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China, Mongolia and Russia. During the tracking period, 844,592 pieces of high-frequency GPS tracking 
data were obtained, we analyzed the duration that these birds spent in the Yellow River basin and, the land 
cover types during their stay. Then we simulated the home range of the three species using kernel density 
estimation. The results showed that the Yellow River basin wetlands are used as a stopover site during the 
migration of these three waterbirds. Some juveniles of the Eurasian Spoonbills use the land as a summering 
area, and some of the Oriental Storks use it as a wintering area. There are differences in land cover of three 
waterfowl in the Yellow River basin. The Bar-headed Goose used the grassland (49.0%), bare land (26.2%) 
and water (22.5%). The Eurasian Spoonbill used the cropland (42.1%), grassland (19.8%) and wetland 
(19.6%). The Oriental Stork used the wetland (49.8%), cropland (34.5%) and water (4.6%). Our study found 
that 50% of the home range of the Bar-headed Goose overlaps with the existing nature reserves, while the 
homes range of the Eurasian Spoonbill and the Oriental Stork only overlap 1.6% and 0 with existing nature 
reserves, respectively. The habitats of these latter two species are in need of greater protection. At the same 
time, by analyzing the proportion of land types in the coverage area, we found that the birds’ utilization of 
bare land, grassland and cropland is more passive, while the utilization of wetland and water is active. The 
results detail the movement and living characteristics of three waterfowl in the Yellow River. Given the lack 
of overlap between their habitats and existing nature reserves, it will be important to establish comprehensive 
protected areas for Eurasian Spoonbills and Oriental Storks as part of further development of the Yellow 
River nature reserves. 
Key words: Bar-headed Goose; Eurasian Spoonbill; Oriental Stork; satellite telemetry; Yellow River nature 
reserve; protection status 
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图1  追踪的3种水鸟的迁徙路线图。(A) 6只斑头雁的春秋迁徙路线: 繁殖地位于蒙古国, 越冬地在中国西藏日喀则与印度/
孟加拉国, 迁徙过程中主要在黄河流域停歇。(B) 5只白琵鹭的春秋迁徙路线: 繁殖地在蒙古国, 越冬地在长江中下游流域, 
迁徙中在黄河流域停歇或度夏。(C) 10只东方白鹳的春秋迁徙路线: 在黄河流域越冬。红线代表秋季迁徙路线, 黄线代表春

季迁徙路线, 倒三角表示度夏位点, 正三角表示越冬位点, 绿色圆圈代表迁徙过程在黄河流域的停歇地与停歇时长, 蓝线代

表黄河与长江, 浅蓝色阴影代表黄河流域(Jiang, 2015)。 
Fig. 1  The map of the migration route of three waterbirds by tracking their life history. (A) The spring and autumn migration routes 
of 6 Bar-headed Geese. The breeding area is Mongolia, and the wintering areas are Shigatse of Tibet of China and India/Bangladesh. 
The Species mainly stops in the Yellow River basin. (B) The spring and autumn migration routes of 5 Eurasian Spoonbills. The 
breeding area is Mongolia, the wintering area is the middle and lower reaches of the Yangtze River, and it stops or spends summer in 
the Yellow River basin during migration. (C) The spring and autumn migration routes of 10 Oriental Storks, overwintering in the 
Yellow River basin. The red line represents the autumn migration route, the yellow line represents the spring migration route, the 
inverted triangle represents the summering sites, the forward triangle represents the wintering sites, the green circle represents the 
location and period of the stopover in the Yellow River basin, the blue line represents the Yellow River and the Yangtze River and the 
light blue shadow represents the Yellow River basin (Jiang, 2015). 

