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Abstract

East Asian migratory waterfowѴ have greatѴy decѴined since the ƐƖƔƏsķ especiaѴѴy the 
popuѴations that winter in Chinaĺ Conservation is severeѴy hampered by the Ѵack of 
primary information about migration patterns and stopover sitesĺ This study utiѴizes 
sateѴѴite tracking techniques and advanced spatiaѴ anaѴyses to investigate spring mi-
gration of the greater whiteŊ fronted goose ŐAnser albifronső and tundra bean goose 
ŐAnser serrirostriső wintering aѴong the Yangtze River FѴoodpѴainĺ Based on ƑƓ tracks 
obtained from ƑƐ individuaѴs during the spring of ƑƏƐƔ and ƑƏƐѵķ we found that the 
Northeast China PѴain is farŊ out the most intensiveѴy used stopover site during migra-

tionķ with geese staying for over Ɛ monthĺ This region has aѴso been intenseѴy deveѴ-
oped for agricuѴtureķ suggesting a causaѴ Ѵink to the decѴine in East Asian waterfowѴ 
wintering in Chinaĺ The protection of waterbodies used as roosting areaķ especiaѴѴy 
those surrounded by intensive foraging Ѵandķ is criticaѴ for waterfowѴ survivaѴĺ Over 
ƖƏѷ of the core area used during spring migration is not protectedĺ We suggest that 
future ground surveys shouѴd target these areas to confirm their reѴevance for migra-

tory waterfowѴ at the popuѴation ѴeveѴķ and core roosting area at criticaѴ springŊ 
staging sites shouѴd be integrated in the network of protected areas aѴong the fѴywayĺ 
Moreoverķ the potentiaѴ birdŋhuman confѴict in core stopover area needs to be fur-
ther studiedĺ Our study iѴѴustrates how sateѴѴite tracking combined with spatiaѴ anaѴy-

ses can provide cruciaѴ insights necessary to improve the conservation of decѴining 
Migratory speciesĺ
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ƐՊ |ՊINTRODUC TION

Migratory birds are essentiaѴ indicator species for monitoring eco-

system heaѴth ŐBauer ş Hoyeķ ƑƏƐƓĸ SteeѴeķ Baynķ ş Grantķ ƐƖѶƓőĺ 
They can aѴter the composition of resident communities and change 
ecosystem functioning by transporting nutrients and organisms at 
ѴocaѴķ regionaѴķ and gѴobaѴ scaѴes ŐAѴtizerķ BarteѴķ ş Hanķ ƑƏƐƐĸ Bauer 
ş Hoyeķ ƑƏƐƓĸ Si et aѴĺķ ƑƏƏƖőĺ Migratory birds can traveѴ vast dis-

tances in a reѴativeѴy short time and expѴoit the seasonaѴ food sur-
pѴus in the high Arctic during summerķ whiѴe avoiding scarcity during 
the harsh Arctic winter by returning to temperate or tropicaѴ areas 
ŐNewtonķ ƑƏƏѶĸ SomveiѴѴeķ Rodriguesķ ş Manicaķ ƑƏƐƔőĺ Bird migra-

tion is therefore predictabѴeķ as migrants tend to synchronize their 
spatiaѴ distribution with the seasonaѴ avaiѴabiѴity of food resources 
ŐDrentķ Foxķ ş StahѴķ ƑƏƏѵĸ Siķ Xinķ de Boerķ et aѴĺķ ƑƏƐƔőĺ Synchrony 
between distribution and resources aѴso makes migratory birds par-
ticuѴarѴy vuѴnerabѴe to aѴterations in food avaiѴabiѴity aѴong the fѴyway 
by gѴobaѴ cѴimate and Ѵand cover change ŐDrent et aѴĺķ ƑƏƏƕĸ Knudsen 
et aѴĺķ ƑƏƐƐĸ Siķ Xinķ Prinsķ de Boerķ ş Gongķ ƑƏƐƔĸ Van Eerdenķ Drentķ 
StahѴķ ş Bakkerķ ƑƏƏƔőĺ Henceķ understanding the ecoѴogy of bird 
migration is cruciaѴ for the conservation of migratory speciesĺ

