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Distribution update of water deer 
(Hydropotes inermis) and prediction 
of their potential distribution 
in Northeast China
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Zhensheng Liu 1,2* & Liwei Teng 1,2*

Human interventions have a great potential of spatially cornering and limiting species, therefore 
investigating the species distribution is one of the most crucial issues for managing wildlife 
populations and suggesting robust conservation strategies. Water deer (Hydropotes inermis) are 
widespread in China throughout history and are endemic to East Asia. However, they disappeared 
from Northeast China for years. We rediscovered the water deer in a previous study in Jilin Province, 
China. Then, we conducted further research in Northeast China to determine their distribution 
status, supplying fundamental data for the recovery and expansion of their population. An interview 
survey, line transect survey and infrared camera monitoring were carried out in some counties/
cities in Northeast China from June to December 2021. The results showed that the water deer were 
distributed in Wuchang city of Heilongjiang Province, Changbai Korean Autonomous County, Baishan 
Municipal District, Ji’an city, Hunchun city, Huadian city, Antu County and Helong County of Jilin 
Province, Benxi Manchu Autonomous County, Huanren Manchu Autonomous County, Kuandian 
Manchu Autonomous County, Fengcheng city and Donggang city of Liaoning Province. The ensemble 
species distribution model constructed by sdm within the TSS of various models that were set as 
weight revealed that the potential distribution area of the water deer in the study area was 8764.66 
 km2 (28.77% of the study area). Combining recent studies concerning the distribution of water deer 
and the current study, we updated the distribution of wild water deer in Northeast China, which is vital 
for their conservation worldwide.

The distribution status, one of the most basic pieces of information about a species, is crucial for formulating 
conservation strategies for endangered species. The global species distribution pattern is shaped by multiple 
factors, including anthropogenic disturbance, pollution, land-use and land-cover change, overexploitation, and 
climate  change1,2. The rapid expansion of human activities has dramatically changed environments worldwide, 
which has reshaped global biodiversity and caused well-documented shifts in the spatial distribution of  wildlife3–5. 
In addition, global ecosystems and biodiversity are suffering from climate change, one of the most serious global 
environmental concerns—posing multiple threats to ecosystems and  species6–8. The population and distribution 
of several animal and plant species have suffered dramatic declines and even extinction during recent decades due 
to ongoing climate  change9–14. The distribution of species is likely to be continuously affected by the continuous 
expansion of human activities and increasingly frequent climate change. Therefore, it is essential to determine 
the current distribution pattern of species and the factors affecting their distribution.

Species distribution models (SDMs) have been widely used to predict the potential distribution (habitat 
suitability) of species in given areas using occurrence data of species and environmental data, particularly at 
large spatial and temporal  scales15–20. Various software programs have been designed to construct SDMs, some 
of which performed well when using only presence-only datasets, e.g., BIOCLIM, DOMAIN and  LIVES21–23. 
In comparison, others need both the presence and the absence data, e.g., generalized linear model (GLM) and 
generalized additive model (GAM)22,24. However, absence data are either difficult to obtain or very strenuous 
to interpret since the species database generally records only presence  data15. Hence, several approaches were 
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used to generate pseudoabsence data, e.g., selecting random points from the study area, which is the simplest 
and most widely used method in  ecology25–27. Due to different performances between individual models and 
estimating uncertainty, ensemble SDMs have been recommended by several researchers, and they believe that 
their prediction accuracy is higher than that of single  models15,28–31. Selecting optimal SDMs for particular spe-
cies in a given area and condition is limited by many factors, e.g., species body size, environment complexity, 
and data resolution. Therefore, ensemble SDMs, which combine various individual models constructed with 
different modelling techniques, have been widely  used28,32. Various packages that construct ensemble SDMs have 
been exploited to better predict the potential distribution of species, such as the packages biomod and  sdm28,33.

