Habitat suitability and connectivity inform the co-
management policy of protected area networks for
Asian elephants in China (#33037)

First revision

Editor guidance
Please submit by 26 Jan 2019 for the benefit of the authors (and your $200 publishing discount).

Structure and Criteria
Please read the 'Structure and Criteria' page for general guidance.

Custom checks
Make sure you include the custom checks shown below, in your review.

Image check
Check that figures and images have not been inappropriately manipulated.

E Raw data check
Review the raw data. Download from the materials page.

Privacy reminder: If uploading an annotated PDF, remove identifiable information to remain anonymous.

Files 1 Tracked changes manuscript(s)
Download and review all files 1 Rebuttal letter(s)
from the materials page. 3 Figure file(s)

1 Table file(s)

2 Raw data file(s)

@ Custom checks Field study

Have you checked the authors field study permits?

Are the field study permits appropriate?

For assistance email peer.review@peerj.com



https://peerj.com/submissions/33037/reviews/431201/materials/
https://peerj.com/submissions/33037/reviews/431201/materials/
https://peerj.com/submissions/33037/reviews/431201/materials/#question_51
mailto:peer.review@peerj.com

Structure and 2
Criteria

Structure your review
The review form is divided into 5 sections. Please consider these when composing your review:

1. BASIC REPORTING

2. EXPERIMENTAL DESIGN

3. VALIDITY OF THE FINDINGS
4. General comments

5. Confidential notes to the editor

You can also annotate this PDF and upload it as part of your review

When ready submit online.

Editorial Criteria
Use these criteria points to structure your review. The full detailed editorial criteria is on your guidance page.

BASIC REPORTING EXPERIMENTAL DESIGN
Clear, unambiguous, professional English Original primary research within Scope of
language used throughout. the journal.
Intro & background to show context. Research question well defined, relevant
Literature well referenced & relevant. & meaningful. It is stated how the

research fills an identified knowledge gap.
Structure conforms to Peer] standards, 9€ 9ap

discipline norm, or improved for clarity. Rigorous investigation performed to a
high technical & ethical standard.

Figures are relevant, high quality, well
labelled & described. Methods described with sufficient detail &

. . information to replicate.
Raw data supplied (see Peer] palicy). P

VALIDITY OF THE FINDINGS

Impact and novelty not assessed. Speculation is welcome, but should be
Negative/inconclusive results accepted. identified as such.

Meaningful replication encouraged where
rationale & benefit to literature is clearly
stated.

Conclusions are well stated, linked to
original research question & limited to
supporting results.

Data is robust, statistically sound, &

controlled.


https://peerj.com/submissions/33037/reviews/431201/
https://peerj.com/submissions/33037/reviews/431201/guidance/
https://peerj.com/about/author-instructions/#standard-sections
https://peerj.com/about/policies-and-procedures/#data-materials-sharing
https://peerj.com/about/aims-and-scope/
https://peerj.com/about/aims-and-scope/

Standout
reviewing tips

'

The best reviewers use these techniques
Tip

Support criticisms with
evidence from the text or from
other sources

Give specific suggestions on
how to improve the manuscript

Comment on language and
grammar issues

Organize by importance of the
issues, and number your points

Please provide constructive
criticism, and avoid personal
opinions

Comment on strengths (as well
as weaknesses) of the
manuscript

Example

Smith et al (] of Methodology, 2005, V3, pp 123) have
shown that the analysis you use in Lines 241-250 is not the
most appropriate for this situation. Please explain why you
used this method.

Your introduction needs more detail. | suggest that you
improve the description at lines 57- 86 to provide more
justification for your study (specifically, you should expand
upon the knowledge gap being filled).

The English language should be improved to ensure that an
international audience can clearly understand your text.
Some examples where the language could be improved
include lines 23, 77, 121, 128 - the current phrasing makes
comprehension difficult.

1. Your most important issue

2. The next most important item
3. ..

4. The least important points

I thank you for providing the raw data, however your
supplemental files need more descriptive metadata
identifiers to be useful to future readers. Although your
results are compelling, the data analysis should be
improved in the following ways: AA, BB, CC

I commend the authors for their extensive data set,
compiled over many years of detailed fieldwork. In addition,
the manuscript is clearly written in professional,
unambiguous language. If there is a weakness, it is in the
statistical analysis (as | have noted above) which should be
improved upon before Acceptance.



