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Abstract: Ecological corridor networks can efficiently improve regional landscape connectivity.
Corridors for multiple faunal species movements are receiving increasing attention and graph
theory is considered a promising way to explore landscape connectivity. In Xishuangbanna,
the circuit theory was applied to explore the corridor networks for biodiversity for the first time.
In addition, disturbances caused by the road network and the protection efficiency of National
Nature Reserves and planned area for corridors were evaluated. Results indicated that the
regional corridor networks could be estimated using a modified circuit method and Zonation
model. Spatially, the key corridors were concentrated in the central-western, southeastern
and northern regions. We detected 66 main intersections between key corridors and the road
buffer. Of these points, 65% are forest, 23% grassland and 12% farmland. More than half of
the area of National Nature Reserves constituted the top 50% of the corridors, and the
planned corridor areas could efficiently protect some key corridors. However, these reserves
only protected about 17% of regional key corridors, and the corridor conservation area in the
western and northern regions were absent. The issues addressed in our study aided in the
elucidation of the importance of regional landscape connectivity assessments and operational
approaches in conservation planning.
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1 Introduction

Biodiversity protection should focus not only on the establishment of nature reserves, but
also on the recognition of dispersal corridors which are crucial to maintaining the ecological
processes of wildlife, especially in heterogeneous landscapes (Crooks and Sanjayan, 2006;
Kindlmann and Burel, 2008). Dispersal corridors are movement paths for animals, which
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connect different habitat patches, and thus offer species practical connections that allow
passage through the landscape; they play an indispensable role in functional connectivity of
the landscape (Haddad, 1999; Bennett, 2003; Pascual-Hortal and Saura, 2006). For faunal
species, corridor networks act as necessary natural pathways for seasonal migration, food
acquisition, and daily movements (Bright, 1998, Gilbert-Norton et al., 2010; Shen et al.,
2014). However, frequent human disturbance has resulted in the increased sensitivity and
fragmentation of environments necessary for wildlife survival (Roever et al., 2013; Loro et
al., 2015; Gray et al., 2016). For instance, the road construction can exert negative influ-
ences on the environment necessary for the survival of local species and affect landscape
connectivity (Pan et al., 2009; Liu ef al., 2014; Karlson and Mortberg 2015; Qu et al., 2015;
Kang et al., 2016). Xishuangbanna in Southwest China is well known as one part of the In-
do-Burma biodiversity hotspot (Myers and Mittermeier, 2000). However, during the latest
20 years, there have been remarkable changes in land use and land cover. The natural forests
have declined continuously since 1988 (Qu et al., 2015). Compared with 1990, the propor-
tion of forest cover decreased by 26%, whereas the proportions of cultivated land and garden
area respectively increased by 3.02% and 21.25% in 2010 (Liu ef al., 2014). For terrestrial
animals, habitat loss and fragmentation due to land use change tend to be more and more
serious in this region. For example, the potential corridors for Asian elephants declined be-
cause of the highway construction, farmland and artificial expansion which caused severe
human-elephant conflict (Pan et al., 2009). In reality, the biodiversity conservation only by
existing nature reserves is not enough to maintain the animal interaction as well as regional
landscape connectivity in Xishuangbanna (Tewksbury et al., 2002; Li et al., 2009). In this
case, the construction, function and efficiency of regional corridor networks deserve more
attention.

Many methods have been used to identify corridor networks. Approaches, such as indi-
vidual-based movement models (Grimm and Railsback, 2005), least-cost path (LCP) (Adri-
aensen et al., 2003; Li et al., 2010), probability of connectivity (PC) (Sauraand Pas-
cual-Hortal, 2007), universal corridor network (Landguth et al., 2012), circuit theory
(McRae et al., 2008), and other simulations (Pinto and Keitt, 2009; Carroll et al., 2012; Kool
et al., 2013) have been widely used. To simulate and analyze corridors, many specialized
software programs, in addition to GIS packages, have been developed as helpful tools, such
as Linkage mapper (McRae and Kavanagh, 2011), Conefor Sensinode (Saura and Torné,
2009), UNICOR (Landguth et al., 2012), Circuitscape (McRae et al., 2013), and Graphab
(Foltéte et al., 2012). For faunal species movement, empirical field observations may be the
most reliable method to identify pathways and to design connectivity/corridor networks
(Stevens et al., 2004; Graves et al., 2007). However, such data are frequently difficult or
impossible to obtain for most species and regions (Fagan and Calabrese, 2006). Therefore,
the combinations of appropriate simulation models and field observations are more practical
for current and future research (Kool et al., 2013; Jiang et al., 2015).

