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Abstract

(1) Background: Since its introduction to China, PWD has caused severe damage to coniferous forests
in affected areas. Currently, the disease continues to expand towards the northwest regions, posing
a serious threat to the ecological security of Xinjiang. (2) Methods: This study utilized MaxEnt model
to predict the potential transmission areas of PWD and the potential suitable habitats of Monochamus
saltuarius. After coupling the results of both, the potential occurrence areas of PWD in Xinjiang were
ultimately determined. (3) Results: Human factors are the main driving forces behind the spread of
PWD, with activities in scenic areas and human impact factors playing a key role in transmission.
Altitude and Isothermality are the primary limiting factors for vector insects. Xinjiang has potential
occurrence areas of PWD, covering 88% of the total coniferous forest area in Xinjiang. (4) Conclusions:
Urumgqi City, Ili Kazakh Autonomous Prefecture, and the Altay Prefecture are high-risk areas for
PWD. This study clarifies the potential transmission routes of PWD and analyzes its high-risk areas,
providing a scientific basis for forestry and relevant departments to implement prevention and

control measures.
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1. Introduction

Pine wilt disease (PWD), is a systemic infectious disease caused by Bursaphelenchus xylophilus in
Pinus L. and some other coniferous species [1]. PWD in North America, but they did not cause
widespread death of native pine trees in their native habitat. However, after being first discovered
and reported in Japan in the 20th century, PWD rapidly spread globally and caused significant
damage, severely affecting coniferous forest resources in Asia and Europe to date [2,3], attracting
widespread attention and high priority from countries around the world [4]. Since China first
detected PWD in Nanjing in 1982 [5], the disease has now formed 577 epidemic areas in 18 provinces
(autonomous regions) of China, resulting in enormous economic and ecological losses.

PWD is transmitted by pathogen-carrying vector insects feeding on healthy host plants [6-11],
often leading to the blockage of pine conduction tissues, manifested as yellowing and browning of
needles, reduced resin secretion, and ultimately causing the wilting and death of pine trees [12]. In
China, Monochamus alternatus and M. saltuarius have been identified as vector insects of PWD [13].

Current research on PWD is mainly divided into two categories: control methods and
pathogenic mechanisms [1], among which prediction and forecasting are important components of
control studies. MaxEnt model quantifies species occurrence probabilities using specific algorithms
by combining historical distribution points of species with environmental variables [14]. Due to its
operational convenience and high prediction accuracy [15], it has been widely applied in predicting
potential occurrence areas of PWD. Gexi Xu et al. (2023) used the MaxEnt model to predict potential
occurrence areas of PWD in Lixian County (a non-infected area), providing important support for
subsequent control efforts [5]. Nuermaimaitijiang Aierken et al. (2024) utilized ensemble species
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distribution models (including MaxEnt model) to predict the potential distribution of PWD globally
from 2050 to 2080 [16]. Han Yangyang et al. and Liu Xiaomei et al. (2017), as well as Zhuoging Hao
et al. (2022), also employed the MaxEnt model to predict potential distribution of PWD across China,
Chonggqing, and Yichang City [17-19], demonstrating the flexibility of this model in spatiotemporal
scale applications for PWD prediction. However, MaxEnt model still has limitations: difficulties in
obtaining precise species distribution points and scarcity of large-scale impact factor data, all of
which may constrain the accuracy of predicting PWD occurrence areas [5,16].

Xinjiang is located in the northwest of China, with a unique topography of "three mountains
flanking two basins." The Tianshan Mountains, Altai Mountains, and Kunlun Mountains are home
to abundant coniferous forest resources [20], which play an irreplaceable role in water conservation
and soil protection in Xinjiang. Among these, the coniferous forests in the Tianshan and Altai
Mountains have been classified as moderately susceptible and highly susceptible, respectively, in
previous studies [21]. Additionally, M saltuarius is distributed in both the Tianshan and Altai
Mountains of Xinjiang [22]. Relevant studies indicate that M saltuarius is the primary vector for the
spread of PWD in northern China [23,24]. If PWD were to invade, it would rapidly spread through
M saltuarius at the entry point, ultimately leading to widespread death of coniferous trees in Xinjiang.
In 2021, The China National Forestry and Grassland Administration first announced the presence of
PWD in Gansu Province, a neighboring province of Xinjiang. However, as of now, there have been
no reports of PWD invasion or damage in Xinjiang (http://www .forestry.gov.cn). Nevertheless, PWD
remains a serious threat to Xinjiang's economic and ecological security [6]. Whether Xinjiang will
experience PWD has drawn attention from local forestry authorities and relevant departments.