Peer]

Habitat suitability and connectivity inform the co-
management policy of protected area networks for Asian
elephants in China

Cheng Huang “? , Xueyou Li ! , Laxman Khanal * , Xuelong Jiang ™ !

1 Kunming Institute of Zoology, Chinese Academy of Sciences, Kunming, China
2 Kunming College of Life Sciences, University of Chinese Academy of Sciences, Kunming, China

3 Central Department of Zoology, Institute of Science and Technology, Tribhuvan University, Kathmandu, Nepal

Corresponding Author: Xuelong Jiang
Email address: jiangxl@mail.kiz.ac.cn

Enlarging protected area networks (PANSs) is critical to ensure the long-term population
viability of Asian elephants (Elephas maximus), which are globally impacted by habitat loss
and fragmentation. Strict policies aimed at enlarging PANs have largely failed due to
difficulties in meeting the habitat requirements of Asian elephants and persuading the
participation of stakeholders. A co-management policy that promotes sustainable resource
use and multilateral participation may have greater feasibility than strict policies in
enlarging PANs in a “developing” world. Here, we elucidated this issue from the
standpoints of elephant habitat suitability and socio-economic background of the habitat.
We (1) identified suitable Asian elephant habitat using maximum entropy modeling
(MaxEnt) and (2) examined whether habitat suitability was indirectly associated with local
economic development. We found that (1) Asian elephants preferred forest matrix habitats
with multiple land uses (50% natural forest cover) rather than intact forests and roamed in
proximity to human settlements (mean distance 2 km) and (2) habitat suitability and local
economic development were negatively associated (p=0.04). Thus, our results indicate
that co-management demonstrates better feasibility than the strict approach for the
expansion of PANs. Additionally, our MaxEnt results provide information for elephant
corridor design in China.
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Abstract I have failed largely I

Enlarging protected area networks (PANSs) is critical to ensure the long-term population viability
of Asian elephants (Elephas maximus), which are globally impacted by habitat loss and
fragmentation. Strict policies aimed at enlarging PANs have largely failed due to difficulties in
meeting the habitat requirements of Asian elephants and persuading the participation of

stakeholders. A co-management policy that promotes sustainable resource use and multilateral
participation may have greater feasibility than strict policies in enlarging PANs in a
“developing” world. Here, we elucidated this issue from the standpoints of elephant habitat
suitability and socio-economic background of the habitat. We (1) identified suitable Asian
elephant habitat using maximum entropy modeling (MaxEnt) and (2) examined whether habitat
suitability was indirectly associated with local economic development. We found that (1) Asian
elephants preferred forest matrix habitats with multiple land uses (50% natural forest cover)
rather than intact forests and roamed in proximity to human settlements (mean distance 2 km)
and (2) habitat suitability and local economic development were negatively associated (p=0.04).
Thus, our results indicate that co-management demonstrates better feasibility than the strict
approach for the expansion of PANs. Additionally, our MaxEnt results provide information for
elephant corridor design in China.

I is more feasible I

Introduction

Protected area networks (PANs), which are comprised of core protected areas (PAs) and
corridors, are the cornerstones for safeguarding and maintaining contiguous habitat for wildlife
dispersal, migration, and gene flow (Wilson & MacArthur, 1967, Bennett & Mulongoy, 2006,
Geldmann et al., 2013). PANs are targeted to cover 17% of global land by 2020 (Joppa & Pfaff,
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41 2009) and forecast to reach 15%-29% by 2030 (McDonald & Boucher, 2011). About half of PAs
42 are currently managed as socially exclusive landscapes by authorities similar to [UCN categories
43 -1V (McDonald & Boucher, 2011), namely, under strict policy. This practice generates three

44  concerns from conservationists. First, the habitat suitability in strict PAs might be overestimated
45 for some species or taxa due to lack of landscape heterogeneity (Wharton, 1968, Mudappa et al.,
46 2007, Evans et al., 2018). Second, strict PAs are often established in areas with intact primary

47 forest and low human pressure (Joppa & Pfaff, 2009, Acharya et al., 2017, Evans et al., 2018),
48 while fragmented primary and secondary forests in human-dominated landscapes are continually
49 eroded, leading to increased isolation of PAs and wildlife (DeFries et al., 2005, Laurance et al.,
50 2012). Third, the establishment of strict PAs and local economic development are commonly

51 regarded as competing issues by local stakeholders and so encouraging their participation is

