers. Finally, we put the environment variables dataset
under each scenario into the MaxEnt models, in the same way as outlined in Sections 2.2.3 and 2.2.4.

2.4. Spatial Analysis of the Landscape Pattern

This study used a MaxEnt model to obtain the results for different habitat grades in different
forest management area scenarios. Using GIS, the area of each habitat level from different scenarios
was analyzed to get the suitable habitat distribution maps for roe deer. After that, FRAGSTATS 4.1
was used to calculate landscape indexes at both landscape and patch level [30,31], with a resolution of
30 m. According to the significance of each landscape index and its ecological application, we chose
PLAND (percent of landscape), AREA_MN (mean patch area), PD (patch density), ED (edge density),
LSI (landscape shape index), SHAPE_MN (mean patch shape), ENN_MN (mean Euclidean nearest
neighbor distance) and Al (aggregation index). We used these eight landscape indexes—including area
index, density index, shape index, distance index and aggregation index—to analyze the characteristics
of changes in landscape patterns.
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3. Results

3.1. Examination of the Model Prediction Results

The evaluation of the ROC curve indicated that the average AUC values of the roe deer model
for the training set and validation set were all greater than 0.9 under each scenario, suggesting that
the MaxEnt models yielded good accuracy and could be used to predict potential deer habitat in our
study area (Table 1).

Table 1. Average model prediction accuracy and Youden index.

Scenario Accuracy Variance Youden Index
No management 0.933 0.057 0.393
Current 0.924 0.018 0.170
Twofold management area 0.951 0.028 0.146
Threefold management area 0.952 0.041 0.178

3.2. Distribution of Suitable Habitat for Roe Deer under Different Scenarios

The distribution of suitable habitat of roe deer changed clearly under the different scenarios.
Under the no management scenario, the suitable habitat area was widely distributed, mainly in the
eastern mountainous region and central forest area, accounting for 21% of the total study area. With the
increase of the management area, the suitable habitat area clearly decreased and was reduced by 22%
under current conditions and 19% in the twofold management area scenario (Table 2). When the
management area expanded to the threefold scenario, the roe deer habitat shrank greatly (Figure 2).

Table 2. Area of each habitat grade under different scenarios (km?).

Scenario Suitable Habitat Area (%) Unsuitable Habitat Area (%)
No management 422.92 20.71 1619.42 79.29
Current 329.87 16.15 171247 83.85
Twofold management area 341.85 16.74 1700.49 83.26

Threefold management area 245.08 12.00 1797.26 88.00
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Figure 2. Suitable habitat distribution map for roe deer in the Tieli Forestry Bureau, northeastern China.

3.3. Relationship between Habitat Suitability for Roe Deer and Environmental Factors

The model results indicated that the environmental factors and their contributions to the roe
deer model were similar under different scenarios. Among the variables, distance to farmland,
distance to settlements, distance to river, distance to forest management area and elevation had the
strongest influence on habitat suitability. Among these, the model contribution of the distance to
the forest management area factor was stable, at 4.8% (current), 6.0% (twofold scenario) and 5.1%
(threefold scenario). The stability of the contribution rate of this factor indicated that the distance to
the management area had a clear effect on habitat suitability for roe deer.

The response curve of the contribution of the distance to the forest management area factor on
the predicted results showed that with increasing distance from the forest management area, at first
the roe deer habitat suitability rose and then decreased (Figure 3). At a distance of about 1300 m from
the forest management area, habitat suitability reached its peak, suggesting that the distance from
management activities was relatively close for the different scenarios for roe deer.



Sustainability 2018, 10, 1211 8of 13

Habitat suitability

] 500 1000 1500 2000 2500 3000 m 0 500 1000 1500 2000 2500 3000m [} 500 1000

1500
Current Twofold management area scenario Threefold management area scenario

2000 2500 3000m

Response of roe deer to distance to management area

Figure 3. Response curves of distance to management area factor in modeling (mean of 10 replicate
runs (red) & SD (blue)).

3.4. The Landscape Pattern Changes for Suitable Habitat under Different Scenarios

Results showed (Table 3) that with the increase in the forest management area, the PLAND
(percent of landscape) of suitable habitat decreased, while the area of unsuitable habitat increased.
The AREA_MN (mean patch area) of suitable and unsuitable habitat both rose, while the PD (patch
density) index and ED (edge density) index decreased. The LSI (landscape shape index) fluctuated,
indicating that the shape of the patch was neither complicated nor simplified. The ENN_MN value
(mean Euclidean nearest neighbor distance) and Al (aggregation index) increased.

Table 3. Metrics of the habitat pattern at the class level.