As one of the regions in China currently not invaded by PWD, Xinjiang has always faced the
risk of invasion. In addition to natural factors, activities such as the construction of the "Silk Road",
increasingly frequent domestic and foreign trade, and the rapid development of Xinjiang's tourism
have increased the flow of people and goods in Xinjiang, greatly increasing the possibility of PWD
being introduced into Xinjiang. Considering the strategic significance of coniferous forests in Xinjiang
for water conservation and soil and water conservation, as well as the devastating damage caused by
PWD to coniferous forests, it is imperative to predict potential areas for PWD in Xinjiang. However,
as of now, there are still few research reports on the prediction of PWD in Xinjiang.

To address the shortcomings in predicting potential occurrence areas of PWD in Xinjiang,
explore its transmission mechanisms, and analyze high-risk areas, this study combines Xinjiang's
unique conditions, considering factors such as climate, human influence, vector insect activity, and
distance to Grade A scenic spots. Based on two spatial scales—China (prediction of potential
transmission areas for PWD) and Xinjiang (prediction of potential suitable habitats for M saltuarius)—
the study predicts current potential occurrence areas of PWD in Xinjiang. The aim is to clarify
potential occurrence areas, analyze transmission routes, and identify high-risk regions. This research
contributes to understanding the transmission mechanisms of PWD and provides scientific basis and
references for local forestry and relevant departments to formulate prevention strategies.

2. Materials and Methods

2.1. Overview of the Study Area

Xinjiang is located in the heart of Asia, in the northwest of China (N 34.25 ~49.17, E 73.33 ~96.42)
(Figure 1). With a land border of approximately 5,600 km, it borders 8 countries and covers a total
area of about 1.66 million km? (the largest provincial-level administrative region in China with the
most neighboring countries). It serves as a key hub for China's contemporary "Silk Road". Xinjiang
features a unique terrain described as "three mountains flanking two basins", with a forested area of
about 83,300 km? (including the Xinjiang Production and Construction Corps), a forest coverage rate
of 5.05%, and a forest stock volume of 445 million m? making its ecological environment relatively
fragile. Among these, the Altai Mountains, Tianshan Mountains, and Kunlun Mountains are rich in
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coniferous forest resources, accounting for over 97% of Xinjiang's total timber stock volume
(http://lcj.xinjiang.gov.cn).

The coniferous forests of the Altai Mountains are dominated by Larix sibirica Ledeb.,Picea obovata
Ledeb., Abies sibirica Korsh., and Pinus sylvestris (Loud.) Mayr. The Tianshan Mountains are primarily
covered by Picea schrenkiana var. tianschanica (Rupr.) W.C.Cheng & S.H.Fu, with L. sibirica Ledeb. also
found in the eastern Tianshan. The Kunlun Mountains are home to Juniperus centrasiatica Kom., J.
jarkendensis Kom., and J. pseudosabina var. turkestanica [20]. The coniferous forests in Xinjiang are
mostly natural forests, which hold significant ecological and economic value not only in Xinjiang but
also in China.
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Figure 1. Geographical Map of Xinjiang (1: Tarbagatay Prefecture. 2: Altay Prefecture. 3: Bortala Mongolian
Autonomous Prefecture. 4: Ili Kazakh Autonomous Prefecture. 5,6: Changji Hui Autonomous Prefecture. 7:
Urumgqi City. 8: Karamay. 9: Hami City. 10: Bayingolin Mongolian Autonomous Prefecture. 11: Turpan City. 12:
Aksu City. 13: Kizilsu Kirgiz Autonomous Prefecture. 14: Kashgar Prefecture. 15: Hotan Prefecture). Note:
Drawing review number: GS (2022) No0.4308 (unchanged) (the same below).