Water deer (Hydropotes inermis) is a small deer endemic to East Asia. There are two subspecies of this deer: 
Chinese water deer (H. i. inermis Swinhoe, 1870), naturally distributed in China, and Korean water deer (H. i. 
argyropus Heude, 1884), naturally distributed in the Korean  Peninsula34–36. The historical range of water deer 
was vast in China, including the Liaodong Peninsula, the North China Plain and the areas alongside the Yangtze 
 River37,38. However, habitat loss and fragmentation under the pressure of climate change and anthropogenic 
disturbance have led to a continuous reduction in the geographical distribution area and population of wild 
water deer in  China39. Hence, the deer was listed as a national key protected class II wildlife of China and as 
vulnerable (VU) globally by the International Union for Conservation of Nature (IUCN)40. The population of 
water deer in China was estimated at 10,000–30,000 individuals in the  1990s35. However, its population size is 
currently unclear, and it is mainly distributed in four regions that are isolated from each other, i.e., coastal area 
of Jiangsu Province, Zhoushan Islands of Zhejiang Province, Poyang Lake area of Jiangxi Province, and Dongting 
Lake area of Hunan and Hubei  Provinces35,37,41.

Usually, it is believed that there has been no water deer population in Northeast China in recent  decades42,43. 
However, studies on this area’s water deer (distribution included) have been extremely scarce. In 2017, we redis-
covered the water deer population in the Baishan Musk Deer National Nature Reserve in Jilin Province of  China44. 
Then, we obtained numerous reports about the distribution of water deer in Jinlin and Liaoning Provinces, and 
related studies were  performed45,46. In addition, studies have shown that the water deer have spread to the far 
east of Russia, where there were historically no reports of water  deer47,48. On the basis of the information we col-
lected at present, the population of water deer in Northeast China would likely be relatively stable and healthy. 
However, the specific distribution and potential distribution remained unclear.

Anthropogenic disturbance and climate change have led to changes in the global environment and the dis-
tribution pattern of various habitats. In the present study, we aimed to determine the distribution pattern and 
potential distribution of water deer in the current environment. We carried out a field investigation in the Yalu 
River basin of China I to clarify the distribution of water deer in Northeast China, II to update the distribution 
ranges of water deer in China, combined with the current study and other studies concerning the distribution 
of this ungulate, and III to predict the potential distribution of water deer in the study area using the occurrence 
data of the deer in the current study and the environmental data. We believe that the current study could supply 
fundamental information for the distribution of water deer in Northeast China and even the world, which is 
crucial for conservation and further research on this vulnerable ungulate.

Materials and methods
Study area. Based on previous studies, interviews, and news reports, the study areas included some coun-
ties/cities of the Yalu River basin of China (the area is ~ 30,464.58  km2, Fig. 1), where the water deer were distrib-
uted throughout history. The study areas included Changbai Korean Autonomous County, Baishan Municipal 
District, Ji’an city in Jilin Province, Benxi Manchu Autonomous County, Huanren Manchu Autonomous County, 
Kuandian Manchu Autonomous County and Fengcheng city of Dandong city in Liaoning Province (Fig. 1). The 
geographical coordinates of the study area are E120°0′ to E123°35′, N39°59′ to N42°11′, with a north–south 
span of ~ 260 km and a west–east span of ~ 420 km. Baishan city belongs to the northern temperate continental 
monsoon climate and is the coldest area in Jilin Province. The annual average temperature is 4.6 °C, and the 
annual average precipitation is 883.4 mm. Dandong city has a warm temperate humid, monsoon climate; its 
annual average rainfall is from 800 to 1200 mm, and its annual average temperature is from 6 to 9 °C. The study 
area is located on the north and northwest banks of the Yalu River. The northeastern part of the study area has a 
relatively higher elevation, whereas the southwestern part of the area has a relatively lower elevation. Changbai 
Mountain is the highest part of the region, and its main peak, viz. Baiyun Peak, has an elevation of 2691  m49. 
In addition to water deer, other notable species inhabit the study area, such as Siberian musk deer (Moschus 
moschiferus), roe deer (Capreolus pygargus), black bear (Ursus thibetanus), and Eurasian lynx (Lynx lynx). The 
study area is rich in vegetation resources and diverse habitat types, including broad-leaved forest, mixed conif-
erous and broad-leaved forest, coniferous forest, shrub, and grassland. The study area has a developed water 
system adjacent to the Yalu River and several tributaries of the Yalu River, such as the Hun River, Ai River, and 
Cao River.