Although the cost-based corridors recognized by the LCP model represent cumulative
costs between target patches and provide a valuable planning method for conservation, the
application of LCP has some shortcomings, e.g. only one path can be predicted at a time
between two habitats (LaRue and Nielsen, 2008; Sawyer et al., 2011). Circuit theory, which
uses the principle of an electric circuit, is an effective alternative method that can also intui-
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tively characterize the flow or structure of ecological processes, as well as having additional
advantages (McRae and Beier, 2007; Howey, 2011).This modeling can identify all possible
movement between any habitats without a certain direction (McRae, 2006; Koen ef al.,
2014). Because the animals cannot master the full knowledge of the landscape they pass
through and may behave differently from different generations, they will not walk strictly
along the single optimum route identified by LCP modeling (McRae et al., 2008; Sawyer et
al., 2011). In comparison, Circuitscape (namely the circuit landscape) simultaneously pre-
sents all possible pathways, in addition to the minimum cost one. That is to say, although the
total dispersal cost may not change, the number of potential migration routes can be various
and increase (McRae et al., 2008). Moreover, the corridors generated by Circuitscape are
insensitive to the cell size of grid data, meaning that the final distribution of the current den-
sity (indicating cells through which dispersal animals are likely to pass moving from one
patch to another) will not be affected by the resolution of analyzed layers (McRae et al.,
2008). Similar to other models, Circuitscape is typically used to estimate local connectivity
for a single species (Dickson et al., 2013; Braaker et al., 2014).

The circuit theory is applied to model animal movement patterns (current flows through
nodes) across a resistance surface (permeability of habitat types), and predict the vital cor-
ridors for random walkers which are shown as cumulative current density flows in Cir-
cuitscape software (McRae et al., 2008; McRae et al., 2013). In other words, species dis-
persal activity is assumed to be an electrical current, and the high current density represents
easy movement of animals (McRae et al., 2008). Recently, Koen et al. (2014) developed a
new modified approach, which is insensitive to the source (or patch) locations, to identify
suitable areas in which multiple species rather than a focal species can move through effi-
ciently. The minimum restriction of the number and the position of random nodes that can be
used to predict the connectivity for multiple species were founded (Koen et al., 2014). By
integrating the Koen et al. (2014) method, we applied the circuit theory to identify the unbi-
ased current map which indicates regional corridors for multiple species in Xishuangbanna.
Further, a ranking approach achieved by Zonation software (Moilanen et al., 2005) was used
to determine the corridor priorities which could be more practical for conservation.

Most previous published studies evaluated local corridors for wild Asian elephant (Ele-
phas maximus) (Lin et al., 2006; Lin et al., 2008; Pan et al., 2009) and Gaur (Bosgaurus)
(Gan and Hu, 2008) with the aid of long-term field monitoring. However, these studies
failed to address regional corridors for more species in Xishuangbanna as this area displays
abundant biodiversity in China. Although the Asian Development Bank project in the
Greater Mekong Subregion has already proposed some biodiversity corridors to connect ex-
isting national reserves and provide the wildlife sanctuaries in Xishuangbanna since 2005
(ADB, 2005), more integrated corridor system is supposed to be needed to cover more areas
and more species. Because it is difficult to obtain sufficient observational data, identification
of the regional corridor network for multiple species is vital for regional biodiversity con-
servation planning and management. And because of the road network expansion, human
disturbance has become more extensive, which typically restricts large mammal species’
activities within narrow limits (Morrison et al., 2007; Liu et al., 2008). Elucidating the road
network impacts on the functional connectivity is also critical for effective conservation
strategies (Mimet et al., 2016).
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To better understand the potential of corridors for improving regional landscape connec-
tivity in this study area, the goals of our study are to 1) identify the potential corridors for
multiple territorial species in Xishuangbanna using the modified circuit theory; 2) recognize
the key corridors and discern the key bottleneck locations based on the priority ranking of
the appropriate unbiased current density map as well as the road network; 3) evaluate the
protection efficiency of existing National Nature Reserves and planned corridor areas for
key corridors.