2.2. Presence Data

2.2.1. Acquisition of Distribution Sites for PWD

The China National Forestry and Grassland Administration undertakes functions such as
disaster early warning, guiding precise disaster prevention and control, and protecting and
maintaining ecological balance. Since 1990, China has launched the construction project of the forest
pest and rodent damage prediction and reporting network; in 2003, the State Forestry Administration
further carried out the census of harmful organisms and established a more comprehensive database
of forestry pests. The distribution information of PWD in this article is sourced from the disaster-
affected counties and districts published by The China National Forestry and Grassland
Administration over the years (http://www forestry.gov.cn).

According to the model requirements, each affected county was converted into coordinate point
data, and the coordinate points were adjusted to the corresponding small-scale coniferous forest plots
within the county (the small-scale coniferous forest plot data was generated by extracting coniferous
forest data from the China vegetation distribution map). Ultimately, 685 distribution sites were
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obtained (Figure 2) [16]. Compared with the method that uses the county centroid as the distribution
point, this method can effectively reduce model uncertainty [25,26].
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Figure 2. Distribution data of PWD.

2.2.2. Acquisition of Vector Insect Distribution Sites

The national vector insect data were sourced from The China National Forestry and Grassland
Administration, the Global Biodiversity Information Facility (https://www.gbif.org/), the National
Animal Collection Resource Center (http://museum.ioz.ac.cn/), the Field Identification Manual for
Forest Pests in Xinjiang, and published literature [27-33].

Since M. saltuarius primarily inhabits natural forest areas in Xinjiang, where frequent climate
changes and complex terrain make direct identification of its distribution points challenging, this
study utilizes the host plant distribution range of M. saltuarius as an alternative to its actual habitat
based on the distribution scope recorded in the Field Identification Manual of Forest Pests in Xinjiang.
A total of 72 distribution points were randomly selected (using the same methodology as for PWD
distribution points).
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Figure 3. Distribution of M saltuarius.
2.3. Environmental Variables

2.3.1. Environmental Variables Affecting the Spread of PWD

The transmission of PWD is classified into two categories: natural transmission and human-
mediated transmission [34]. Natural transmission includes the spread caused by vector insects
feeding on healthy trees, the movement of PWD itself, and the contact of infected wood roots [35,36].
Considering the contribution rate of natural transmission factors and data availability, this study
identifies vector-insect-affected coniferous forests as the natural transmission factor for PWD.

Human activities constitute the primary driver of PWD transmission. Accordingly, this study
incorporates anthropogenic impact factors (a weighted composite of road networks and residential
areas) (https://search.earthdata.nasa.gov/). Furthermore, given that improper cable management in
certain regions has previously established epidemic zones [37], and the rapid expansion of tourism
in Xinjiang has led to significant population mobility within scenic areas [38], the research also
integrates two anthropogenic transmission factors: the distance to power lines (https://github.com/)
and the proximity to A-level scenic spots (including those below 3A rating)
(https://data.beijing.gov.cn/).

2.3.2. Environmental Variables of M. saltuarius

Bioclimatic variables are climatic elements closely related to biological growth, development,
distribution, and ecosystem functions. This study downloaded 19 historical bioclimatic variables
(1970-2000) and altitude data with a 30-second resolution from the World Data Center for Climate
(https://www.worldclim.org/) for predicting the suitable habitat of M. saltuarius.

While studies have shown that wind speed affects the dispersal of M. saltuarius, thereby
accelerating the spread of PWD [39-41], this study has indirectly considered the dispersal effect
through vector insect influence, thus not introducing an additional wind speed factor.