. Habitat PLAND AREA_MN PD ED ENN_MN

Scenario Grade (%) (ha) (Patches /km?)  (m/ha) LS SHAPEMN (m) Al
No Unsuitable  77.73 26.38 295 40.40 53.56 1.08 69.16 96.03
management  Suitable 14.39 221 6.52 49.42 147.19 131 83.70 74.31
c Unsuitable  83.57 41.08 2.03 19.58 25.99 1.07 68.4 98.18
urrent Suitable 12.03 5.51 2.18 23.83 77.73 1.24 86.86 85.25
Twofold Unsuitable  83.23 64.74 1.29 17.99 24.05 1.11 72.61 98.32
management Suitable 14.13 6.54 2.16 21.1 63.61 1.21 87.89 88.89

area

Threefold 5 il 9246 136.93 0.68 10,04 14.69 111 72.26 99.05
management Suitable 4.67 2.78 1.68 13.59 70.99 1.27 89.77 78.40

area

At the landscape level (Table 4), with the expansion of the management area, the PD, ED and
LSI were all reduced. The ENN_MN increased, and patches tend to converge. These indexes reflect
that the habitat quality for roe deer decreased with the expansion of the management area, but patch
fragmentation was not aggravated.

Table 4. Landscape metrics for habitat pattern.

Scenario (Pa tchI;]s) /km?) ED (m/ha) LSI SHAPE_MN EN]:;;V[ N Al
No management 11.57 53.14 61.74 1.24 82.06 92.00
Current 4.96 2427 29.20 1.16 81.95 96.33
Twofold management area 3.84 21.34 25.89 1.18 84.72 96.77
Threefold management area 2.74 13.94 17.56 1.22 89.64 97.87

The following abbreviations have been used: PLAND, percent of landscape; AREA_MN, mean
patch area; PD, patch density; ED, edge density; LSI, landscape shape index; SHAPE_MN, mean patch
shape; ENN_MN, mean Euclidean nearest neighbor distance; Al, aggregation index.
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4. Discussion

4.1. Effect of the Change of Forest Management Area on Habitat Distribution

The results indicated that with the increase in the management area, the suitable habitat decreased.
The expansion of the management area increases the disturbance range of human activities, which
adversely affects the living conditions for roe deer, resulting in a decrease in habitat area and quality.
Studies have shown that large areas of forest management can result in the fragmentation of core
habitat or a loss of area, and thus threaten species survival, which makes it more difficult to protect
large-scale biodiversity [32]. Nevertheless, the expansion of the management area in the understory
can also provide a variety of habitats that are beneficial to the survival of some species. For example,
the coexistence of different forest habitats in woodland can provide different food sources and shelter
for wild animals, especially for some reptiles. Research has shown that private woodlands in the
southwestern United States play a positive role in protecting the habitat of Gopherus polyphemus [33].
More remarkable, the suitable habitat area differs greatly between the management scenarios and
no management scenario, except for a standard area in the southeast, which remained as suitable
habitat under all four scenarios (Figure 2). The reason for this may be the large proportion of farmland
distribution in the southeastern mountain region, which is a favorite habitat distribution of roe
deer [14].

There are a number of studies on the impact of forest management areas on habitat distribution,
but few studies that focus on China’s state-run forests. Related studies have mostly focused on the
influence of forest ownership and the change of activity intensity [34]. For instance, Piekielek and
Hansen (2012) studied four typical American national parks and their surrounding land with different
ownership. The results showed that changes of habitat quality fluctuate with time, but the habitat
quality of private land is lower than that of public land for a longer time. Jin (2008) assessed Sciurus
vulgaris habitat quality in the Lesser Xing’an Mountain using LANDIS and a landscape-level habitat
suitability index (HSI) model in a GIS environment. The results showed that the increase of suitable
habitat areas and the decrease of marginally suitable areas were the fastest under no cutting scenarios
and the slowest under clear cutting scenarios. The optimal management alternatives for S. vulgaris
habitat were in the sequence of no cutting, selective cutting and clear cutting.

4.2. Habitat Distribution Response to Environmental Factors

The results showed that the main environmental factors that influenced the distribution of roe deer
habitat were stable with expanding management areas, and the variables with a larger contribution
rate were the landscape type factors and human disturbance factors. Among these, the distance to
the management area factor was found to consistently rank in the top five, indicating that it has a
strong influence on the habitat distribution of roe deer. When the distance to the forest management
area is very close, the human disturbance intensity is high; as roe deer characteristically avoid human
disturbance the habitat suitability for roe deer is thus low. At a distance of about 1300 m, the habitat
suitability reached its peak under the different scenarios for roe deer. With the increasing distance the
influence of the forest management area factor was reduced, and maybe other environmental factors
became dominant interference factors, decreasing the suitability for roe deer.