2 Materials and methods
2.1 Study area

Xishuangbanna (21°09-22°36'N, 99°58'-101°50’E) Dai Autonomous Prefecture, located at
the southernmost point of Yunnan Province, has an area of approximately 19,120 km?. It
borders Laos and Myanmar, and the elevation is 474-2429 m above sea level with many
hilly areas. The Lancang River flows through this region from north to south (Figure 1).
Because of the tropical monsoon climate, Xishuangbanna covers the largest area of tropical
forest in China and has numerous species and high biodiversity. In this area, five National
Nature Reserves, namely, Mengyang, Mengla, Shangyong, Menglun, and Mangao, have
been established to protect local animal and plant resources since the 1950s.
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Figure 1 Location of the study area
2.2 Identifying the unbiased current density map

Circuit theory provides an effective method to identify environments for the survival of
wildlife by considering all possible dispersal pathways (Howey, 2011). The potential corri-
dors recognized by the unbiased current density map represent different opportunities for
animals to move through heterogeneous landscapes. To predict the corridors through the
application of circuit theory and reduce edge effects, the buffer zone of the study area and
the resistance surface should be created first. Three factors are addressed in the process of
developing the resistance surface.

Land cover. The land use layer analyzed in our study was downloaded from GlobeLand30
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(2010) (GLC), which was launched by the National Geomatics Center of China (http://www.
globallandcover.com/ GLC30Download/index.aspx). The 30-m GLC data had 10 classes,
seven of which were included in our study area, namely, cultivated land, forest, grassland,
shrubland, wetland, water bodies, and artificial surfaces.

Roads. Roads data were obtained from the OpenStreetMap (http://www.openstreetmap.
org/#map=>5/12.361/113.247) and reclassified into three levels: first-level road (primary
roads, motorways and service roads), second-level roads (secondary roads and trunks), and
third-level road (trails, footways, paths and remaining unclassified roads).

Terrain features. The Terrain Ruggedness Index (TRI) was chosen to characterize the ter-
rain features and was calculated with the help of QGIS software based on the DEM data ob-
tained from Consortium for Spatial Information (http://srtm.csi.cgiar.org/SELECTION/ in-
putCoord.asp).

According to the study of Koen et al. (2014), in order to acquire the unbiased current
density map, a 35 km wide buffer zone, namely, the 20% width of the entire zone, was cre-

ated around the study area. Fur-

Table 1 The assignment of permeability values
£ P Y thermore, 15 random nodes that

Factors Variables Permeability were assumed as habitat patches
Land use Cultivated land 100 were selected at the edge of the
Forest 1000 buffer zone. To create resistance

Grassland 1000 layers (the value of resistance is the

Shrubland 1000 reciprocal of permeability), the

Wetland 1000 permeability of the above men-

tioned variable was assigned to be

Water body 10 one of three degrees, 1000 (ani-

Artificial surface 10 mals could freely pass), 100 (dif-

Roads First level 10 ficult for animals to pass but not
Second level 100 impossible), and 10 (impossible

Third level 1000 for animals to pass), according to

Terrain feature 0<TRI<S 1000 previous relevant studies (Eide et
S<TRI<10 100 al., 2000; Feng et al., 2010; Koen