2.3.3. Acquisition of Other Environmental Variables

Other environmental variables are mainly used to generate natural transmission factors,
including the 1km resolution China vegetation distribution map raster data (https://www.resdc.cn/)
(Table 1) in addition to distribution point data.
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Table 1. Data source .
Type Remark Form Source
Human Influence tif(1Km) https://search.earthdata.nasa.gov/ (accessed
Factor (1995-2004) on 2 April 2025)
Transmission variables of . https://github.com/
PWD power line shp (accessed on 25 April 2025)
Grade A scenic shp https://data.beijing.gov.cn/
area ] (accessed on 25 April 2025)
Bioclimatic

https://www.worldclim.org/

variables Hif(1Km) (accessed on 7 May 2025)

Environmental variables of (1970-2000)

M. saltuarius https://www.worldclim.org/

altitude AHf(1Km) (accessed on 7 May 2025)
ional
. Natlor%a https://www.resdc.cn/
miscellaneous data vegetation .shp

distribution map (accessed on 6 April 2025)

2.4. Methodology

The transmission, colonization, and spread of diseases typically require the simultaneous
fulfillment of four conditions: vector, pathogen, host plant, and suitable climate. However, existing
studies have demonstrated that PWD can occur when both the pathogen and host trees coexist [42],
with vector insects playing an irreplaceable role in its transmission, colonization, and damage [43].
Therefore, this study decomposes the prediction of potential occurrence areas for Xinjiang PWD into
two components: the prediction of potential transmission areas and the prediction of potential
suitable habitats for M. saltuarius. The outputs of these two components are given equal weight and
coupled to ultimately determine the potential occurrence areas of PWD.

2.4.1. Prediction Methods for Potential Transmission Areas of PWD

Currently, there are no ready-made data products on the natural transmission factors of PWD.
Therefore, this paper utilizes QGIS, China vector insect distribution sites, and China vegetation
distribution maps to create natural transmission factors, with the process as follows (Figure 4): Extract
coniferous forest data from the national vegetation distribution map and screen areas overlapping
with vector insect distribution sites. Yanging Liu et al. (2023) demonstrated in their study using
Fushun as an example that coniferous forests within a 2.4km radius of the epidemic area are mostly
affected [44]. Given the lack of research on short-distance spread of epidemic areas in Xinjiang, this
study uses a 2.4km buffer radius to screen coniferous forests influenced by the buffer zone. The
aforementioned coniferous forest data is overlaid with China vector maps, and a new value field is
added, assigning 1 to affected coniferous forests and 0 to unaffected ones (Note: The selection of
vector insect distribution points requires balancing the issue of excessive contribution due to too few
distribution points and insufficient contribution due to too many distribution points. Therefore, this
study integrates literature, books, PWD distribution points, and additional distribution point data
from various epidemic areas to ensure model accuracy).

For anthropogenic transmission factors, the publicly available datasets of anthropogenic impact
factors, power lines, and Grade A scenic areas were acquired, processed into raster data, and their
coordinate systems, pixel values, and boundaries (aligned with natural transmission factors) were
unified. Finally, all publicly available datasets were processed into the ASCII format required by the
model [45].
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https://doi.org/10.20944/preprints202601.0742.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 January 2026 d0i:10.20944/preprints202601.0742.v1

7 of 16

National Vegetation
Distribution Map

Coniferous Forests Distribution| Vector Insect
Data Distribution Sites

Data on Intersecting
Coniferous Forests

Forests With a Buffer Distribution Data

A
( Data on Coniferous { Coniferous Forests 1
Zone of 2.4km |

Coniferous Forests
Affected by Vectors

Natural Transmission
Factors of PWD

Figure 4. Natural transmission factor production process of PWD.

Given that PWD has not been detected in Xinjiang, this paper imported the historical occurrence
points of China PWD and the transmission impact factor data after treatment into MaxEnt model to
construct a potential transmission area model of China PWD, and then used QGIS to delineate the
potential transmission areas in Xinjiang. The model parameters were set as follows: 75% of the
distribution points were used as the training set, 25% as the test set, and the remaining parameters
were left default, with the results output in logistic format (file type.asc). To ensure model stability,
the model was run 10 times, and the average value was taken as the final result, which was then
visualized using the natural breakpoint method of QGIS reclassification.