 
表 1  三种迁徙水鸟在黄河流域内活动情况与利用类型 
Table 1  Activities and utilization types of three migratory waterbirds in the Yellow River basin (YRB) 

 
Species 

 
Population 

 
Season 

ῤ  
Staging in YRB (d) 
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图2  3种水鸟在黄河流域活动位点的密度分析图。(A)和(B)分别为斑头雁MtoT (蒙古国–中国日喀则)种群和MtoA (蒙古国–
印度/孟加拉国)种群在黄河流域内的重要栖息地; (C)白琵鹭蒙古-长江种群在黄河流域内的重要栖息地; (D)东方白鹳黑龙江

繁殖种群在黄河流域的重要栖息地。蓝线为黄河, 白线为黄河流域边界, 绿色网格阴影区域为黄河流域自然保护区范围。黄

河流域的位点密度使用3% (蓝)、3%�Å������  (绿)、10%�Å������ (黄)、20%�Å������  (橙)与50�Å��������  (红)进行分级标注(Jiang, 2015)。 
Fig. 2  Density diagram of the sites of three waterbirds in the Yellow River basin. (A) and (B) showed the important habitats of the 
MtoT population and the MtoA population of the Bar-headed Goose; (C) showed the important habitat of the Eurasian Spoonbill; (D) 
showed the important habitat of the Oriental Stork. The blue line is the Yellow River, the white line is the boundary of the Yellow 
River basin, and the area shaded by the green grid is the Yellow River basin nature reserves. The site density of the Yellow River 
basin is marked with 3% (blue), 3%‒10% (green), 10%‒20% (yellow), 20%‒50% (orange) and 50%‒100% (red) (Jiang, 2015). 
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图3  3种水鸟在扎陵湖-鄂陵湖(A)、木里镇(B)、河套平原(C)和黄河三角洲(D)的家域范围。黑色网格、黄色网格、红色网格

分别为90%、75%和50%活动区域拟合的家域范围。蓝线为黄河, 绿色网格阴影区域为黄河流域自然保护区, 白色区域为黄

河流域边界, 蓝色区域为湖泊范围。 
Fig. 3  The home range of three waterbirds in the Zhaling-Eling lake (A), Muli Town (B), Hetao Plain (C), and the Yellow River 
Delta (D). The black shade, the yellow shade and the red shade are 90%, 75%, and 50% of the home range fitted. The blue line is the 
Yellow River, the green grid shaded area is the Yellow River basin nature reserves, the white line area is the boundary of the Yellow 
River basin, and the blue area is the lakes. 
 
表 2  黄河流域 3 种水鸟重要栖息地与家域的土地利用情况 
Table 2  Three important habitats of waterbirds in the Yellow River basin and land use in their home ranges 

 
Species 

 
Habitat 

῾  
Cropland 

 
Forest 

 
Grassland 

Қ 
Shrubland 

 
Wetland 

ᵣ 
Water 

ֲ  
Artificial 
surface 

 
Bare land 

 
Bar-headed  
Goose 

 Muli Town 0.0% 0.0% 49.0% 0.0% 2.3% 22.5% 0.0% 26.2% 

–  Zhaling-Eling lake 0.0% 0.0% 50.9% 0.0% 6.4% 14.7% 0.0% 28.0% 
50%  Home range-50% 0.0% 0.0% 84.9% 0.0% 0.5% 1.2% 0.0% 13.4% 
75%  Home range-75% 0.0% 0.0% 74.4% 0.0% 0.3% 5.7% 0.0% 19.6% 
90%  Home range-90% 0.0% 0.0% 66.8% 0.0% 0.6% 7.7% 0.0% 24.9% 

 
Eurasian  
Spoonbill 

 Hetao Plain 42.1% 0.7% 19.8% 0.0% 19.6% 11.1% 3.3% 3.4% 
50%  Home range-50% 55.2% 0.1% 7.4% 2.2% 1.1% 1.6% 3.9% 28.5% 
75%  Home range-75% 34.5% 1.5% 13.9% 1.3% 0.8% 1.5% 2.5% 44.0% 
90%  Home range-90% 31.7% 2.7% 27.7% 0.4% 0.5% 0.9% 3.8% 32.3% 