Distribution data of water deer. The presence and absence data of water deer were collected by inter-
view survey, random line transect survey and camera traps (Ltl 6210 MC from Ltl Acorn Electronics Co., Ltd.) 
monitoring. Based on the results of these investigations, the absence points of water deer were carefully selected 
in combination with the home range and daily activity rhythm of them. The absence points of the deer were 
selected from the line transects in which no individuals or their marks were found. In addition, the infrared 
camera locations that never captured photos/videos of the species were recorded as absence points. Certainly, 
these absence points were far from the known distribution of the deer, and their habitat characteristics were 
significantly different. The performance of some SDMs is relatively high when only the presence data of a species 
are  available21–23, or they can generate pseudoabsence data using several approaches before prediction to obtain 
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good  performance25–27. However, these pseudoabsence data are generated based on the presence data and envi-
ronment  data50–52, which is just a principle of SDMs, and they may not be the real absence point of the species. 
In addition, literature or interview surveys were conducted to collect the distribution data of the deer in China, 
Russia, North Korea, and South Korea.

We know that it is risky for us to use the absence points identified by us in the current study because these 
points may not truly lack water deer. We believe that it may be more credible than the absence data generated 
by models, and its characteristics may be closer to those of the habitats where the water deer are not distributed. 
We obtained 1296 presence points and 158 absence points for water deer from the line transect survey and infra-
red camera monitoring. Since the body size of water deer is smaller than that of red deer (Cervus canadensis) 
and other large deer, the home range of water deer is relatively small, and there is high spatial overlap among 
 individuals53,54. Hence, the presence/absence points with a distance of less than 500 m were excluded to avoid 
pseudoreplication. Finally, we obtained 156 presence points and 54 absence points for water deer. The presence/
absence points were stored as a .shp file in ArcGIS 10.7 for further analysis.

Collection of environment data. Based on previous research on water deer and other deer species and 
habitat studies on similar  species45,54,55, the bioclimate factors (bio_1: annual mean temperature, bio_5: max 
temperature of the warmest month, bio_6: min temperature of the coldest month, bio_12: annual precipitation, 
http:// www. world clim. org/), topographical factors (elevation, slope, slope direction, https:// www. gsclo ud. cn/), 
distance to the water source (National Catalogue Service for Geographic Information, https:// www. webmap. 
cn/), vegetation factors (normalized difference vegetation index (NDVI), https:// www. gsclo ud. cn/), and human 
disturbance factors (distance to road, national basic geographic information of China, http:// www. ngcc. cn/) 
were selected to construct SDMs (Table 1). The coordinates, geographical spatial scope, and raster size of various 
factors were unified and stored as an .asc file using ArcGIS 10.7 for further analysis.

Construction of SDMs. The sdm package in R was used to construct the  SDMs33. First, the VIF (variance 
inflation factor) function of the usdm package was used to calculate the VIF of various factors, and the factors 
with a VIF value larger than 10 were excluded (Table 1)56,57. Bio_1, bio_5, and bio_6 were excluded. The rest of 
the factors were used to test the performance of various models, which were evaluated by the true skill statis-
tic (TSS) and the area under the curve (AUC) of the receiver operating characteristic curve (ROC)58. Finally, 
boosted regression trees (brt), classification and regression trees (cart), multivariate adaptive regression splines 
(mars), random forest (rf), and support vector machine (svm) were  selected33. We randomly assigned 70% of 
the dataset as the training dataset, and model performance was tested with the remaining 30%. The models were 

Figure 1.  The map of the study area generated with ArcGIS 10.7 (Environmental Systems Research Institute, 
Inc. in Redlands, California, USA). The different colors represent different elevation of the study area, and the 
digital elevation model (DEM) was downloaded at https:// www. gsclo ud. cn/.

http://www.worldclim.org/
https://www.gscloud.cn/
https://www.webmap.cn/
https://www.webmap.cn/
https://www.gscloud.cn/
http://www.ngcc.cn/
https://www.gscloud.cn/
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run for 30 replicates using a bootstrap method. Then, the ensemble function in the sdm package was used to 
construct ensemble SDMs within the TSS of various models that were set as  weight33. The average TSS from the 
30 replicates of the models was set as the threshold to derive presence-absence distributions from the continuous 
model outputs of habitat  suitability55,59,60. Every output cell was categorized as either present (above the cut-off) 
or absent (below the cut-off) in ArcGIS 10.7, and we obtained the potential distribution of the water deer. Since 
the reliability or amount of the presence data we obtained in Russia and the Korean Peninsula was relatively 
lower than that in China, we predicted only the potential distribution of water deer in Northeast China.