2.4.2. Prediction Method of Potential Habitual Area of M. saltuarius

To reduce model multicollinearity [46], we first standardized data from 20 biological factors
(coordinate systems and pixel values) using QGIS, with boundaries defined by the administrative
map of Xinjiang. Subsequently, by integrating the distribution sites of M. saltuarius, we ran the
MaxEnt model (parameters consistent with PWD transmission area model) 10 times, eliminating
factors contributing less than 1%. Ultimately, 11 core influencing factors were selected, including
Mean Temperature of Warmest Quarter (Biol0), Annual Precipitation (Bio12), Precipitation of Driest
Quarter (Biol7), and Altitude (elev).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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The distribution points of M. saltuarius were imported into MaxEnt model along with the 11
factors mentioned above, and the results were visualized using QGIS with predefined parameters.

2.4.3. Evaluation of Model Accuracy

The jackknife was employed to analyze and determine the contribution rates of each influencing
factor. The model automatically generated a ROC curve, with the area under the curve (AUC) used
to evaluate model accuracy (AUC values range from 0 to 1, where higher values indicate greater
predictive accuracy). The evaluation criteria are as follows [43]: AUC < 0.6 is considered unqualified
(unreliable results); 0.6-0.7 is poor; 0.7-0.8 is moderate; 0.8-0.9 is good; and 0.9-1.0 is excellent.

2.4.4. Coupling Methods

The potential distribution area of PWD was obtained by superimposing the potential
distribution area of PWD and the potential suitable area of M. saltuarius with 1:1 weight.

3. Results

Previous studies suggested that Xinjiang was a non-risk area for PWD. However, the epidemic
zone announcement released by The China National Forestry and Grassland Administration revealed
that PWD continues to expand northwestward. This study identified the potential occurrence areas
of PWD in Xinjiang by coupling the potential transmission zones of PWD with the potential suitable
habitats of M. saltuarius.

3.1. Model Accuracy

The mean AUC values of the 10 runs for the potential transmission zone model of PWD and the
potential suitable habitat model of M. saltuarius were 0.944 (Figure 5-a) and 0.966 (Figure 5-b),
respectively, both meeting the 'excellent prediction accuracy' standard, indicating high reliability of
the results.

3.2. Visualization of Potential Transmission Areas for PWD and Contribution Rates of Various Factors

The MaxEnt model constructed based on four transmission factors revealed that PWD could
spread to Xinjiang, with high-potential transmission areas covering approximately 3,000 km?
(probability 0.5-1), medium-potential transmission areas around 7,000 km? (probability 0.27-0.55),
and low-potential transmission areas spanning about 54,000 km? (probability 0.1-0.27). All
prefectures and cities in Xinjiang were identified as potential transmission risks. Notably, the Kashgar
Prefecture, Aksu Prefecture, Ili Kazakh Autonomous Prefecture, Bortala Mongol Autonomous
Prefecture, Tacheng Prefecture, Urumgqi City, and Altay Prefecture exhibited higher and broader
potential transmission risks (Figure 8-a).

The contribution rates of transmission influencing factors for PWD were ranked from high to
low as follows: anthropogenic factors (40.4%), distance to A-grade scenic spots (30.6%), coniferous
forests affected by vector insects (27.8%), and distance to power lines (1.2%) (Figure 6-a).
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Figure 5. (a) ROC curve of potential transmission area of PWD; (b) ROC curve of potential occurrence area of M

saltuarius.
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Figure 6. (a) Contribution rate of transmission factors of PWN; (b) Contribution rate of influencing factors of M

saltuarius.

3.3. Contribution Rate and Visualization of Influencing Factors in Potential Habitats of M. saltuarius

After excluding factors with contribution rates below 1%,9 climate factors were eliminated from
the initial set of 20 variables, including Min Temperature of Coldest Month (Bio6), Temperature
Annual Range (Bio7), Mean Temperature of Wettest Quarter (Bio8), Mean Temperature of Coldest
Quarter (Biol1), Precipitation of Driest Month (Bio14), Precipitation Seasonality (Biol5), Precipitation
of Wettest Quarter (Biol6), Precipitation of Warmest Quarter (Biol8), and Precipitation of Coldest
Quarter (Bio19).