Among the gѴobaѴ network of migratory waterfowѴ fѴywaysķ the 
Asian fѴyways are the Ѵeast studied in terms of migration ecoѴogyķ 
whiѴe they are characterized by the most pronounced humanŋbird 
confѴicts ŐSiķ Xinķ Prinsķ et aѴĺķ ƑƏƐƔőĺ East Asian migratory waterfowѴ 
have greatѴy decѴined since the ƐƖƔƏsķ and severaѴ species are at crit-
icaѴѴy Ѵow numbers ŐCaoķ Barterķ ş Leiķ ƑƏƏѶĸ de Boer et aѴĺķ ƑƏƐƐĸ 
Syroechkovskiyķ ƑƏƏѵőĺ AѴthough hunting remains a probѴemķ habi-
tat Ѵoss and degradation of stopover and wintering sitesķ especiaѴѴy 
those in Chinaķ are considered the main threat Őde Boer et aѴĺķ ƑƏƐƐĸ 
Syroechkovskiyķ ƑƏƏѵőĺ Due to fast economic deveѴopmentķ the 
number and size of naturaѴ wetѴands have decѴined considerabѴy in 
eastern China from the ƐƖƕƏs onwards ŐGong et aѴĺķ ƑƏƐƏĸ Niu et aѴĺķ 
ƑƏƐƑőĺ Despite the rapid decѴine of East Asian waterfowѴ speciesķ 
criticaѴ knowѴedge gaps concerning their migration ecoѴogy remainĺ 
WhiѴe the threatened swan goose ŐAnser cygnoidesőķ breeding in 
MongoѴiaķ has been sateѴѴite tracked ŐBatbayar et aѴĺķ ƑƏƐƒőķ primary 
information regarding the migration routes and stopover patterns 
for other speciesķ particuѴarѴy those breeding in Siberiaķ is missingķ 
severeѴy Ѵimiting the efficiency of conservation actionsĺ

As typicaѴ herbivorous waterfowѴ speciesķ the HoѴarctic greater 
whiteŊ fronted goose ŐAnser albifronső and the PaѴearctic tundra 
bean goose ŐAnser serrirostriső breed in the Tundra and winter in 
the temperate zone ŐdeѴ Hoyoķ EѴѴiottķ ş SargataѴķ ƐƖƖƑőĺ Breeding 
popuѴations in Russia have shown a rapid decѴine since the ƐƖѶƏs 
ŐSyroechkovskiyķ ƑƏƏѵőĺ East Asian popuѴations mainѴy winter in 
eastern Chinaķ Koreaķ and Japanĺ The greater whiteŊ fronted goose 
popuѴation wintering in the Yangtze River FѴoodpѴain in southeast 
China has shown a striking decѴine from ƐƓƏķƏƏƏ geese in ƐƖѶƕ to 
ƐѶķƏƏƏ in ƑƏƐƏķ particuѴarѴy in the provinces Jiangxi and Hunan Őbut 
not in Anhui Provinceő ŐZhaoķ Congķ Barterķ Foxķ ş Caoķ ƑƏƐƑőĺ The 
East Asian popuѴations of tundra bean geese have steepѴy decѴined 
as weѴѴķ with an ѶƔѷŋƖƏѷ decrease in the number of breeding birds 

compared to a century ago ŐSyroechkovskiyķ ƑƏƏѵőĺ The migration 
routes and stopover sites for the popuѴations of these two goose 
species wintering in China are as yet unknownĺ

To fiѴѴ the knowѴedge gap in the migration ecoѴogy of East Asian 
waterfowѴķ we use sateѴѴite tracking and spatiaѴ anaѴyses to investi-
gate spring migration routesķ stopover sitesķ habitat seѴectionķ and 
site protection status of greater whiteŊ fronted and tundra bean 
geese wintering in the Yangtze River FѴoodpѴainĺ We aim to Őaő esti-
mate the habitat utiѴization distribution of tracked geese and identify 
the stopover sites during spring migrationĸ Őbő summarize migration 
timing and distance and number of stopover sites and Ѵength of stayĸ 
Őcő investigate habitat seѴection and site protection status aѴong mi-
gration routesĸ and finaѴѴyķ Ődő discuss the impѴications of our find-