It is possible that roe deer habitat distribution is mainly influenced by distance to farmland,
because farmland can provide high nutrition food. We found that the distance to roads had little
influence on the predicted results in this study. Our findings are similar to some previous research.
For instance, Piekielek and Hansen (2012) pointed out that some roads could become natural wildlife
corridors and do not pose an obvious disturbance. Regarding terrain factors, Li (2005) found that
altitude and aspect are both the main contributors to the habitat selection of deer in Heilongjiang
Province, China [35]. Our study indicated that slope had little impact on roe deer distribution,
which can be explained by the gentle topography in our study area.
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Studies indicate that human interference has a great influence on large mammals, which have been
shown to move their home range and avoid areas within 100-200 m of roads and 500-1000 m [6,7,36]
of settlements [5]. Within this range they have low habitat suitability and are at greater risk of being
killed. In our study, human disturbance was very important when determining suitable habitat
distribution, but in the model simulation we were only able to consider some human activities, such as
the distance from roads, residential areas and forest management areas. It is difficult to fully consider
the influence of artificial factors. There are seasonal forest management activities in our study area,
so the interference intensity and interference methods will vary from season to season. Field research
has found that in autumn, forest farmers often walk far into the mountains to harvest pinecones.
In summer people engage in higher intensity and more extensive activities. These seasonal human
activities affect the distribution and behavior of roe deer [14]. However, this study only simulated the
average disturbance range of one year, and the uncertainty and subjectivity of the growth of forest
management areas were difficult to control quantitatively.

4.3. Limitations of Modeling

The prediction results of the SDMs depend largely on the input data of the model, which mainly
includes the acquisition of species occurrence data and the selection of environmental factors. In this
study, the data on species distribution points from field investigations over the past 3 years were
used as the input data for the MaxEnt model. The model accuracy was high and the results were
more convincing than historical data modeling. Owing to the limitations of mountainous terrain
and other conditions, it is difficult to form uniform spatial sample lines, which affects research on
larger scales. In terms of environmental variables, we needed to consider as much as possible the
potential environmental factors, especially human interference in northeastern China, but reduce
the predictive variables when building the SDMs. In addition, the accuracy and correlation of the
environmental variables should be tested to select suitable environment variable data sets for different
targets. The input data of the model is the fundamental and key aspect of simulation studies. It will
increase the reliability and applicability of the model if input data can be improved in terms of the
scientific reliability of the selection of the environment variables.

At present, the research methods on the relationship between the forest management area and
species habitat are limited. Real change in forest management patterns can seldom be simulated in the
real landscape, because different land ownership, the degree of forest decentralization and working
intensity together affect the research results. Previous studies have mostly used the neutral model to
simulate the pattern change, which has disadvantages. The neutral pattern can only be assigned to
vegetation parameters such as the composition and age of the tree species. The terrain factors and
human disturbance factors do not meet the conditions of random assignment [10].

In our study, the expansion of the forest management area was circular around the current
management area. Combined with management circumstances, we set a variety of resistance conditions
using the SDMs [37] to simulate the changes to the potential distribution of roe deer habitat under
different scenarios, and analyzed the effect of the distance to the forest management area on the
prediction of roe deer distribution. Despite all this, it was still difficult to model the actual situation
of real growth. Generally, neutral model simulation can only focus on vegetation characteristics and
cannot comprehensively consider the limitations of other important habitat features such as terrain and
human disturbance. However, these factors were considered by MaxEnt. At the same time, the MaxEnt
method avoids the subjectivity of mechanistic models and the lack of input data of regression models,
which are suitable for studying the habitat distribution of wildlife when species-occurrence data are
lacking [38,39]. These provide favorable conditions for biodiversity conservation and management at
the landscape scale.
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4.4. Conservation and Management Advice

The results from our study suggest that forest managers need to be aware of the management of
the understory, control human disturbance and give protection priority to the potential areas of suitable
deer habitat, to better conserve the wildlife habitat in the forest landscape of state-owned forest areas.
Furthermore, we should consider the area of disturbance and influence range of human activities
before forest management measures are implemented, and minimize the transfer, fragmentation or
loss of high-quality habitat [40]. In this study, roe deer avoided the forest management areas. At a
distance of about 1300 m, the habitat suitability of roe deer was highest. Based on this, we should
enhance the landscape connectivity of management areas and surrounding habitat to provide better
natural conditions for wildlife, particularly focused on areas 1 km around a site that roe deer will
avoid. Last, continuing long-term research can provide important scientific support for the protection
and restoration of deer populations.

5. Conclusions

Using MaxEnt to study the occurrence of roe deer allowed us to elucidate habitat suitability
within the study area and assess the relative influence of environmental factors on their distribution
patterns. The results showed that the potential suitable habitat for roe deer was located mainly in
the eastern mountainous region of the TFB. The variables affecting habitat suitability were similar
under different scenarios, and included distance to farmland, settlements, rivers and management
areas, and elevation. The distance to management areas was found to affect habitat suitability with
a stable probability of contribution. The expansion of the management area increased the range of
human disturbance, which adversely affected the environment for roe deer, resulting in a decreasing
habitat area and quality. It is clear that local people have been building roads, cultivating farmland
and expanding settlements, which have broken up natural habitats. Furthermore, the development of
the under-forestry economy (such as understory planting in this study) has led to increasingly isolated
large patches, which should be focused on and protected. Deer are still very vulnerable to negative
human activities. In our view, the population decline of deer in northeastern China is also driven by
poaching, which was hard to consider in the model.
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