52  difficult, especially in developing countries (Bennett & Mulongoy, 2006, McDonald & Boucher,
53 2011). A co-management policy potentially provides a more feasible means for expanding PANs
54  for a focal species or taxa in a human-dominated landscape (Zhang et al., 2006, Goswami et al.,
55 2014, Evans et al., 2018). This policy promotes sustainable resource use, wildlife conservation,
56  and participation of villagers and other stakeholders. | Above - Convincing justification for article |
57 South and Southeast Asia are global hotspots of biodiversity (Myers et al., 2000), but are areas in
58 which wildlife is increasingly threatened by human activities (Ceballos & Ehrlich, 2002, Hansen
59 etal., 2013). Agriculture and infrastructure expansions are among the most devastating threats
60 (Edwards et al., 2010, Hansen et al., 2013, Clements et al., 2014). Large animals are particularly
61 affected because of their considerable home range requirements (Ceballos & Ehrlich, 2002;

62 Robert et al., 2006) and extensive negative interactions with villagers (Acharya et al., 2017,

63 AsERSM, 2017). Asian elephants (Elephas maximus) are endangered and are flagship and

64 umbrella species in their native regions. Despite their importance in ecosystem function, culture,
65 and fundraising for wildlife conservation (Campos-Arceiz et al., 2008; Ritchie & Johnson, 2009;
66 Verissimo et al., 2011), only 29% of their distribution range is legally protected in 13 countries

67 (Hedges et al., 2008), and thus most Asian elephants persist in human-dominated landscapes
68 (Jathanna et al., 2015, Calabrese et al., 2017). Enlarging PANSs is a priority for the long-term
69 population viability of Asian elephants (AsERSM, 2017). However, economic development is
70  the current top priority in many regions, and thus expanding PANs for Asian elephants under
71  strict policy is likely to fail in human-dominated landscapes (Bennett & Mulongoy 2006, Zhang
72 etal., 2006, Evans et al., 2018) as well as fail to meet habitat requirements.

inhabit

73 Asian elephants are extreme habitat generalists and occur in primary and secondary forests,

74  scrubland, grassland, and farmland (Choudhury et al., 2008). They have very specific strategies
75  to utilize resources and avoid mortality risks according to socio-environments. For instance, the
76  Cangyuan population (20-23 individuals) in China mostly stays within a nature reserve (NR)
77 (520 km?) (Liu et al., 2016); the Mengla population (88-98) is located within a NR (1 239 km?)
78 and its periphery (Chen et al., 2013); the Menghai-Lancang population (15) and most of the

79 Xishuangbanna-Pu’er population (98—109) frequently use human-dominated landscapes (Fig. 1,
80 Zhang et al., 2015). Despite these differences, there is mounting evidence that Asian elephants
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Ineed supporting evidencel

are “forest-edge specialists” at the fine scale. However, strict PAs substantially reduce forest

regeneration by humans and fires (Nelson & Chomitz, 2011), resulting in intact closed forests,

which are less suitable for Asian elephants than moderately disturbed forests (Sitompul et al.,

2013, Evans et al., 2018, Wadey et al., 2018); for example, cleared land can exceed the optimal

forest stature for Asian elephants in just 17 years in tropical regions (Evans et al., 2018)I Not clear-revise I
On the other hand, Asian elephants are conflict-prone and often cause extensive loss to villages

by raiding crops, damaging property, and even killing people (Gubbi, 2012, Chen et al., 2016).

Villages in damage hotspots (or areas preferred by elephants) are typified by hilly terrain in

regions relatively far from major roads and where traditional farming is practiced (e.g., corn and

rice crops) within a forest matrix (Wilson et al., 2013, Chen et al., 2016). These areas are I villages, with I
generally less developed economically than villages with flat terrain that produce large cash-crop
plantations in proximity to major roads. Thus, alternative support for these villages is necessary

to encourage the participation of villagers to enlarge PANs for Asian elephants.

Here, we propose that co-management policy is more feasible than a strict policy for enlarging

PANSs for Asian elephants. This proposal is supported by two key pieces of evidence: (1) Asian

elephants would not prefer intact forests and roam in proximity of human settlements and (2)

habitat suitability and local economic development are negatively associated, in other words,

poorer village areas likely provide more suitable habitat for Asian elephants than relatively rich

villages. Our study provides useful information to guide conservation policy for enlarging PANs

and for corridor design in China.