ings for the conservation of decѴining waterfowѴ species wintering 
in Chinaĺ

ƑՊ |ՊMATERIAL S AND METHODS

ƑĺƐՊ|ՊGoose capture and sateѴѴite transmitter 
deployment

ApprovaѴ for capture of and depѴoying transmitters on migratory 
birds was obtained from the Jiangxi ProvinciaѴ Forestry Bureau 
Őreference numberĹ GanѴinban ƑƏƐƔƐƓ and ƑƏƐƔƕƏő and the AnimaѴ 
Ethics Committee at Tsinghua University Őreference numberĹ 
IACUCƐƔŊ SYLƐőĺ From ƒƏ January to Ƒ February and from ƕ to 
Ɛѵ December ƑƏƐƔķ we captured ƑƓ greater whiteŊ fronted geese 
and Ɛƒ tundra bean geese with Ѵeg nooses and fѴat nets at Poyang 
Lake on the Yangtze River FѴoodpѴainķ Jiangxi Provinceķ China 
ŐƑƖŦNķ ƐƐѵŦEĸ Figure Ɛőĺ Birds were pѴaced individuaѴѴy into bags 
and immediateѴy transported to the cѴosest handѴing stationĺ We 
identified their sex Őconfirmed with moѴecuѴar methods foѴѴowing 
ŐFridoѴfsson ş EѴѴegrenķ ƐƖƖƖőő and age ŐjuveniѴe or aduѴtő before 
equipping them with GPSŊ GSM ŐGѴobaѴ Positioning SystemŌGѴobaѴ 
System for MobiѴe Communicationsőķ soѴarŊ powered Ѵoggers ŐSee 
Supporting information TabѴe SƐ for a summary of Ѵogger informa-

tionőĺ Each Ѵogger was set to record GPS positions every Ƒ hr and 
send data back by SMS every ƓŋƐƏ hrĺ The coѴѴected data used in 
this study incѴuded Ѵatitude and Ѵongitude Ődegreeő and speed Őkmņ
hrőĺ Birds were promptѴy reѴeased at the capture site after transmit-
ters were depѴoyed Őthe average time between capture and reѴease 
was ѵ hrőĺ

ƑĺƑՊ|ՊSateѴѴite tracking data

Of ƒƕ birdsķ ƑƓ spring migration tracks were coѴѴectedķ incѴuding ƐƑ 
fuѴѴ spring migration tracks for nine greater whiteŊ fronted geese in 
ƑƏƐƔ and ƑƏƐѵ Őthree individuaѴs were tracked for Ƒ yearsőķ and ƐƑ 
partiaѴ tracks for six greater whiteŊ fronted geese and six tundra bean 
geese in ƑƏƐѵĺ FuѴѴ tracks were defined as individuaѴs that managed 
to return to the Yangtze River PѴain the next seasonķ whereas partiaѴ 
tracks were defined as individuaѴs that traveѴѴed at Ѵeast ƐķƔƏƏ km 
away from the wintering site before the signaѴ was Ѵostĺ We used the 
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GPS Ѵocations covering the period from ƒ days before birds Ѵeft the 
wintering site untiѴ ƒ days after they reached their ѴikeѴy breeding 
sites to describe a compѴete spring migration route Őfor partiaѴ tracksķ 
data untiѴ the Ѵast avaiѴabѴe record were usedőĺ DetaiѴed migration pe-

riodsķ count of daysķ and Ѵocations for each individuaѴ are reported in 
Supporting information TabѴe SƑĺ Despite missing GPS records due 
to sateѴѴite acquisition faiѴure or Ѵow battery ѴeveѴķ we coѴѴected on 
average ten Ѵocations per bird per dayĺ AѴѴ tracking data are stored in 
Movebank ŐhttpsĹņņwwwĺmovebankĺorgņő under ID ƔƑƖƖƕƓƑƑķ study 
ľƑƏƐƔ Tsinghua waterfowѴ ŐYangtzeőĺĿ

ƑĺƒՊ|ՊCaѴcuѴating utiѴization distributionķ stopover 
sites, migration schedule, and travel distances

We used the dynamic Brownian bridge movement modeѴ from the 
ľmoveĿ package ŐKranstauber ş SmoѴѴaķ ƑƏƐƔő in the R StatisticaѴ 
software ŐwwwĺrŊprojectĺorgő to estimate the utiѴization distribution 
Őthe reѴative frequency of the use of a twoŊ dimensionaѴ areaő with 
time series of tracking data ŐSee R code in Supporting information 

Appendix SƑőĺ CumuѴative probabiѴity contours were caѴcuѴated to 
represent the reѴative use at both individuaѴ and muѴtibird ѴeveѴsĺ The 
utiѴization distribution within the ƕƔѷ contour was cѴassified as the 
most intensiveѴy used areas where birds stopped over for extended 
periods of timeķ those between the ƕƔѷ and ƖƏѷ contours as highѴy 
used area with short fѴightsķ and those between the ƖƏѷ and ƖƖѷ 
contours as fѴight corridor with minimaѴ stopsĺ We define the core 
area as utiѴization distribution within ƖƏѷ contours Őboth most used 
and highѴy used areasőĺ