қ  
Oriental  
Stork 

҈  Yellow River Delta 34.5% 0.0% 4.5% 0.0% 49.8% 4.60% 6.6% 0.0% 
50%  Home range-50% 69.8% 0.0% 0.1% 0.0% 0.1% 14.3% 15.7% 0.0% 
75%  Home range-75% 61.0% 0.0% 0.6% 0.0% 0.6% 24.0% 13.7% 0.1% 
90%  Home range-90% 64.5% 0.0% 3.3% 0.0% 2.7% 19.1% 8.1% 2.3% 
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表 3  黄河流域 3 种水鸟家域与自然保护区重叠情况 
Table 3  Overlapping in the Yellow River basin nature reserves and home ranges of three waterfowl 
  Home range  Area (km2)  Overlapping area (km2)  Overlapping rate 

 
Bar-headed Goose 

50% 370.9 370.9 100.0% 
75% 1,427.1 1,427.1 100.0% 
90% 3,394.6 3,386.1 99.8% 

 
Eurasian Spoonbill 

50% 6,428.4 105.2 1.6% 
75% 31,660.7 951.6 3.0% 
90% 63,064.6 3,090.4 4.9% 

қ  
Oriental Stork 

50% 8.1 0.0 0.0% 

75% 91.7 27.2 29.6% 
90% 330.6 76.6 23.2% 

 
№ , ֽ 0.1%, қ

ԍ ≠ ₮ , ԍ῾

≠ Ẓ ԍ ( 2)Ȃ 
3 ҍ ≠ №

ױ , : ῤ �< ȁ

ȁ ҍ ȁῤ

ȁ Ҭ ҈ ԍ

῏ ᵬ , 
֓ ῏ Ȃ , ֓ ῤ

ᶭ ҍ ᵣ ῏ Ȃ 
2.3  黄河流域自然保护区对3种水鸟栖息地的保护

现状 
ҍ Ḡ

ⱴ, ⌠90% ȁ75% ȁ50%
№≢ҹ3,386.1 km2 ( 99.8%)ȁ1,427.1 km2 

( 100.0%)
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表 A3  追踪器绑定东方白鹳个体信息总表 

Table A3  Summary table of Oriental Storks (Ciconia boyciana) fitted with solar-powered GPS telemetry devices 

编号 

Bird ID 

体重 

Weight (g) 

捕捉时间 

Capture Time 

越冬年份 

Year 

进入黄河 

Arrival in Yellow 

River 

离开黄河 

Departure in Yellow 

River 

OS001 4,005 2018/6/11 Winter, 2018 2018/11/8 2019/4/17 

OS002 3,950 2016/7/1 Winter, 2016 2016/12/14 2017/5/8 

OS003 3,650 2016/7/1 Winter, 2016 2016/11/14 2017/4/22 

OS004 3,760 2019/7/2 Winter, 2019 2019/11/13 2020/5/6 

OS005 4,875 2019/7/2 Winter, 2019 2019/11/18 2020/3/2 

OS006 5,135 2019/6/29 Winter, 2019 2019/11/18 2020/3/8 

OS007 4,425 2018/6/18 Winter, 2018 2018/12/6 2019/4/5 

OS008 4,690 2019/7/3 Winter, 2019 2019/11/28 2020/3/2 

OS009 3,805 2019/6/30 Winter, 2019 2019/11/4 2020/2/10 

OS010 3,955 2019/6/29 Winter, 2019 2019/11/1 2020/5/2 
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附录 2  黄河流域内追踪物种停歇信息 

Appendix 2  Tracking species stopover information in the Yellow River basin (YRB) 