Materials & Methods IAsian elephants roam near human settlements more often than in intact forestsl

Study area
This study was conducted within the range of the Xishuangbanna-Pu’er population in
Xishuangbanna and Pu’er, Yunnan, southwest China, bordering Vietnam and Laos (Fig. 1). This
population consists of five subpopulations, i.e., Liushun, Yunxian, Simaogang, Jiangcheng, and
Mengyang (Fig. 1). The region ranges from 495 m to 1 851 m above sea level, with an annual
mean temperature of 21 °C and annual precipitation of ~1 500 mm. Natural forests (mainly
subtropical evergreen broad-leaved forest) are fragmented by production forests (e.g., Pinus
kesiya and Eucalyptus spp.), cash-crop plantations (e.g., rubber, coffee, and tea), and traditional
farmlands (e.g., corn, rice, and sugarcane) (Chen et al., 2010). Three corridors (I, I1, and III)
connect the (a) Menghai-Lancang and Xishuangbanna-Pu’er population and (b) subpopulations
of the Xishuangbanna-Pu’er population (Fig. 1, Zhang et al., 2015). However, a hydro-power
dam raised the water level of the Mekong River, isolating the Menghai-Lancang population from
the Xishuangbanna-Pu’er population since 2005 (Chen et al., 2010). The study area includes 32
villages, each of which comprises several community settlements (251 in total). The primary
livelihoods rely on agriculture and agroforestry (Chen et al., 2010).

Methods
Data collection
In the confirmed range of the elephants, we collected data on the presence of Asian elephants
(i.e., dung pile and footprint) and ground-truth points (or control points) of land-cover along with

Iindustries areI

IWhat does this mean?l
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Dung piles and footprints within 20-m of the line transects
were recorded, with intervals of at least 200 m

| (Fig. 2; Liu etal., 2016) |
91 line transects (307 km) from December 2016 and March 2017, with the assistance of forestry
rangers. These line-transects were designed to traverse all types of land-cover (Fig. 1 and 2) (Liu
et al., 2016). Signs of presence were detected within a 20-m width of the line-transects and
recorded with at least 200 m intervals. Land cover was categorized into seven types (Chen et al.,
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2010): i.e., natural forest, pine plantation (i.e., Pinus kesiya), cash-crop plantation, shrubland,
traditional farmland, infrastructure site (e.g., settlements and roads), and water body (i.e., rivers,
reservoirs, and ponds).

We treated the per-capita annual income of villages as a proxy for economic development, with
higher incomes representing higher levels of economic development. We collected data from the
Digital Village of Yunnan (http://www.ynszxc.gov.cn/).

Data analysis

Analysis included five steps. First, independent variables were selected for habitat suitability
modeling. Second, a land-cover map was developed from remote-sensing images. Third, the
maximum entropy model (MaxEnt) was used to describe the occurrence probability of Asian
elephants and generate a habitat suitability map, after which the characteristics of suitable habitat
were summarized. Fourth, the possible negative association between habitat suitability and level
of economic development was examined. Fifth, a habitat resistance surface was used to simulate
the pathways of Asian elephants by least-cost and circuit models.

Independent variables How was it examined? Which statistic?

We initially selected 13 variables in three categories following Lin et al. (2015) and Liu et al.
(2016) (Table 1): i.e., geographic and topographic (altitude and terrain roughness index),
vegetation (distance to, edge density of, and percentage of natural forest, pine plantation, and
traditional farmland), and human disturbance (distance to town and distance to community
settlement).

Land-cover classification
We used Landsat 8 OLI TIRS images (30-m resolution from the Data Cloud of CAS,
http://www.csdb.cn/) to develop a land-cover map. We added ancillary layers to improve
classification accuracy (Wegmann et al., 2016), including ASTER GDEM grids (Data Cloud of
CAS), slope and its texture, and Normalized Difference Vegetation Index and its texture. We
performed supervised classification using the random forest algorithm with 25% of the control
points left to validate the classification (Leutner & Horning, 2016).

MaxEnt modeling

Among habitat suitability modeling with presence-only data, the MaxEnt maximum entropy
approach outperforms other existing models (Ferrier et al., 2006, Phillips et al., 2006). In
MaxEnt, pseudo-absence points are required to reflect the availability of environmental
conditions and discriminate presence points (Elith et al., 2011, Timm et al., 2016). We randomly
generated 10 000 pseudo-absence points in a background area. We defined the background area
as where Asian elephants might occur (113 km? buffer zone of the presence points) (Fernando et
al., 2008; Amirkhiz et al., 2018).