The spaceŋtime permutation modeѴ in SaTScan statistics ŐhttpĹņņ
wwwĺsatscanĺorgő was appѴied to identify the Ѵocations and timing of 
spaceŋtime cѴusters that can be identified as stopover sitesķ that isķ 
sites where birds spend extended periods of time during migrationĺ 
For identified stopover sitesķ centraѴ Ѵocations and radiuses were used 
to describe the range of each siteĺ The main stopover sites were de-

fined as those where at Ѵeast two individuaѴs stayed for cumuѴativeѴy 
no Ѵess than Ƒ weeksĺ Number of staying individuaѴs and cumuѴative 
staying days were reported for these main stopover sitesĺ Moreoverķ 
for each individuaѴķ we identified the departure and arrivaѴ datesķ the 

F IGURE  ƐՊLocations of stopover sites pѴotted over the muѴtibird ѴeveѴ migration routes and utiѴization distribution of greater whiteŊ 
fronted geese ŐAnser albifrons Őaő based on ƐƑ fuѴѴ tracks and six partiaѴ trackső and tundra bean geese ŐAnser serrirostris Őbő based on six partiaѴ 
tracksőĺ The utiѴization distribution is represented by redķ yeѴѴowķ and green coѴors indicating ƕƔѷķ ƖƏѷķ and ƖƖѷ cumuѴative probabiѴity 
contours caѴcuѴated by the dynamic Brownian bridge movement modeѴĺ Stopover sites were identified using the spaceŋtime permutation 
modeѴ from the SaTScan statisticsĺ Stopover sites in China are named by county and those in Russia are named by district ŐonѴy those main 
sites where at Ѵeast two individuaѴs stayed for cumuѴativeѴy no Ѵess than Ƒ weeks are shownő

https://www.movebank.org/
http://www.r-project.org
http://www.satscan.org
http://www.satscan.org


ՊՍ Պ | ՊѵƑѶƒSI ET AL.

fѴight distances in between stopover sitesķ and the duration of stays 
at each stopover siteĺ

ƑĺƓՊ|ՊAnaѴyzing habitat seѴection and site 
protection status

The ƒƏ m gѴobaѴ Ѵand cover product Finer ResoѴution Observation 
and Monitoring of GѴobaѴ Land Cover avaiѴabѴe from httpĹņņdataĺessĺ
tsinghuaĺeduĺcnņ ŐGong et aѴĺķ ƑƏƐƒő was used to examine habitat use 
and seѴection by tracked geese at stopover sitesĺ Eight Ѵand cover 
types were incѴuded as foѴѴowsĹ waterķ cropѴandsķ forestsķ grassѴandsķ 
wetѴandsķ shrubѴandsķ bareѴandsķ and tundraĺ ManѴyĽs habitat seѴec-

tion index ŐManѴyķ McDonaѴdķ Thomasķ McDonaѴdķ ş Ericksonķ ƑƏƏƑő 
was used to caѴcuѴate the seѴection ratio of each Ѵand cover type dur-
ing day and night in each main stopover siteĺ SpecificaѴѴyķ we divided 
the percentage of GPS Ѵocations on one Ѵand cover type by the per-
centage of pixeѴs covered by this Ѵand cover type within the bound-

ary of a specific stopover site Ődescribed by the center coordinates 
and radius of each site caѴcuѴated by the spaceŋtime permutation 
modeѴőĺ

The boundary of protected areas Őobtained from httpĹņņwwwĺ
protectedpѴanetĺnetņő was used to investigate the protection status 
of the areasĺ We overѴapped the protected areas with the GPS Ѵo-

cations ŐѴocation records in fѴight were excѴudedő of tracked geese 
and caѴcuѴated the percentage of Ѵocations faѴѴing into protected 
areasĺ Using the identified muѴtibird ѴeveѴ utiѴization distributionķ 
we caѴcuѴated the percentage of the core areas that are under pro-

tectionĺ Both habitat seѴection and protection status anaѴyses were 
performed in the ArcGIS software Őversion ƐƏĺƏķ ESRI Incĺķ RedѴandsķ 
CAķ USAőĺ

A detaiѴed description on the estimation of the utiѴization dis-

tribution with the dynamic Brownian bridge movement modeѴķ the 
identification of stopover sites using the spaceŋtime permutation 
modeѴķ and the caѴcuѴation of migration scheduѴeķ traveѴ distancesķ 
number of stopover sitesķ and the Ѵength of stay can be found in 
Supporting information Appendix SƐĺ

ƒՊ |ՊRESULTS

ƒĺƐՊ|ՊMigration routesķ utiѴization distributionķ and 
stopover site distribution