Results
The distribution of water deer in Northeast China. The line transects survey and infrared camera 
monitoring showed that water deer are distributed in Changbai Korean Autonomous County, Baishan Munici-
pal District, and Ji’an city of Jilin Province, whereas its distribution range is relatively larger in Kuandian Man-
chu Autonomous County, Huanren Manchu Autonomous County, and Fengcheng city of Liaoning Province. 
Particularly, there is a wide distribution range of water deer in Kuandian Manchu Autonomous County, which 
account for almost 3/4 of the county. In addition, interview surveys and news reports indicated that water deer 
are distributed in Wuchang city of Heilongjiang Province; Hunchun city, Huadian city, Antu County and Helong 
County of Jilin Province; and Benxi Manchu Autonomous County, Donggang city of Liaoning Province (Figs. 2, 
3).

We rediscovered the distribution of water deer in Jilin Province of China in  201744. Darman et al. (2019) first 
discovered the water deer distribution in the Khasansky district of Primorsky Province,  Russia47,48. Then, Dmitry 
et al. discovered the distribution of water deer in Mikhailovskiy district, Russia, which was thought to be the 
northernmost distribution of water deer in the  world61. Combined with our previous and related recent studies 
concerning water  deer34,40,44,47,48,61–64, we believe that it is meaningful and essential to update the distribution 
range of water deer. Therefore, according to recent studies, we generated a new distribution map for water deer, 
in which Northeast China, Russia, and the Korean Peninsula were included (Fig. 4).

The performance of various models. All of the AUC values of various models were at least 0.84 (low-
est: AUC of cart = 0.84, highest: AUC of rf = 0.95) (Table  2). The relative variable importance of the NDVI 
(n = 23.90%) was highest among the various factors, followed by that of elevation (n = 20.40%) and bio_12 
(n = 13.00%) (Table 3). The average TSS of 30 replicates of the five models was 0.701. This threshold was used to 
categorize the continuous outputs of habitat suitability from ensemble SDMs as presence/absence data.

Potential distribution of water deer in Northeast China. The results revealed that the whole poten-
tial distribution area of water deer in the study area was 8764.66  km2 (28.77%). Its potential distribution area 
was largest in Kuandian Manchu Autonomous County, reaching 3078.46  km2 (49.23%). In contrast, it was the 
smallest in Changbai Korean Autonomous County, with only 494.80  km2 (19.83%) (Fig. 5, Table 4).

Discussion
In the current study, a line transects survey, infrared camera monitoring, an interview survey, and a literature 
survey were employed. The results showed that the water deer were distributed in several counties/cities of the 
Yalu River basin of China. The distribution range of water deer in Northeast China was vaster than previously 
 thought47,48,61. In addition, combining our results with related research on the deer, we updated the distribution 
range of its natural population in China, which may indicate its global distribution should be updated. Water 
deer presence/absence data in Northeast China were employed to predict its potential distribution. There was a 
considerable potential distribution of the deer in the study area, which is a crucial area for further conservation 
and study in China. It should be noted that the potential distribution range of water deer in various counties/
cities was different.

Throughout history, the distribution of water deer in China was vast, and its range reached from N45°42′ 
(Harbin, Heilongjiang) to N18°24′ (Lingshui, Hainan) and from E97°6′′ (Changdu, Tibet) to 122°24′ (Shengsi, 
Zhejiang). However, in the 1980s, its distribution shrank from N34°6′ (Shuyang, Jiangsu) to N21°30′ (Dianbai, 
Guangdong) and east of E107°6′ (Tian’e, Guangxi)62. The population decline in China in the past ten thousand 
years was due to the decrease in its living space caused by climate change, agricultural production, human 
disturbance, and a decline of  shallows65–69. Moreover, the extreme decline in water deer in recent decades was 

Table 1.  Variance inflation factor value and data sources of selected factors.