TRI10 0 et al., 2014; Ruiz-Gonzalez et al.,

2014) (Table 1).
Layers of different factors were weighted equally and were added in ArcGIS 10.0 to cre-

ate the buffered resistance surface, which was further resampled at 90 m % 90 m by choosing
the NEAREST option (which performs a nearest neighbor assignment) in ArcGIS for the
sake of facilitating the computation in the Circuitscape software 4.0. The cumulative current
density was calculated using the pairwise mode with eight neighboring cells and used 1 am-
pere (1A) as the initial input. To focus on the study area, the buffer zone was then removed
after the unbiased current density map was produced. We collected 303 points for Asian
elephants and 24 points for green peacock (Pavomuticus) by digitizing the distribution maps
in the range of permitted errors according to previous studies (Lin et al., 2011; He et al.,
2014; Lin et al., 2014). Then, we compared the current density at random points to actual
observations to assess whether animals are using areas that we identified as the movement
corridor. The relationship between these two types of points was determined and their mean
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current densities were quantified using z-test analyses in SPSS 18.0.
2.3 Ranking corridor priorities and discerning key block points

The most common way to rank the grid data is directly classifying them based on the quan-
tity order (Myers and Mittermeier, 2000; Anderson et al., 2009). However, Zonation model
can consider the importance of all cells at the scale of the study area and offer a fea-
ture-specific representation loss curve (Lehtomidki and Moilanen, 2013). Software Zonation
4.0 was applied to rank the pixel-level current density map in our study. It iteratively re-
moves a given number of cells from the landscape in accordance with the minimization of
marginal loss. This method is widely used to recognize conservation priorities considering
multiple features (Moilanen et al., 2011; Lehtoméki and Moilanen, 2013). Here, we consid-
ered only the current density and chose the additive benefit function removal rule to priori-
tize the potential corridors in Xishuangbanna. The top 20% of the ranking values were ex-
tracted and defined as the key corridors in our study.

In addition, key block points (i.e. the intersections of the key corridor and the road buffer)
influenced by the road were discerned. The road buffer (100 m per side) was created and
transformed into 100 m x 100 m grids using the Fishnet and Clip tools in ArcGIS. Key block
points were determined with a pre-defined rule according to local conditions (Figure Al).
These points would impede species from easy movement, and also played an important role
in restoring regional landscape connectivity.

2.4 Assessing the protection of existing protected areas

The statuses of five National Nature Reserves and three planned corridor areas were further
analyzed in terms of corridor protection based on the distribution of key corridors. Priority
corridors in each reserve were extracted by the overlay method in ArcGIS to clearly and in-
tuitively show the corridor distribution, and the proportions of different ranking levels of
corridors within the reserves were also compared. Furthermore, we collected the planned
corridor areas which are going to be constructed or in the construction period between the
National Nature Reserves, and overlaid the zones of corridor areas with key corridors to as-
sess the protection effectiveness of regional corridor network, identify the protection gaps,
and propose some advices.

3 Results
3.1 Distribution of key corridors and key block points

Based on the resistance surface, unbiased current density maps were produced, which can
appropriately represent the spatial distribution of potential corridors (Figure 2). Red sections
are the potential corridors, whereas the blue areas are the unsuitable areas for species migra-
tion. The higher the current density, the greater the chances of species use. The cumulative
current density ranged from 0.002 A to 0.342 A, and the average value was 0.041 A. Obvi-
ously, there were many potential corridors distributing throughout the study area and a ma-
jority of them were outside the established National Nature Reserves. The current map was
validated by the actual location points for Asian elephants and Green peafowl via ¢-test
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(These distribution points were digitized in ArcGIS based on the previous studies of others,
and the error was strictly controlled). The results showed that the current map was signifi-
cantly correlated with actual location points for both Asian elephants and Green peafowls
(elephants: # = 3.92, P < 0.001; peafowl: ¢t = 3.68, P < 0.001). Furthermore, for Asian ele-
phants, the mean current density for the random points and actual locations were respec-
tively 0.040A, 0.049A; for Green peafowls, the corresponding average values were 0.041A
and 0.065A (Figure 3).
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Figure 2 The appropriate current density map for multiple species in Xishuangbanna
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Figure 3 Locations of local representative species