Spring migration corridors of the greater whiteŊ fronted geese ex-

tended from the wintering sites aѴong the Yangtze River FѴoodpѴain 
across the Northeast China PѴain and east MongoѴia to their ѴikeѴy 
breeding sites in Lena DeѴta and Yana Bay in northern Siberian 
ѴowѴand ŐFigure Ɛaőĺ No fuѴѴ tracks were obtained for tundra bean 
geese and the farthest an individuaѴ reached was northeast Siberia 
ŐFigure Ɛbőĺ AѴѴ tracked individuaѴs stopped over in the Northeast 
China PѴainĺ Stopover areas were concentrated in the Northeast 
China PѴain between ƓƏŊ  and ƔƏŊ degree Ѵatitude Őfor both speciesőķ 
and the Lena River Basinķ above a Ѵatitude of ѵƏ degrees Őfor the 
greater whiteŊ fronted geeseőĺ

A totaѴ of seven and five main stopover sites Őspaceŋtime cѴusters 
with p vaѴues ƺƏĺƏƔķ sites used by at Ѵeast two individuaѴs for no Ѵess 
than cumuѴativeѴy Ƒ weekső were identified based on ƐѶ tracks of ƐƔ 
individuaѴ greater whiteŊ fronted geese and six tracks of six individuaѴ 
bean geese during spring migration ŐFigure Ɛőĺ DetaiѴed information 
about the centraѴ Ѵocation and radius of stopover sitesķ cumuѴative 
staging periodsķ and the number of individuaѴs that used each site 
are summarized in Supporting information TabѴe Sƒĺ The Ѵocations 
of the main stopover sites showed a good match with the intensiveѴy 
used areas at the muѴtibird ѴeveѴĺ Four of seven main stopover sites 
of greater whiteŊ fronted geese were Ѵocated in the Northeast China 
PѴainķ incѴuding Horqin Left Back in Inner MongoѴiaķ ZhenѴai County 
at the boundary of JiѴin Province and Inner MongoѴiaķ Nenjiangķ 
and Xunke County in HeiѴongjiang Provinceĺ ZhenѴai and Nenjiang 
are the two most frequentѴy utiѴized sites where geese spent cu-

muѴativeѴy ƒƕƑ days ŐƐƓ individuaѴső and ƑƒƑ days ŐƐƐ individuaѴsĸ 
Supporting information TabѴe Sƒőĺ AdditionaѴѴyķ main stopover sites 
were found in Russia ŐKobyayskiyķ Zhiganskiyķ and Verkhoyanskiy 
Districtsőķ where geese stayed cumuѴativeѴy ƐѶ Őtwo individuaѴső to 
ƒƑ Ősix individuaѴső days before they migrated to their ѴikeѴy breeding 
site at the Lena DeѴta and the Yana DeѴta ŐSupporting information 
TabѴe Sƒőĺ Based on six partiaѴ tracks of six individuaѴsķ aѴѴ five main 
stopover sites for tundra bean geese were Ѵocated in the Northeast 
China PѴainķ and three of these sites ŐZhenѴaiķ Nenjiangķ and Xunke 
Countyő overѴapped with the main stopover sites used by greater 
whiteŊ fronted geeseĺ

ƒĺƑՊ|ՊMigration scheduѴeķ distancesķ and 
stopover patterns

Most greater whiteŊ fronted geese ŐƐƑ of ƐƔ birdső departed from 
the Yangtze River FѴoodpѴain at the end of Marchķ stopped over at 
the Northeast China PѴain and Russiaķ and arrived at their breed-

ing site in northeast Siberian ѴowѴand between the end of May and 
the beginning of JuѴy ŐTabѴe Ɛķ Figure Ɛőĺ Based on fuѴѴ tracks onѴyķ 
the period of spring migration Ѵasted ƔƒŋƖƑ daysķ stretching over 
ƔķƏƏƏ kmķ with a totaѴ duration of stay of ƓƒŋѶƐ days between Ɠ and 
ƐƔ stopover sitesķ of which ƒƑŋƓƖ days were spent in the Northeast 
China PѴainĺ Tundra bean geese in generaѴ departed Ɛ month earѴier 
Őat the end of February or the beginning of Marchő from Yangtzeĺ AѴѴ 
tundra bean geese stopped over at the Northeast China PѴain and 
one individuaѴ reached SeveroŊ Evenskiy in Russiaķ ƔķƕƏƖ km away 
from Yangtzeķ before the signaѴ was Ѵostĺ Geese with fuѴѴ tracks spent 
their Ѵongest staging period in the Northeast China PѴain ŐTabѴe Ɛķ 
Figure Ɛőĺ