Factors VIF Source

Annual precipitation 1.550 http:// www. world clim. org/

Elevation 1.804 https:// www. gsclo ud. cn/

NDVI 1.414 https:// www. gsclo ud. cn/

Distance to road 1.110 http:// www. ngcc. cn/

Slope 1.194 https:// www. gsclo ud. cn/

Slope direction 1.006 https:// www. gsclo ud. cn/

Distance to water source 1.115 https:// www. webmap. cn/

http://www.worldclim.org/
https://www.gscloud.cn/
https://www.gscloud.cn/
http://www.ngcc.cn/
https://www.gscloud.cn/
https://www.gscloud.cn/
https://www.webmap.cn/


5

Vol.:(0123456789)

Scientific Reports |         (2023) 13:5610  | https://doi.org/10.1038/s41598-023-32314-z

www.nature.com/scientificreports/

caused by habitat degradation, habitat loss, and overhunting, particularly in the south of the Yangtze  River70–73. 
Then, the water deer was introduced to England, and the escaped individuals formed a wild  population74,75, 
which accounts for more than 40% of the wild population in the  world76. Previous research indicated that the 
population of water deer in England could supply support for the population recovery of the deer in  China77. Our 
study suggested that the distribution and population size of water deer in Northeast China are relatively large, 

Figure 2.  The distribution status of water deer in Northeast China based on our field surveys and interview. 
The circular points come from line transects survey and infrared camera monitoring, the triangular points come 
from interview. This map was generated with ArcGIS 10.7 (Environmental Systems Research Institute, Inc. in 
Redlands, California, USA. URL: https:// www. esri. com/ en- us/ arcgis/ produ cts/ arcgis- deskt op/ overv iew).

Figure 3.  Photos of water deer captured by the infrared camera. (a) Photo of female water deer captured in 
summer. (b) Photo of male water deer captured in winter.

https://www.esri.com/en-us/arcgis/products/arcgis-desktop/overview
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Figure 4.  The distribution status of water deer in Northeast China and its surrounding areas. The blue points 
reflects the distribution of water deer in the south China which performed in  200662. The orange and green 
points reflect their distribution in Northeast China in current study. The purple points reflects their distribution 
in  Russia47,48. The black points is the distribution of water deer based on Li et al.64. The blue areas is their 
distribution based on  IUCN40. The orange areas with diagonal reflects their current distribution in the Korean 
 Peninsula34. This map was generated with ArcGIS 10.7 (Environmental Systems Research Institute, Inc. in 
Redlands, California, USA. URL: https:// www. esri. com/ en- us/ arcgis/ produ cts/ arcgis- deskt op/ overv iew).

Table 2.  The performance of various models.

Methods AUC COR TSS Deviance

brt 0.86 0.60 0.64 0.87

cart 0.84 0.65 0.64 0.98

mars 0.85 0.65 0.68 3.50

rf 0.95 0.81 0.82 0.51

svm 0.88 0.69 0.73 0.68

https://www.esri.com/en-us/arcgis/products/arcgis-desktop/overview
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Table 3.  Summary of relative variable importance of the selected factors.

Factors Relative variable importance (%)

Annual precipitation 13.00

Elevation 20.40

NDVI 23.90

Distance to road 6.30

Slope 3.60

Slope direction 3.50

Distance to water source 3.50

Figure 5.  Potential distribution map of water deer generated by the ensemble SDMs and the range of nature 
reserves (orange areas with diagonal) in Northeast China. The purple points are the presence location of water 
deer, and the blue points are the absence location of the deer which was defined by current study. This map was 
generated with ArcGIS 10.7 (Environmental Systems Research Institute, Inc. in Redlands, California, USA. URL: 
https:// www. esri. com/ en- us/ arcgis/ produ cts/ arcgis- deskt op/ overv iew).

Table 4.  Potential distribution area of water deer in various cities/counties in Northeast China.

County/city Potential distribution (%) Area  (km2)

Baishan Municipal District 15.29 875.00

Changbai Korean Autonomous County 19.83 494.80

Ji’an city 23.30 771.39

Huanren Manchu Autonomous County 30.61 1092.22

Benxi Manchu Autonomous County 18.33 613.67

Kuandian Manchu Autonomous County 49.23 3078.46

Fengcheng city 32.02 1844.47

Whole 28.77 8764.66

https://www.esri.com/en-us/arcgis/products/arcgis-desktop/overview
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and there may be no need to introduce the species from other places to recover the population. Fortunately, due 
to the Chinese government’s strict conservation efforts and policies, many forests in China have been recovering 
in recent  decades78, which provides a foundation for the population recovery of water deer.