 
表 A1  黄河流域斑头雁停歇信息表 

Table A1  Staging and migration duration of Bar-headed Geese (Anser indicus) 
种群 

Population 

季节 

Season 

年份 

Year 

编号 

0 1 256.73 680.02 Tm

0 g Tf

1 0 0 1 240.77 680.02 T
BT

34.9900510003EMC  /548004F703>-2<002<0011
q

0.0CID 28/Lang (en-US)>> BDC q

235.34 650.74 69.144 37.32 re
W* n

BT

/F4 8.04 Tf

1 0 0 1 256.73 680.02 Tm

0 g

0 G

[(65 n

B
ET

Q

 EMC  /P <</MCID 27>> BDC q

235.37 650.74 39.314 37.32 re
7516>7BT

/F470.224 Tf

1 0 0 1 240.77 680.02 Tm

0 g

0 G

[<
ET61A27>] TJ

ET

Q

 EMC  /8D4096A1229>] TJ
q

07B51C264BAFD 28/Lang (en-US)>> BDC q

235.34 650.74 69.144 37.32 re
7516>7BT

/F470.224 Tf

1 0 0 1 240.77 680.02 Tm

0 g

0 G

[336.6TJ

ET

Q

 EMC  /P <</MCID 21/Lang (en-US)>> BDC q

139.3008871 0 595.32 841.92 r
7516>7BT

/F470.224 Tf

1 0 0 1 240.77 6803 680.02 Tm

0 g Tf

ET61A20048>11<0044>-3<00560052>8<0051>5<05MC  /P <</M047>-6<052>-6<0004C004AA03>-2<002<001052>-6<0003>-2<00265>] TJ65>] 99005101 0 595.32 841.92 r
7516>7BT

/F470.224 Tf

1 0 0 1 240.77 6803 680.02 Tm

0 g Tf(-)]51A20048>11<0044>-3<005600521 0 595.32 841.92 r
7516>7BT

/F470.224 Tf

1 0 0 1 240.77 6803 680.02 Tm

0 g Tf

ET61A25548>11<0044>-3<005600521 0 595.32 841.92 r
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0 g Tf

32 Tc25548>11<0044>-3<005600524 0 595.32 841.92 r
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0 g Tf

f
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0 g

0 G
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345557 BT
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1 0 0 1 89.784 680.02 Tm

0 g

0 G

[3T
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ET

Q

 EMC  /45F115C91C264BAFD 28/Lang (en-US)>> BDC q

235.39 650.74 26.88 37.32 re
345557 BT
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[38203>]
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803>]
0<0048>11<0044>-3<0055>]052>-6<00548004F415>6<005<05MC  
 EMC  /P <</MCID 595.32 841.92 r345557 BT
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1 0 0 1 89.784 6803 680.02 Tm
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1 0 0 1 89.784 6803 680.02 Tm

0 g Tf(T
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0 G
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Q
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0 g

0 G
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q
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[4554>]
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q

BT

/F4001464 Tf
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Q


 EMC 0>-2<0036><05MC  /P <</M047>-6<08D 16/Lang (en-US)>> BDC q

84.34008871 0 595.32 841.92 r418
q

BT
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0 g

0 G

[458.TJ

ET

Q
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附录 3  黄河流域内 3 种水鸟土地利用补充结果 

Appendix 3  Supplementary results of land use of three waterfowl species in the Yellow River basin 

 
图 A1  三种水鸟在黄河流域内位点的分布情况与土地覆被利用情况。（A）斑头雁在青海省木里镇区域的

位点分布和土地利用情况；（B）斑头雁在扎陵湖和鄂陵湖区域位点分布和土地利用情况；（C）白琵鹭在黄

河流域位点分布和土地利用情况；（D）东方白鹳在黄河流域位点分布和土地利用情况。黑圈表示利用位点，

蓝线表示黄河，紫线表示黄河流域边界，多彩阴影区表示不同的土地覆被类型（农田、森林、草地、灌木

地、湿地、水体、人工地表、裸地、冰雪覆被）。 

Fig. A1  Land use of the three waterbirds in Yellow River basin. (A) Points distribution and land use of 
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图 A2  三种水鸟在黄河流域内位点密度图中高利用率(红色与橙色）的土地利用情况。（A）斑头雁两个种

群在核心密度区的土地覆被类型;（B）白琵鹭在核心密度区的土地覆被类型;（C）东方白鹳在核心密度区

的土地覆被类型。 

Fig. A2  Land use of the three waterbirds in high utilization rates grids (red & orange grids). (A) The land cover 

types of the two populations of the Bar-headed Goose in the core density area; (B) The land cover types of the 

Eurasian Spoonbill in the density area; (C) The land cover types of the two populations of the Oriental Stork in the 

core density area. 
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