ƒĺƒՊ|ՊHabitat seѴection and protection status in 
stopover sites

During both day and night timeķ the seѴection rate for water 
was highest compared to other Ѵand cover types for both greater 
whiteŊ fronted geese and tundra bean geese at most stopover sites 
ŐTabѴe Ƒőĺ SpecificaѴѴyķ during the dayķ both species show a preference 

http://data.ess.tsinghua.edu.cn/
http://data.ess.tsinghua.edu.cn/
http://www.protectedplanet.net/
http://www.protectedplanet.net/
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TABLE  ƐՊSummary of the spring migration scheduѴeķ traveѴ distancesķ number of stopover sitesķ and duration of stay of ƐƔ greater whiteŊ fronted geese ŐAnser albifrons) during 2015 and 

ƑƏƐѵ and six tundra bean geese ŐAnser serrirostris) in 2016

ID Age Sex Track Depart YRF
Reach NSLņLast 
record

Migration period 
(day) Distance Őkmő

Stopover sites 

(n)

Cumulative 

duration (day)

Stopover 

NCP Ődayő

EƏƏƐŐGWFGƑƏƐƔő A M FuѴѴ 28- Mar 29- May 62 ƔķƏƑƕ 3 Ɠƒ ƓƏ

EƏƏƑŐGWFGƑƏƐƔő A F FuѴѴ 31- Mar 5- Jun 66 ƔķƑѶƐ 10 52 33

EƏƏƒŐGWFGƑƏƐƔő Ja F FuѴѴ 26- Mar 11- Jun ƕƕ ƔķƒƑѶ 2 52 ƓƖ

EƏƏƔŐGWFGƑƏƐƔő A M FuѴѴ 22- Mar 5- Jun ƕƔ ƔķƒƓƏ 5 63 Ɠѵ

EƏƏƑŐGWFGƑƏƐѵő A F FuѴѴ 25- Mar 31- May ѵƕ ƔķƑƕƖ 6 ƓƖ ƓƐ

EƏƏƒŐGWFGƑƏƐѵő A F FuѴѴ 26- Mar 2- Jun 68 ƔķƐѶѶ 3 52 Ɠƕ

EƏƏƔŐGWFGƑƏƐѵő A M FuѴѴ 25- Mar 28- May ѵƓ ƔķƏƏƑ Ɠ 55 ƓƖ

EƏƐƏŐGWFGƑƏƐѵő A M FuѴѴ ƐƏŊ Apr 11- Jul 92 ƔķƔѵƒ 12 81 32

EƏƐƒŐGWFGƑƏƐѵő A M FuѴѴ ƐŊ Apr ƐƕŊ Jun ƕƕ ƔķƓѵƑ 6 66 Ɠƒ

EƏƐѶŐGWFGƑƏƐѵő A M FuѴѴ ƑƕŊ Mar 21- May 55 ƓķƖѵƓ 3 ƓѶ 39

EƏƑƑŐGWFGƑƏƐѵő A M FuѴѴ ƑƕŊ Mar 19- May 53 ƔķƒƐƓ 6 50 38

HƏƑƐŐGWFGƑƏƐѵő A M FuѴѴ ƐƕŊ Mar 20- May ѵƓ ƔķƏƖѵ 6 ƔƓ 38

EƏƐƕŐGWFGƑƏƐѵő A F PartiaѴ 25- Mar 8- May ƓƓ ƑķѶƑƔ 3 38 38

HƏƏƒŐGWFGƑƏƐѵő A M PartiaѴ 26- Mar 10- May ƓƔ ƑķƑƏƐ 3 ƓƑ ƓƏ

HƏƏƔŐGWFGƑƏƐѵő A F PartiaѴ 26- Mar 9- May ƓƓ ƑķƓƏѵ 3 ƓƏ 38

HƏƏѵŐGWFGƑƏƐѵő J F PartiaѴ 28- Mar 9- May ƓƑ ƑķƔƒƒ 3 32 32

HƏƐѵŐGWFGƑƏƐѵő A F PartiaѴ 25- Mar 19- May 55 ƑķƔƓƐ 3 ƓѶ ƓѶ

HƏƐѶŐGWFGƑƏƐѵő A M PartiaѴ ƐѶŊ Apr ƐƕŊ May 29 ƑķƒƏƔ 3 22 22

EƏƏƕŐTUBGƑƏƐѵő A F PartiaѴ ƑѶŊ Feb 11- May ƕƒ ƔķƕƏƖ 8 61 ƔƓ

EƏƑƓŐTUBGƑƏƐѵő A F PartiaѴ 6- Mar ƖŊ Apr ƒƓ ƑķƖƑƑ Ɠ 22 18

HƏƏƓŐTUBGƑƏƐѵő A F PartiaѴ 1- Mar 1- May 61 ƑķѶƖƖ Ɠ ƔƓ ƔƓ

HƏƐƖŐTUBGƑƏƐѵő A F PartiaѴ 1- Mar 26- Mar 25 ƐķƕƔѵ 1 22 22

HƏƑƑŐTUBGƑƏƐѵő A M PartiaѴ ƑѵŊ Feb 3- Mar 6 ƐķƔƏѶ 2 Ɠ 2

BƏƐƑŐTUBGƑƏƐѵő A M PartiaѴ 5- Mar ƑƕŊ Apr 53 ƑķƓƓѵ 3 ƓƔ ƓƔ

Notesĺ IDĹ Eķ ecotone teѴemetryĸ GWFGķ greater whiteŊ fronted gooseĸ Hķ Hunan GѴobaѴ Messenger TechnoѴogy Coĺ Ltdĸ Bķ BѴueoceanix TechnoѴogy Coĺ Ltdĸ TUBGķ tundra bean gooseĸ AgeĹ Aķ aduѴtĸ Jķ juve-