The Zonation offers a current-specific representation loss curve to help us understand the
distribution change of current feature. Although the meaning of a single-feature performance
curve is limited, we discover that the current distribute unevenly in the study area, and
nearly 45% of the current density remains when 80% of the landscape is lost (Figure 4). The
key corridor which was approximately 20% of the landscape accounted for nearly half of the
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tion projects
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Figure 4 The current-specific curve derived from basic
The percentage of the top 50% corridors Zonation output

in nature reserves in descending order was Mangao (98%), Shangyong (86%), Menglun
(72%), Mengla (57%), and Mengyang (52%). Key corridors accounted for less than 30% of
the nature reserves, expect for Mangao, where key corridors accounted for 47% of the local
area (Table 2). The large images of the key corridors of different nature reserves were dis-
played in Figure A2. Although these reserves were established because of protection priori-

ties, they protected only 17% of the key corridor areas in Xishuangbanna.
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Figure 5 Ranking result of corridors derived from the Zonation analysis (a). The top 20% of the potential cor-
ridors which were viewed as key corridors and the block points were marked as green points (b). Those marked
with numbers were farmland block points.
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The planned corridor areas performed well in the key corridor protection, some of them in-
deed protected the key corridors that have a special position (Figure 6). The Xiaoheiji-
ang-Chawashuhe Area efficiently focused on the key corridors, of which the both sides are
poor in providing potential corridors. Furthermore, Chawangshuhe-Mengla Area was too
important to guarantee the concentrated key corridors away from being destroyed and im-
proved the protection system of Mengla Nature Reserve. For Mengla-Shangyong Area, the
inner corridor situation was worse than the other corridor areas; in other words, the alterna-
tive corridors inside Mengla-Shangyong Area were much more less and need more atten-
tions.

Table 2 Proportions of potential corridors for different ranking levels in each national nature reserve (%)

Corridor ranks Mengyang Mengla Shangyong Menglun Mangao
<50% 48.3 43.5 13.8 28.3 2.3
> 50% 51.7 56.5 86.2 71.7 97.7
> 80% 21.3 (6.3) 19.6 (5.9) 29.3 (2.6) 23.1(0.7) 46.6 (1.2)

Percentage of total

key corridors 4.6 7.2 3.7 0.8 0.9

Note: Numbers in brackets are the proportions of the total key corridors of the whole study area. Other numbers only
considered the corridors within each reserve. “> 80%” in this table means the same with “top 20%”.
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[ National nature reserve
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10809
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Figure 6 The comparison of planned corridor areas and key corridors

4 Discussion
4.1 Advantages and challenges of the study methods

In the study of Koen ef al. (2014), the current density maps with different buffer widths of
the study area were compared to eliminate the bias of the node position, and the maps with
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different numbers of the random nodes located along the buffer edge were also compared.
As a case study, we used 15 random nodes to produce the unbiased current density map
when the buffer width of the study area is approximately 20% of the study area size which is
also considered to be wide enough to remove border effects. Therefore, to verify the appli-
cability of this method in our study area, we conducted scenario analyses (for each scenario,
two trials were conducted), placing different random nodes (5, 10, 15, 20, 25, and 50 nodes)
around the perimeter zone of the buffered resistance area, and compared the result of each
case by the Pearson’s correlation coefficient that was calculated in the SPSS software (Fig-
ures 7 and A3). The correlation coefficients between two trials showed that the current map
in the context of 15 nodes had a relatively stable performance. Furthermore, the coefficients
between the results of 50 nodes and those with fewer nodes exhibited a significant increase
since the scenario of 15 nodes, ranging from < 0.9 to > 0.9, obviously indicating that 15
random nodes were necessary to obtain the appropriate unbiased current density map.
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Figure 7 Comparisons of correlation coefficients between the first and second trials with the same number of
nodes (a); correlation coefficients between 50 nodes and fewer nodes number (b)

Consequently, based on the improved approach of Koen et al. (2014), we achieved the
appropriate current density map which indicated the potential pathways for the multispecies
dispersal for the first time in Southwest China. Based on the unbiased current density map, it
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is necessary to identify the key corridors which need the priority conservation. Therefore,
we ranked the corridor priorities using the Zonation software, and further identified the key-
block points as well as the corresponding land uses. Key corridors derived from ranking pri-
orities in Zonation software represent the areas that could provide regional-scale landscape
connectivity within the region of Xishuangbanna. These corridors could contribute substan
tially to local biodiversity conservation and dispersal distribution prediction given the accel-
erated changes in land uses (Breckheimer et al., 2014; Belote et al., 2016).

