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[bookmark: _Hlk88852402]Supplementary Fig. 1. The Asia-Pacific region and three recognized migratory waterbird flyways.
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Supplementary Fig. 2. The number of Asian herbivorous waterfowl species with habitable areas in each gird cell.
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[bookmark: OLE_LINK1]Supplementary Fig. 3. Habitat cover across the migration networks for 16 Asian herbivorous waterfowl species. Habitat cover refers to the percentage of area of habitat (AOH) within each 100 km × 100 km grid cell. The value of each grid cell is the median of corresponding values from the study species that their habitat occupying the same grid (see the number of species with habitat areas in each grid cell in Supplementary Fig. 2). The insert shows a count of gird cells in different habitat cover intervals.
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Supplementary Fig. 4. Habitat cover along the migration network for each Asian herbivorous waterfowl species. Habitat cover refers to the percentage of area of habitat (AOH) within each 100 km × 100 km grid cell.
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Supplementary Fig. 5. Changes of the onset of spring from 2000 to 2020 along the migration network for each Asian herbivorous waterfowl species. Changes were defined as the rate of annual changes of the onset of spring over 21 years. A negative or positive value indicates an advanced or delayed onset of spring.
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Supplementary Fig. 6. Interannual fluctuation of the onset of spring from 2000 to 2020 along the migration network for each Asian herbivorous waterfowl species. Fluctuation is quantified by the interquartile range of the onset of spring over 21 years. Darker red indicates a larger fluctuation.

Supplementary Table 1 Spatial traits affecting the risk of spatial-temporal phenological asynchrony for Asian herbivorous waterfowl species. 
	Model
	Estimate
	Standard error
	t-value
	p

	(Intercept)
	47.515
	0.762
	62.343
	<0.001

	Wintering latitude
	-2.6866
	0.794
	-3.382
	0.005

	Migration corridor width
	2.844
	0.794
	3.580
	0.003




Supplementary Table 2 Migratory herbivorous waterfowl species in the Asia-Pacific region. 
	Common name
	Scientific name
	Diet.PlantO
(%)
	ForStrat-ground
(%)

	Bar-headed goose
	Anser indicus
	100
	80

	Bean goose
	Anser fabalis
	80
	80

	Brent goose
	Branta bernicla
	100
	60

	Cackling goose
	Branta hutchinsii
	90
	60

	Greater white-fronted goose
	Anser albifrons
	90
	80

	Greylag goose
	Anser anser
	80
	80

	Lesser white-fronted goose
	Anser erythropus
	100
	80

	Swan goose
	Anser cygnoid
	100
	80

	Baikal teal
	Sibirionetta formosa
	70
	30

	Chinese spot-billed duck
	Anas zonorhyncha
	60
	50

	Eurasian wigeon
	Mareca penelope
	80
	50

	Falcated duck
	Mareca falcata
	60
	30

	Gadwall
	Mareca strepera
	70
	20

	Northern pintail
	Anas acuta
	50
	30

	Tundra swan
	Cygnus columbianus
	100
	50

	Whooper swan
	Cygnus cygnus
	100
	20


Diet.PlanO: percentage use of plant materials (e.g., grass, reeds and moss, but excluding fruit, nectar and seed). ForStrat-ground: percentage of foraging on ground (i.e., foraging on above ground vegetation). For more details see Wilman, Belmaker 1.

[bookmark: OLE_LINK6]Supplementary Table 3 Reclassified 11 land cover types based on 22 types in 300-m European Space Agency (ESA) Climate Change Initiative (CCI) product and European Centre (EC) Copernicus Climate Change Service (CS3) product.
	Original value
	Original
label
	Reclassified value
	Reclassified label

	0
	No Data
	0
	No Data

	10
	Cropland, rainfed
	1
	Cropland

	20
	Cropland, irrigated or post‐flooding
	
	

	30
	Mosaic cropland (>50%) / natural vegetation (tree, shrub, herbaceous cover) (<50%)
	
	

	40
	Mosaic natural vegetation (tree, shrub, herbaceous cover) (>50%) / cropland (<50%)
	2
	Forest

	50
	Tree cover, broadleaved, evergreen, closed to open (>15%)
	
	