niѴeĸ SexĹ Fķ femaѴeĸ Mķ maѴeĸ NSLķ northeast Siberian ѴowѴandĸ NCPķ Northeast China PѴainĸ YRFķ Yangtze River FѴoodpѴainĺ
aA juveniѴe when captured in ƑƏƐƔ and an aduѴt in ƑƏƐѵĺ
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TABLE  ƑՊStandardized seѴection rate for the greater whiteŊ fronted geese ŐAnser albifronső and tundra bean geese ŐAnser serrirostriső on different Ѵand cover types during day Őtopő and night 
Őbottomő at main stopover sites during spring migration

Greater whiteŊ fronted geese Tundra bean geese

Horqin Left Back ZhenŊ Ѵai NenŊ jiang XunŊ ke KobyayŊ skiy ZhigŊ anskiy VerkhoŊ yanskiy Bairin Right Jarud ZhenŊ Ѵai NenŊ jiang XunŊ ke

CumuѴative days 56 ƒƕƑ 232 20 32 23 18 26 Ƒƕ Ɛƕ ƕƏ 36

Crop 22 9 ƕ 12 � � � 100 6 3 100 63

Forest 0 0 0 0 Ɠ 5 Ɠ 0 Ɛƕ 0 3 0

Grass ƕ 15 10 0 ƑƓ 6 1 0 3 ƐƓ 55 1

Shrub 0 12 0 0 0 0 0 ƑƓ 3 0 0 0

WetѴand 0 8 ƓѶ 0 0 0 0 0 0 100 0 0

Water 100 100 100 100 100 30 100 92 100 ƒƕ 99 100

Tundra � � � � 0 0 68 � � � � �

Bareland Ɠ ƒƕ ƕ 9 5 100 ƒƕ 19 Ɠ 12 83 21

CumuѴative nights 55 ƒƕƐ 232 20 26 11 0a Ƒƕ Ƒƕ 18 ƕƏ 36

Crop 0 3 1 3 � � � 2 1 0 3 5

Forest 0 0 0 0 3 1 � 0 1 0 0 0

Grass 0 10 8 0 Ƒƕ 18 � 0 1 1 Ɛƕ 1

Shrub 0 0 0 0 0 0 � 0 1 0 0 0

WetѴand 0 0 0 0 0 0 � 0 0 0 0 0

Water 100 100 100 100 100 30 � 100 100 100 100 100

Tundra � � � � 0 0 � � � � � �

Bareland 0 12 1 1 0 100 � 3 1 ƕ 1 ƕ

Notesĺ SeѴection rates were standardized to ƏŋƐƏƏ to assist comparisonĺ
aNo night habitat use as this site is in poѴar dayĺ
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for cropѴandķ with tundra bean geese showing a sѴightѴy higher pref-
erence than greater whiteŊ fronted geeseĺ Both species show some 
preference for other foraging Ѵands such as grassķ wetѴandķ and bare-

Ѵand in a few sitesĺ
In terms of site protection statusķ a totaѴ of Ѷѵѷ ŐƖķƐƏƏ of ƐƏķƔƕƑķ 

greater whiteŊ fronted geeseő and ѶƔѷ ŐƑķƐƔƔ of ƑķƓƕƓķ tundra bean 
geeseő of GPS Ѵocations were recorded outside of protected areasĺ 
When comparing the distribution of the utiѴization distribution of 
geese with the protected areasķ ƖƓѷ ŐƑƏѵķƑѵƖ of ƑƐƖķƐƏƏ km2) 

of core areas ŐincѴuding most and highѴy used areaső did not over-
Ѵap with the protected areas for greater whiteŊ fronted geese and 
ƖƑѷ ŐƐƏƓķƒѶѶ of ƐƐƒķƒƏƏ km2ő for tundra bean geeseĺ The pro-

tected areas avaiѴabѴe for geese in China are Ѵess than in Russia 
ŐFigure Ƒőĺ DetaiѴs on the designation and protection status of these  
overѴapping areas are summarized in Supporting information TabѴe SƓĺ