Inatural forest - calculated for pine plantation,l

How did you choose the shape of the buffer zone?
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Perhaps (H): Phillips et al., 2017)
optimized the

160 We followed the modeling workflow of Amirkhiz et al. (2018). First, we excluded the variables
161 that were highly correlated (|r| > 0.7) and contributed less than 5% to the model and then step-

162  wise selected the optimized B multiplier (0-15 by 0.5 intervals). Second, as MaxEnt calculates
163 five models for each independent variable, known as features (i.e., linear (L), quadratic (Q),

164 product (P), threshold (T), and hinge (H)) (Phillips et al., 2017), we selected the feature set of the
165 model by the lowest sample size corrected by Akaike Information Criteria (AIC) among “L”,

166 “H”, “LQ”, “LQT”, “LP”, “HP”, “LQP”, and “LQTP”, then used the optimized model to predict
167 a habitat suitability map. The prediction was evaluated by random partitioning 5-fold cross-

168 validation, threshold independent omission rate, and threshold dependent omission rate. Third, a
169 10% training presence threshold was used for delineating suitable from unsuitable habitat

170 (Escalante et al., 2013, Hughes, 2017), after which we summarized the characteristics of the

171  suitable habitat. The modeling was performed in R with MaxentVariableSelection and ENMeval
172  package (R Development Core Team 2013, Muscarella et al., 2014, Jueterbock, 2015).
173 Association between habitat suitability and level of economic development

174  In the study area, the annual income of a village is related to its altitude, terrain, and land-use

175 pattern, and thus may be indirectly associated with habitat suitability of Asian elephants. The

176 habitat suitability of a village for Asian elephants was calculated by averaging the habitat

177  suitability of community settlements, which was extracted by the locations of the community

178 settlements from the habitat suitability map. We used a linear regression model to examine the
179 direction and significance of the association between the habitat suitability of a village and its

180 level of economic development.
181 Pathway mapping

182 Least-cost and circuit models are two widely used approaches for corridor design (Ruiz-

183 Gonzalez et al., 2014, Wang et al., 2014). We simulated the pathways of Asian elephants by

184 least-cost and circuit models using Linkage Mapper and Circuitscape software (McRae & Shah,
185 2009; Wang et al., 2014; Mcrae et al., 2008), with the length and movement resistance of —

I which was extracted from the habitat suitability map using the I

186 least-cost pathways calculated. Resistance surface was calculated by one minus the habitat
187 suitability layer. The least-cost model was constructed with three core ranges, i.e., Mengyang,
188 Liushun and Simaogang, and Jiangcheng (Fig. 1). All presence points were used to produce a

189 connectivity map for the entire study area by the circuit model.
190 Results iShouId this be " Liushun, Simaogang and Yunxian" - or is Yunxian dropped from consideration?l

191 In total, we collected 245 Asian elephant presence points. The overall accuracy of the land-cover
192 classification was 0.91.

193 The model with the lowest AIC had a B multiplier=1; linear, quadratic, threshold, and product
194  features (“LQTP”); and eight uncorrelated variables with a contribution of >5%, including

195 terrain roughness index, distance to town, community settlement, natural forests, and traditional
196 farmlands, and percentage of natural forest, pine plantation, and traditional farmland. The

197 percentage of natural forests (23%), distance to town (23%), and distance to community

198 settlement (16%) were the three strongest variables in predicting the occurrence probability of
199 Asian elephants.

Ithree variables that most strongly predictedl
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There was a significant negative correlation between the habitat suitability for
Asian elephants and the level of economic development (p=0.04)

200 In general, the model accurately discriminated presence points from pseudo-absence points

201 (mean area under the curve (AUC)=0.86). The low AUC difference (0.05) suggested that the
202 model did not over-fit the presence points. Threshold-dependent measures indicated that the
203 model had low over-fitting and high discriminatory ability at 10% omission rate (0.20) and