The results demonstrated that the core influencing factors for the suitable habitat of M. saltuarius
included Mean Temperature of Warmest Quarter (Biol0), Annual Precipitation (Bio12), Precipitation
of Driest Quarter (Biol7), Altitude (elev), Isothermality (Bio3), and Mean Temperature of Driest
Quarter (Bio9), with a combined contribution rate of 90.9% (Figure 6-b). This study established the
suitable habitat criteria for M. saltuarius using a 0.5 threshold, defining the optimal environmental
conditions as follows: Altitude 1797-2676m (Figure 7-a), Isothermality 0.25-0.29 (Figure 7-b), Mean
Temperature of Driest Quarter 17 to-13.1°C (Figure 7-c), Mean Temperature of Warmest Quarter
10.6-14.7°C (Figure 7-d), Annual Precipitation 232-679mm (Figure 7-e), and Precipitation of Driest
Quarter 7.6-13.7mm or 26-80mm (Figure 7-f).

The MaxEnt model constructed based on 11 climatic factors revealed that the potential suitable
habitat area for M. saltuarius in Xinjiang covers approximately 71,200 km?, including a high-suitable
zone of 24,000 km? (probability 0.5-1), a medium-suitable zone of 27,000 km? (probability 0.26-0.5),
and a low-suitable zone of 19,000 km? (probability 0.1-0.26). The visualization results indicate that
the high-suitable zone of M. saltuarius is more concentrated in the Altai Mountains (Figure 8-b).
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3.4. Visualization of Potential Occurrence Areas for PWD After Coupling

A 1:1 weighting was applied to the results of the potential transmission area of PWD and the

potential suitable habitat area of M. saltuarius, while the distribution map of coniferous forests in

Xinjiang was used to restrict the occurrence area. The final potential occurrence area of PWD was

obtained. The results showed that PWD can occur in Xinjiang, with the occurrence area accounting

for 88% of the total coniferous forest area in Xinjiang, and is mainly distributed in the Altai Mountains

and Tianshan Mountains (Figure 8-c).

According to the area ratio and spatial distribution of the high potential transmission area and

the high potential suitable area of the PWD, the Urumgqi City, the Yili Kazak Autonomous Prefecture
and the Altay Prefecture are the high risk areas of PWD, that is, PWD is likely to occur in these areas

and spread to other areas.
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Figure 7. (a) Elevation Response curve; (b) Isothermality Response curve; (c) Mean Temperature of Driest

Quarter Response curve; (d) Mean Temperature of Warmest Quarter Response curve; (e) Annual Precipitation

Response curve; (f) Precipitation of Driest Quarter Response curve.
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The findings of this study can provide scientific references for forestry and relevant departments

in Xinjiang, as well as offer new insights for predicting the occurrence of PWD in affected areas.

However, this study has limitations: due to objective constraints, there may be deviations in the

accuracy of vector insect distribution points, which could potentially have a minor impact on the

prediction results.

TSN s SO 90N 9500L: FEUNT. BT, ESO0E SN0 TN,
z N z z z
£ g z 5
== = &= g
1A | " B :
rd z 4 Z
= =3 Z - z
£ £ g 2