In recent years, water deer have spread and ranged in Russia’s far east, forming healthy and stable 
 populations47,48,61. The spread of the deer may be caused by habitat transformation under the effects of anthro-
pogenic disturbance and climate change. In the most recent years, two studies focused on the distribution, habitat 
suitability, and dispersal routes of water deer among Northeast China, the far east of Russia, and the Korean 
Peninsula, while both were relatively lacking in the ranges of field  investigation64,79. Their field investigation was 
lacking in Liaoning Province, China, where our results revealed that the distribution of the deer was vastest. 
Their habitat suitability of the deer in their study area was almost  opposite79, which may be caused by their lack 
of occurrence data of the species in Liaoning. Hence, the possible dispersal routes of water deer obtained by them 
did not match the distribution pattern in our  study79, which demonstrated the importance of obtaining adequate 
presence data and updating the distribution of the species in a comprehensive study on them.

The AUC in multiple replicates of the ensemble SDMs was relatively high (from 0.84 to 0.95), revealing that 
the simulated potential distribution of water deer in Northeast China is reliable, which has important guiding 
significance for the future conservation area designation of the species. The potential distribution area of the 
water deer was relatively scattered (Fig. 5), making it difficult to spread and communicate among the populations 
in the future. On the one hand, this may be caused by the difference in altitude and vegetation types of various 
habitat patches in the study area since the NDVI and elevation are crucial for the habitat of water deer (Table 3). 
On the other hand, roads in the study area have contributed to the dispersion of potential distribution areas of 
water deer to a certain extent. Based on observations in our fieldwork, many traces of water deer were found in 
areas close to roads or residents. Roads pose potential threats to their lives, as water deer roaming or spread-
ing across roads are more likely to be struck and killed by cars. In South Korea, roadkill is an important factor 
leading to the death of water  deer80,81. During our interviews, we also learned that there were many roadkills of 
water deer in Northeast China.

A total of 50.52% of the total occurrence points were collected from Kuandian Manchu Autonomous County, 
reflecting a large water deer population in this area. Therefore, Kuandian Manchu Autonomous County may 
be the most important region to maintain the stability of the water deer population in Northeast China. The 
ensemble SDMs revealed an enormous potential distribution of water deer in the study area (8764.66  km2, 
28.77%, Fig. 5, Table 4). Among them, the area of the potential distribution area and the proportion of the total 
potential distribution area in Kuandian Manchu Autonomous County were the largest (3078.46  km2, 35.12%, 
Fig. 5, Table 4). However, the potential distribution area of water deer in protected areas in the study area was 
deficient (Fig. 5). Moreover, there were no protected areas in the main potential distribution area of the species, 
let alone the protected area specializing in the conservation of water deer (Fig. 5). Protected area with a distri-
bution of water deer is scarce in  China54,82,83. Protected areas are considered the cornerstones of biodiversity 
 conservation84–86. According to the habitat characteristics of water deer, key conservation efforts should be carried 
out in their potential distribution as soon as possible. In other words, establishing a special reserve to protect the 
deer population in Northeast China is very important and necessary.

The relative variable importance of the NDVI (23.90%) was highest among various factors, reflecting an essen-
tial role of vegetation in the habitat of water deer. The occurrence points of the deer were found in the habitats 
of grass/shrub most frequently, which possess relatively good vegetation conditions and could supply favourable 
shelter as well as adequate/palatable food for them, and it is similar to the studies on the species in both North-
east and South  China45,54,82. Water deer prefer grass/shrub habitats with relatively high hiding levels and good 
vegetation  cover45,54. Hence, they also prefer cropland. Moreover, the deer have caused certain damage to local 
crops. Fabaceae account for a high proportion of the food of water  deer63, and we found that they consumed a 
large amount of soybean (Glycine max) leaves in the cropland. In addition, the leaves of sweet potato (Ipomoea 
batatas) are their favourite food, and they even dig sweet potato out with their hooves. All of these croplands 
were close to settlements or roads, suggesting that the deer may not be afraid of humans. The relative variable 
importance of distance to the road (6.30%) was relatively lower than that of the other three factors, which could 
also prove this to some extent (Table 3).