204 lowest presence threshold (< 0.001). The threshold value of the suitable habitat was 0.28. In our
205 study area, Asian elephants preferred forest matrix habitat with multiple land uses (50% natural
206 forest cover) rather than intact forest away from towns (mean distance 10 km), near community
207 settlements (mean distance 2 km), or flat terrain (mean terrain roughness index 4.83) (Fig. 2).
208 The habitat suitability of villages for Asian elephants was significantly negatively associated
209 Wlth the level Of economic development (p:004) On Fig. 3, the shortest path is #3 and the longest path is #2

210 he-least-cost-modelpredicted-three potential pathways-H2and-3)-connecting-the-three-eo

Vi

2894 O sre OTPd Wty 5 Z5 d
, —3)

242—theresistaneeswere-60F4and-Hrespeettvely-(Ftg—3). The circuit model predicted the habitat
213 connectivity pattern of the entire study area and pointed to potential corridors; for example,

214 pathway 1 connected the isolated subpopulations between Mengyang and Jiangcheng (Fig. 2 and
215  3).

216 Discussion I For elephants, habitat selection reflects a trade-off between I

217 Habitat selection reflects a trade-off for elephants between resource use and mortality-risk

218 avoidance (Munshi-South et al., 2008, Basille et al., 2009). The percentage of natural forest was

219 the strongest variable affecting the presence of Asian elephants. This finding is consistent with
220 previous study on the Cangyuan population in China (Fig. 1, Liu et al., 2016) and demonstrated
221  the substantial role of natural forests for Asian elephants in regard to providing food, refuge, anctl) oes this mean
222 thermoregulation (Kumar et al., 2010, Goswami et al., 2014, Evans et al., 2018). In particular,rig. 1 in this paper
223  our study revealed that Asian elephants prefer forest matrix habitats with multiple land uses or Fig. 1

224  rather than intact forest in human-dominated landscapes, which is supported by previous studies the 2016 paper?
225 (Sitompul et al., 2013, Evans et al., 2018, Wadey et al., 2018). Forest matrix and their edges Iforest edges (?)I
226 provide better light conditions for Ficus spp. and gramineous plants, which are primary natural

227 foods of Asian elephants (Chen et al., 2006, Sitompul et al., 2013, Wadey et al., 2018).

228 Furthermore, traditional farmlands around community settlements are attractive to the elephants,

229 with 68% of feeding sites found in such areas during the rainy season (Zhang et al., 2003). On

230 the other hand, elephants do suffer mortality at the hands of humans, both directly and indirectly,

231 from ditches, electrocution, and retaliatory killing (Chen et al., 2013; Palei et al., 2014;

232 AsERSM, 2017). Therefore, Asian elephants occurred less frequently in the proximity of towns

233 characterized by dense human infrastructure, plantations, and management (Fig. 2). Although we

234 focused on habitat selection patterns of Asian elephants in human-dominated landscapes, similar

235 patterns can be found in PAs and their peripheries. For example, the Shangyong and Mengla

236 subpopulations mostly inhabit the buffer and experimental zones of NRs and their peripheries

237 (Fig.1, Hongpei Yang pers. comm.). |In Fig. 2, it is difficult to see any infrastructure sites (red squares)|

238 Based on quantitative analysis and land-use practices, conservation efforts could be concentrated
239 on the predicted pathways. With the greatest length and largest movement resistance, pathway 2

Pathway 2 did not have the greatest length - Pathway 3 was longer
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IPathway 3 did NOT have the shortest length - Pathway 1 didI