\\
2 Z 4 z
£ = z 5
£ 2 2" 2
g & & 2
= ’ ¢ Z z
S - b = Z - 3 =
Z o el 0 125 250 500 000 Z ; ey 0 125 250 500 750 1,000 2
= & : —— &
. - [_1Non Potential Suitable Zone
S ===2 National boundaries [ Non l’(.llcnlml Tm'nsr.msmun Zone . 5 = National boundaries [ Low Polential Suilabilily Zone o
& &= Provincial Boundary [ Lov:‘Rxsk T"""S"":is"’" Z‘"fe m— = £ |=== Provincial boundary ] Moderately Potential Suitable Zone | =
£ — = City Borde =1 M-a erale Pn‘lenlx. T]’ﬂ}lsfﬂlssll)]\ Zone | £ g |—-- City Border [ TTigh Potential Suitability Zone g
B High Potential Transmission Zong
] I 1
5NN HOOIE BSU0E NN, 95 00T, FEANT. BUOE BV ST SSUE:
(a) (b)
7500 ROFOOT: BT WF0NT, 9T, T BT, B0 WRNOT 9S00E
1 1 1 1 1
Z z 7 N 7z
== - = =3
s =4 2 - b 2
-
m?_,\
N 2 N
4 <
z z z ( ” ( z
= = = . .4 =3
29 [~ = =™ N, =2
& S & -2 . &
i"‘
& £ z Z
e s z =
g e 2™ =2
=z < e -1
Z z Z Z
Se - = S - b =
I 0 125250 500 750 1 bt Z 0 125250 500 750 1,000 b
i i o S
[_]|Non Patential Occurrence Zone ; :

. £=2% National boundaries [J/Low Potential Occurrence Zone 5 5 £==% National boundarics Power Line i
£ === Provincial boundary Mad. d Potential Oc one > - === Provincial boundary IS Coniferous Forest L=
2 g
g —-- City Border B High Polential Ocenrrence Zone g g —-- City Border 2

FEUIE w0 nu E §5" uu 3 ar uu E 95UE ZHO0E HUOE EUOE WNOE 9500 E

(0) (d)
Figure 8. (a) Potential transmission area of PWD; (b) Potential occurrence area of M saltuarius; (c)

Potential occurrence area of PWD; (d) Location and Distribution Map of Power Lines and Coniferous Forests.

4. Discussion

Identifying high-risk areas and transmission routes of PWD in Xinjiang is crucial for early
prevention and control. This study simultaneously considers the introduction and spread processes
of the disease, decomposing the prediction of potential occurrence areas into two components: the
prediction of potential transmission areas for PWD and the prediction of potential suitable habitats
for M. saltuarius. This approach better aligns with the actual differences in vector species and
significant climatic variations between Xinjiang and southern epidemic regions. The prediction
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results indicate that PWD may occur in Xinjiang, with most coniferous forests classified as potential
occurrence areas. Urumgi City, the directly administered areas of Ili Kazakh Autonomous Prefecture,
and Altay Prefecture are most likely to become the transmission sources of PWD in Xinjiang in the
future.

According to the announcement by The China National Forestry and Grassland Administration,
Xinjiang is one of the few regions in China where Pinaceae plants are distributed but not invaded by
PWD. However, outbreaks have occurred in Liaoning and neighboring Gansu provinces at the same
latitude (http://www .forestry.gov.cn). Whether the introduction of PWD to Xinjiang has raised
concerns among regulatory authorities and the public.

Although PWD has not been detected in Xinjiang, historical data on its occurrence across the
country indicate a continued expansion trend toward the northwest. PWD exhibits strong
environmental adaptability and has already caused damage in China's Qinling Mountains (high-
altitude areas) and Liaoning (cold regions) [19], with its suitable range continuously exceeding
previous understanding. Studies have shown that PWD can occur only when both host trees and
pathogenic nematodes coexist [42]. Vector insects are the core of short-distance transmission for PWD
[44], and their adaptability to local climate directly determines whether the disease can occur.

Previous studies have indicated that Xinjiang does not contain potential areas for PWD [17].
However, these studies only considered abiotic factors without accounting for biotic factors (such as
vector insects and human activities), which significantly impacts the accuracy of disease occurrence
prediction. The research by Nuermaimaitijiang Aierken et al. [16] yielded results similar to this
study's predictions. Nevertheless, since the study conducted global-scale predictions for PWD, it
lacks practical relevance for targeted guidance by Xinjiang's forestry authorities and has limited
practical value for future disease control in the region. This study focuses on potential occurrence
areas of PWD in Xinjiang, employing transmission and diffusion factors combined with occurrence
sites to predict potential transmission zones. Simultaneously, bioclimatic factors and the distribution
sites of M. saltuarius are utilized to predict its suitable habitats. By integrating both prediction results
to analyze potential distribution areas of PWD in Xinjiang, while considering both the possibility of
its introduction and subsequent spread, this method effectively predicts potential occurrence areas.
This approach holds direct value and significance for the prevention and control of PWD in Xinjiang.