	60
	Tree cover, broadleaved, deciduous, closed to open (>15%)
	
	

	70
	Tree cover, needle-leaved, evergreen, closed to open (>15%)
	
	

	80
	Tree cover, needle-leaved, deciduous, closed to open (>15%)
	
	

	90
	Tree cover, mixed leaf type (broadleaved and needle-leaved)
	
	

	100
	Mosaic tree and shrub (>50%) / herbaceous cover (<50%)
	
	

	110
	Mosaic herbaceous cover (>50%) / tree and shrub (<50%)
	3
	Grassland

	130
	Grassland
	
	

	140
	Lichens and mosses
	
	

	120
	Shrubland
	4
	Shrubland

	180
	Shrub or herbaceous cover, flooded, fresh/saline/brackish water
	5
	Wetland

	190
	Urban areas
	6
	Urban

	150
	Sparse vegetation (tree, shrub, herbaceous cover) (<15%)
	7
	Sparse vegetation

	200
	Bare areas
	8
	Bare areas

	210
	Water bodies
	9
	Water

	160
	Tree cover, flooded, fresh or brakish water
	10
	Others

	170
	Tree cover, flooded, saline water
	
	

	220
	Permanent snow and ice
	
	



Supplementary Table 4 Maximum elevation and the median migration distance for Asian herbivorous waterfowl species. 
	Species group
	Common name
	Scientific name
	Maximum elevation (m)
	Data sources of the maximum elevation
	Median migration distance (km)
	Data sources of the median migration distance

	Geese
	Greater white-fronted goose
	Anser albifrons
	2500
	Birdlife International http://datazone.birdlife.org
	251
	This study

	Geese
	Greylag goose
	Anser anser
	2255*
	/
	600
	Li, Wang 2

	Geese
	Swan goose
	Anser cygnoid
	821
	https://animaldiversity.org
	188
	This study

	Geese
	Lesser white-fronted goose
	Anser erythropus
	700
	Birdlife International http://datazone.birdlife.org
	292*
	/

	Geese
	Bean goose
	Anser fabalis
	2255*
	/
	171
	This study

	Geese
	Bar-headed goose
	Anser indicus
	5000
	Birdlife International http://datazone.birdlife.org
	194
	Xu, Si 3

	Geese
	Brent goose
	Branta bernicla
	2255*
	/
	347
	Green, Alerstam 4

	Geese
	Cackling goose
	Branta hutchinsii
	2255*
	/
	292*
	/

	Duck
	Northern pintail
	Anas acuta
	4000
	http://www.oiseaux-birds.com
	258
	Miller, Takekawa 5

	Duck
	Chinese spot-billed duck
	Anas zonorhyncha
	3300
	http://www.oiseaux-birds.com
	343*
	/

	Duck
	Falcated duck
	Mareca falcata
	4040*
	/
	343*
	/

	Duck
	Eurasian wigeon
	Mareca penelope
	3700
	http://www.oiseaux-birds.com/
	555
	Sullivan, Takekawa 6

	Duck
	Gadwall
	Mareca strepera
	4700
	http://www.oiseaux-birds.com
	338
	Gray 7

	Duck
	Baikal teal
	Sibirionetta formosa
	4500
	https://animaldiversity.org
	220
	Tajiri, Sakurai 8

	Swan
	Tundra swan
	Cygnus columbianus
	2000
	Birdlife International http://datazone.birdlife.org
	491
	This study

	Swan
	Whooper swan
	Cygnus cygnus
	2000*
	/
	261
	Xu, Si 3


* Species without information on the maximum elevation or the median migration distance, and the value is calculated as the mean of other species in the same species group. The median migration distance for greater white-fronted goose, swan goose, bean goose and tundra swan were calculated with the satellite tracking datasets, which are stored in Movebank (www.movebank.org) under ID 1614083125, 1614096661, 1614098614 and 1614102131. For these four species, spring stopover areas for each individual were extracted with the space-time permutation model, which were defined as areas utilized by the bird for at least two days with a radius of less than 50 km 9, 10. The distances between the boundaries of two successive stopover sites were calculated. The median migration distance for each species was defined as the median of the distances between consecutive stopover sites from all individuals. 
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