Should "pathway 3" beI

Why is this

That area is NOT

ommunity-owned

240 was rarely utilized by Asian elephants based on long-term monitoring (Chen et al., 2010, Zhang
241 etal., 2015); despite having the shortest length, the resistance of pathway 3 was only slightly;
242  smaller than that of pathway 2 and traversed tracts of rubber plantations (Fig. 2), where "Pathway 3", etc.?
243 stakeholders are unlikely to restore contiguous natural habitat for Asian elephants; pathway 1
244  was most consistent with the connectivity pattern predicted from the circuit model and has the
245  shortest length and lowest resistance. Thus, the pathway 1 should be allocated higher
246 conservation priority than either pathway 2 or 3. Furthermore, we identified a key area (green
247 rectangle of Fig. 3) for connecting the subpopulations of Mengyang, Liushun, and Simaogang.
248 Our study provides more precise information for corridor design than Zhang et al. (2015) (see
249 Fig. 3), highlighting that transferring ecological niche models in PAs to human-dominated
250 landscapes might produce biased results for animals with high behavioral flexibility.
251 Specifically, sampling strategies biased to PAs with primary natural forests could produce biased
252  connective habitat to natural forests in human-dominated landscapes.  wny?
253 Habitat selection of Asian elephants is a complex issue and affected by many factors. Our study
254  is limited by our reliance on presence-only data to determine habitat suitability of Asian
255 elephants, from which the resistance layer for simulating pathways was generated. Detailed ~ wny?
256 movement data of the focus species could improve habitat suitability models and corridor design.
257 In China, PANs include NRs, world natural and cultural heritage sites, scenic zones, wetland
258 parks, forest parks, geological parks, and water conservancy scenic locations (Cao et al., 2015),
259 with NRs accounting for the largest proportion, occupying ~15% of national territory. Most NRs
260 are managed as socially exclusive landscapes (Zhang et al., 2006, Cao et al., 2015), including the
261 Xishuangbanna Nature Reserve (green area in Fig. 1). However, Asian elephants prefer forest green in Fig. 1
262 matrix with multiple land-use and are flexible to human disturbance. Conservation policies
263 allowing considerable interventions in NRs could enlarge Asian elephant habitat without great
264 loss of biodiversity. For example, selectively-logged forests appear to maintain ~90% of the Selectively logged
265 original biodiversity compared to primary forest (Berry et al., 2010, Brodie et al., 2014), and
266 retention forestry, whereby a proportion of original vegetation is left unlogged, further reduces
267 the negative impacts on biodiversity (Gaveau et al., 2013, Fedrowitz et al., 2014). Among NRs,
268 attention should be paid to protect community-own forests, which represent a major proportionc
269 of natural forests and are critical for the elephants (Kumar et al., 2010, Evans et al., 2018) and
270 other wildlife (Rodrigues et al., 2017, Rodrigues & Chiarello, 2018). In addition, integrating
271 traditional farmlands into PANs can fulfill human needs. Generally, villages more suitable for
272 Asian elephants are economically less-developed than less suitable villages. Thus, supporting
273 sustainable economic development and reducing Asian elephant damage are needed to encourage
274 human-elephant coexistence, and may include developing ecotourism, encouraging wildlife-
275 friendly products, and compensating damage 10ss. Generally, the less-developed villages are more suitable to

. Asian elephants than are the more-developed villages
276 Conclusions .
277 Asian elephants are globally affected by habitat fragmentation and loss. Thus, enlarging PANs is
278 atop priority for their conservation (ASERSM, 2017). Using presence data from an on-ground
279 survey in human-dominated landscapes combined with habitat suitability models, we found that:
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(1) Asian elephants preferred forest matrix areas with multiple land-uses rather than intact forests
in proximity to human settlements; and (2) habitat suitability and level of economic development
were negatively associated. From the standpoints of elephant habitat suitability and local socio-
economic background, these results demonstrated that co-management policy possess better
feasibility for enlarging PANs to protect habitat for Asian elephants in a “developing” world.
Such a policy would also be suitable for other areas with similar land-cover patterns and socio-
economic contexts, such as northeastern India and northern Laos (Kumar et al., 2010, Wilson et

al'; 20 1 37 ASERSM; 20 1 7) suggest that a co-management policy would be more feasible than the current policies
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Figure 1

Distribution range of Asian elephants in China and the study area.

The populations are represented by the tags of yellow (Xishuangbanna-Pu’er population),

blue (Cangyuan population), green (Menghai-Lancang population), and purple (Mengla

popU |ati0n). The Xishuangbanna-Pu'er populations are indicated by orange, not yellow
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Figure 2
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Habitat suitability map for Asian elephants in the study area.
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Figure 3

The least-cost path and habitat connectivity for Asian elephants calculated by the circuit
model in the study area.
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Table 1(on next page)

Variables selected in habitat selection model for Asian elephants
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1
Category Variable Data and calculation
Geographic and Altitude ASTER GDEM
topographic Terrain roughness index Calculated from ASTER GDEM in R
Vegetation Distance to: natural forest Calculated by “distance” function in R

Human disturbance

pine plantation
traditional farmland

Percentage of: natural forest
pine plantation
traditional farmland

Edge density of: natural forest
pine plantation
traditional farmland

Distance to: town
community settlement

Calculated in Fragstats by 1.5 km
radius from land cover map

Calculated in Fragstats by 1.5 km
radius from land cover map

Calculated by “distance” function in R
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