However, there are some challenges we face in discerning the corridor network for mul-
tispecies. The circuit theory is connected to random walk theory which assumes that the
species movement belongs to the random choice according to the surrounding circumstances
(McRae et al., 2008). This assumption may ignore some movement details: sometimes the
species will select the migration or dispersal pathways which they are familiar
with based on past knowledge of the environment or some indicative plants. Another prob-
lem is that the current map identified by the Circuitscape software without incorporating
maximum dispersal distance thresholds cannot distinguish the specific contribution of each
pathway to currently dispersal (Lechner et al., 2015). Some species are sensitive to some
specific impact factors and may need sensitivity analysis; for the construction of the specific
corridor, the actual conditions of the focused region should also be considered. Nevertheless,
the corridors for multispecies, though including some redundant ones, make more sense in
maintaining the regional landscape connectivity and are useful for identifying areas for fu-
ture conservation and restoration. And if the corridors of some targeted animals are planned
to be constructed in local areas based on the regional multispecies dispersal corridors, more
empirical researches will be needed to further improve the final results.

4.2 TImpacts of human activities on key corridors

Given that there are large areas of forestland (including the artificial forest), key corridors
are widely distributed in Xishuangbanna. From Figure 5 we can see that corridors with high
priority levels are mainly distributed in the places where intensive human activities exist.
These areas have low levels of terrain roughness, and are probably always preferred by both
humans and wildlife. Although some of these areas are mainly occupied by artificial forests,
they could still provide opportunities for species movement (Brockerhoff et al., 2008; Liu et
al., 2014). In Xishuangbanna, Asian elephants might sometimes appear in the area (e.g. the
farmland) that is not suitable for them to habitat, and studies have found that Asian elephants
may invade the farmland from time to time, which aggravates the human-elephant conflict
(He et al., 2014; Chen et al., 2016).

It is a known fact that corridors facilitate the exchange and interactions among the patches
for the terrestrial animal (Tewksbury et al., 2002; Gilbert-Norton et al., 2010). Therefore, if
roads cut the network of corridors, the corridors will not perform fully and impede animal
from migrating further (Gurrutxaga and Saura, 2013; Loro et al., 2015). The identified block
points should be given special attentions. Although these points could have a big chance to
be used by animals to migrate, they cannot efficiently support this kind of activity as it is
because of the road disturbance. Protection and rational utilization of these bottleneck areas
would reduce the mortality of migratory species when they cross roads (Forman and De-
blinger, 2000, Eigenbrod et al., 2009). Over-pass or under-pass tunnels built around the
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block points could greatly contribute to the permeability of the environment for wildlife
(Mimet et al., 2016). The changes of farmland key points into forestland or grassland also
facilitate the construction of movement areas and reduce human impacts. This type of resto-
ration could contribute much to the improvement of regional landscape connectivity.

4.3 TImplications of future conservation management

The established national nature reserves, representing positive protection measurements,
protected only 16.6% of the key corridors and more than half of their internal potential cor-
ridors belonged to the top 50% based on priority ranking. Thus, the existing nature reserves
play a limited role in the maintenance of regional key corridors. Details of the distribution of
key corridors in each reserve provided a better understanding of their inner landscape con-
nectivity. The conservation of key corridors in these reserves can maintain the integrity of
the whole corridor network at regional scale. The maintenance of corridors within the na-
tional nature reserve not only offers species short-term opportunities for dispersal or forag-
ing, but also guides the planning framework for land use and maintains landscape integrity
in heterogeneous environments (Bennett, 2003; Shen et al., 2014). However, appropriate
extensions of corridor outside the reserves in some cases would increase the conservation of
regional landscape connectivity. The areas with intensive corridors outside of the natural
nature reserves deserve more concern, as protection of these areas could establish a more
efficient reserve network among existing reserves. Although the three planned corridor areas
can protect some key corridors among National Nature Reserves, there are still many mul-
tispecies corridors remained to be protected. For instance, the key corridors between Mengla
and Menglun reserves are abundant but without the efficient protection right now. Further-
more, key corridors in the northern and western regions could maintain the dispersal pattern
of terrestrial animals and need more concerns though they are not directly related with the
national nature reserves.