Following the NDVI, the relative variable importance of elevation ranked second with a proportion of 20.40%. 
The elevation affected the distribution of different plant species in our study area. There were more grass/shrub 
species distributed in places with lower elevations, whereas there were more tree species distributed in places with 
higher elevations. Since elevation is important for the habitat selection of water  deer45 and its relation with the 
distribution of plants, we summarized the typical habitats of the deer in Northeast China: 1 grassland/cropland 
habitat: grassland with a slope of less than 30° in the middle and low slopes and cropland of soybean, sweet potato, 
peanut (Arachis hypogaea), and corn (Zea mays); 2 shrub/orchard habitat: shrubs with a slope of less than 30° in 
the middle and low slopes and orchards of filbert (Corylus spp.), Pinus koraiensis sapling, and fruits; and 3 larch 
(Larix gmelinii) habitats: larch forest habitat with a slope of less than 30° and a canopy closure not higher than 
80% in the middle and upper slopes. There are a few herbs/shrubs under the forest, the forest area is not large, 
and there are overlapping areas with grassland/shrub habitats. This summary of the habitat of water deer may 
supply guidance for conservation and future research. This summary is just our speculation and requires a future 
careful comparison. We will record detailed information on the habitat characteristics in different counties/cities 
in future studies, aiming to compare their habitat among areas and summarize their habitat with sufficient data.

The current study could not determine whether the water deer in Northeast China were remaining popula-
tions or whether they spread from the Korean Peninsula. Further study on the cross-border activity pattern and 
movement corridors of water deer between China and the Korean Peninsula may help to solve this issue. We 
know that Chinese water deer and Korean water deer are naturally distributed in China and the Korean Penin-
sula,  respectively34–36. However, recent research has shown that there are two subspecies of water deer in South 
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 Korea87; therefore, the subspecies belonging to the water deer in Northeast China could not be used to distinguish 
whether they were local populations or whether they spread from the Korean Peninsula. However, the subspecies 
of the deer in Northeast China remains unclear and needs more research in the future.

We believe there may have been populations of water deer in Northeast China for a long time, and perhaps 
they never disappeared, but related research is lacking. On the one hand, the lack of research on this species 
may be due to its relatively lower economic value than that of sika deer (Cervus nippon)88,89. In addition, the 
mammals in our study area other than the water deer are musk deer (Moschus spp.), black bears, etc., which are 
more endangered or have a larger influence on humans, so there is more research on  them55,90. Hence, little is 
known about the distribution and population status of water deer in Northeast China in recent  years45. On the 
other hand, the locals could mistake the water deer for musk deer or roe deer because their body size and fur 
colour are  similar41,91. In our investigation, if we showed a photo of water deer to locals, they were pretty sure 
that the species they saw was water deer, but they still called it “musk deer” or “roe deer”. In addition, the spread 
of water deer from the Korean Peninsula has  occurred79. When the Yalu River freezes in winter, water deer can 
easily spread from North Korea to China over the ice, which locals have witnessed many times. Moreover, water 
deer are skilled in swimming; their swimming distance can be 2 kms or more. In the Zhoushan Archipelago of 
China, water deer always spread by swimming among  islands53,73,92,93. In summary, we believe that the deer in 
Northeast China may have always been, and at the same time, the species may have also spread from the Korean 
Peninsula to China through the Yalu River.

Conclusion
In the current study, we investigated the distribution of water deer in Northeast China and found a large distribu-
tion and population of the species alongside the Yalu River in China. We updated the distribution map of water 
deer in Northeast China and its surrounding areas, reflecting the distribution range of the species in Russia, the 
Korean Peninsula, and China. Finally, we predicted the potential water deer distribution in Northeast China. 
The results showed a large potential distribution area of the species in the study area, which is a good foundation 
for their population recovery.

Data availability
The raw data supporting the conclusions of this article are stored in College of Wildlife and Protected Areas, 
Northeast Forestry University and it will be made available by the corresponding author without undue 
reservation.
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