This study reveals that human activities account for nearly 75% of the spread of PWD in
Xinjiang, consistent with previous research findings [38]. This confirms the validity of our data, with
human influence being the most significant factor —likely due to improper timber handling and
distribution [47]. The second most influential factor is proximity to Grade A tourist attractions. Most
scenic spots in Xinjiang feature coniferous forests as their primary landscape, where dense human
activity generates various waste products that facilitate the spread of PWD [38]. Notably, the distance
to power lines contributes less than 2%. Analysis of the spatial distribution of coniferous forests and
power lines in Xinjiang shows that power lines are predominantly located in the Gobi Desert, with
minimal overlap with coniferous forest areas (Figure 8-d). Additionally, enhanced quarantine
measures for cable materials by forestry authorities and related departments may further reduce their
contribution rate.

The results of the prediction of the suitable habitat of M. saltuarius showed that precipitation
(Annual precipitation and Rrecipitation In the Driest Quarter) and temperature (Mean Temperature
of Warmest Quarter) were the key factors affecting its survival. There was no potential suitable
habitat in southern Xinjiang, and the distribution of precipitation, temperature and host was the key
reason restricting its survival.

In previous studies predicting the occurrence areas of PWD, the climate factors were similar to
those in this study [5,17,18]. The speculated reason is that the distribution of PWD depends on hosts
and vector insects, while the southern epidemic areas of China are mainly distributed with M
alternatus, which is different from the vector insects in the north, thereby narrowing the suitable range
of PWD and making the prediction of PWD occurrence areas more similar to the prediction of vector
insect suitable areas.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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As mentioned earlier, the main vectors of PWD differ between the north and south of China,
with M. saltuarius being the primary vector in the north and M alternatus in the south. Studies have
shown that if the vector insects are not adapted to the climate of the introduced area, it will lead to
the interruption of PWD transmission chain [48]. Therefore, Xinjiang (especially Urumgqi City, Ili
Kazakh Autonomous Prefecture, and Altay Prefecture) needs to strengthen quarantine measures for
timber from northern epidemic areas in logistics and trade, and improve the efficiency of rapid
detection of PWD. Most scenic spots in Xinjiang are located in natural forests, so forestry and relevant
departments need to enhance monitoring of PWD in these areas to reduce the risk of introduction
[38]. Additionally, vector insects are crucial for the transmission of PWD. Monitoring and controlling
the population density of M. saltuarius is also an effective measure to prevent the introduction and
spread of PWD [43].

This study still has limitations, as the incomplete acquisition of vector insect distribution data
may lead to certain errors in the prediction results. With technological advancements and intensified
survey efforts, the number of vector insect distribution sites can be increased to support subsequent
research.

5. Conclusions

This study, considering the geographical characteristics of Xinjiang and the constraints of M.
saltuarius as the sole vector insect, decomposed the prediction of potential PWD occurrence areas into
the prediction of potential transmission areas and vector insect habitat suitability areas. The results
indicate that Urumgqi City, the directly administered areas of Ili Kazakh Autonomous Prefecture, and
Altay Prefecture are high-risk areas for PWD introduction. Human activities account for 75% of PWD
transmission, with human impact factors and scenic area activities being key transmission routes.
Vector insects play an irreplaceable role in the spread of PWD. Therefore, strengthening quarantine
measures in northern epidemic areas, enhancing scenic area management, and monitoring and
controlling the population density of M. saltuarius are effective approaches to prevent PWD invasion
in Xinjiang. The prediction of potential PWD occurrence areas and the identification of high-potential
areas in this study provide assistance to relevant departments in understanding transmission
mechanisms and formulating control measures.
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