For some species, the cost-based corridors may not perform effectively compared to field
camera tracking data (LaPoint et al., 2013). However, this problem exists in most corridor
models, which could be improved by incorporating monitoring data in the future research.
Because of the data limitation, only three factors were considered in our study to model the
regional corridors. Future research on further refining the regional corridor network or fo-
cusing on one or two specific species should include more elements, such as water sources
and human population density. Although our study focused on the broader corridor network,
it was a successful beginning in the identification of key corridors for biodiversity in
Xishuangbanna. Spatial distribution of unbiased regional corridors not only offers distinctive
additions to further smaller-scale studies (like “reserve planning” or “corridors restoration
among small patches”), but also aids in sustaining the regional biodiversity and landscape
connectivity. In this study, we identified the land use percentage of block points. For each
corridor block points, a very detailed condition could be derived and different parties could
be involved. As such, further work on corridor planning may be accomplished by modeling
and monitoring, in addition to the government policy and local farmer opinions. In summary,
cooperation among research institutes, governments, and local farmers are needed to address
the issues related to the conservation in Xishuangbanna.
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5 Conclusion

We used circuit theory to predict multispecies corridors in Xishuangbanna, southwestern
China following an improved method of Koen et al. (2014). The appropriate unbiased cur-
rent density map identified by the Circuitscape model represents the potential corridors for
multispecies movement. In addition, key corridors identified by pixel-based priority ranking
reveal the regional landscape connectivity for multiple terrestrial animals more or less. The
key crossing areas associated with road network disturbance are also recognized based on
the structure of current flow, which are important in the restoration of landscape connec-
tivity and can be the alternative sites of the construction of pass tunnels. Furthermore, the
protection efficiency of the national nature reserves and planned corridor areas for key cor-
ridors cannot be ignored. The corridor conservation is taking shape in Xishuangbanna. How-
ever, it is still in the primary phase, and there are many remaining key corridors need to be
protected appropriately.

In Xishuangbanna, the key corridor network will address the critical landscape element
for restoring species movements and determine whether existing protected areas are effec-
tive for the functional connectivity. Approaches we used to recognize corridor priorities are
universally applicable in county-level regions, and our results have wide applicability in
regional landscape in Xishuangbanna and elsewhere in the world where planning and biodi-
versity conservation are needed.
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Appendix

Top 20%
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Figure A1 Top 20% of the potential corridors were extracted and classified into two levels (0.8-0.9 and 0.9-1).
The block points were marked as the green points according to following standards (these standards must be sat-
isfied at the same time):

All the intersections should locate at top 10% area (0.9-1).

There should be at least 5 top 10% grids in a 3 % 3 road grid which surrounds the target intersection.

Compared with the situation in the 3 x 3 road grid, it is supposed to increase at least 1 key corridor grid that be-

longs to top 20% in a 4 x 4 road grid which includes the compared 3 x 3 road grid.
Any two intersections are at least 400 m apart.
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Figure A2 Details of the distribution of key corridors (top 20%) in each reserve (Mengyang, Mengla, Shan-
gyong, Menglun, Mangao) were shown respectively. The key corridors distributed evenly within the scope of
Mengyang and Mengla nature reserves, while the key corridors exhibited much more clear structures in the other
three reserves. These areas recognized as key corridors at the scale of Xishuangbanna play a critical role in bio-
diversity protection for sub-reserve management.
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Figure A3 Different scenarios — 5 nodes, 10 nodes, 15 nodes, 20 nodes, 25 nodes and 50 nodes — were shown as
the order alphabetic characters (from “a” to “f”). (i) and (ii) represent the first trial and the second trial respec-
tively which were under the same nodes number. The differences among these current density maps can be intui-
tively compared.
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