ƓՊ |ՊDISCUSSION

We observed a ľѴongŊ stay and shortŊ traveѴĿ spring migration strategy 
for East Asian greater whiteŊ fronted geese and tundra bean geeseĺ 
Both species tend to spend an extended period of time in a few 
neighboring stopover sites at the Northeast China PѴainĺ A ľѴongŊ stay 
and shortŊ traveѴĿ strategy has aѴso been documented for maѴѴards 
ŐAnas platyrhynchoső wintering in Japan during the spring migration 
ŐYamaguchi et aѴĺķ ƑƏƏѶő and Siberian crane ŐGrus leucogeranus) dur-

ing the autumn migration from northeastern Siberia to China ŐKanai 
et aѴĺķ ƑƏƏƑőĺ A ѴongŊ stay in a few stopover sites may faciѴitate re-

pѴenishing energy reservesķ but may aѴso refѴect a Ѵimited number of 
suitabѴe stopover sites aѴong the migration routeĺ

The Northeast China PѴain is found to be a criticaѴ midway stop-

over area for greater whiteŊ fronted geese and tundra bean geese win-

tering in Chinaĺ IndividuaѴs with fuѴѴ tracks spent most of their staging 
time Őover a monthő in this areaĺ Besides geeseķ Endangered Siberian 
cranes aѴso use this region extensiveѴy during spring ŐKanai et aѴĺķ 
ƑƏƏƑőĺ Despite its importance for migratory waterbirdsķ the Northeast 
China PѴain experienced a considerabѴe Ѵoss of naturaѴ waterbodies 
and wetѴands in the period from ƐƖƖƏ to ƑƏƏƏ ŐGong et aѴĺķ ƑƏƐƏőķ 
with inѴand marshes in particuѴar being converted into other Ѵand use 
types ŐNiu et aѴĺķ ƑƏƐƑőĺ The deterioration of the cruciaѴ stopover sites 
in the Northeast China PѴainķ together with the naturaѴ habitat Ѵoss in 
the wintering sites ŐYu et aѴĺķ ƑƏƐƕőķ is probabѴy a main reason for the 
dramatic decѴine of waterfowѴ wintering in Chinaĺ There are reguѴar 
waterfowѴ surveys aѴong the Yangtze River FѴoodpѴainĺ Howeverķ no 
census data are avaiѴabѴe to evaѴuate the situation of migratory wa-

terfowѴ at the Northeast China PѴainĺ Future ground surveys shouѴd 
be carried out to vaѴidate the habitat use of migratory waterfowѴ at a 
popuѴation ѴeveѴ in these core stopover areasĺ

By further investigating the habitat seѴection of the two study 
species at their main stopover sitesķ we show that water yieѴds the 
highest seѴection rate Őarea used against area avaiѴabѴe at a spe-

cific stopover siteő across most sitesķ foѴѴowed by potentiaѴ forag-

ing Ѵands incѴuding cropķ wetѴandķ bareѴandķ and grassĺ Waterbodies 

are typicaѴ roosting sites and geese prefer foraging sites in cѴose 
proximity to their roosts ŐAckerman et aѴĺķ ƑƏƏѵĸ EѴphickķ ƑƏƏѶĸ EѴyķ 
ƐƖƖƑĸ Moriguchiķ Amanoķ ş Ushiyamaķ ƑƏƐƒĸ Rosin et aѴĺķ ƑƏƐƑĸ Si 
et aѴĺķ ƑƏƐƐĸ Zhangķ Liķ Yuķ ş Siķ ƑƏƐѶőĺ Geese stopping over in the 
Northeast China PѴain were observed to graze on newѴy fѴushed 
spring meadows near waterbodies after ice meѴt ŐpersonaѴ commu-

nication with ѴocaѴ farmersőĺ Grass not being highѴy seѴected might 
refѴect miscѴassification of short grass into waterķ wetѴandķ or bare-

Ѵandķ as the young meadows geese prefer often occur near water 
ŐAharonŊ Rotman et aѴĺķ ƑƏƐƕőĺ WhiteŊ fronted geese and tundra bean 
geese staging in CentraѴ Europe and Japan utiѴized agricuѴturaѴ fieѴds 
in cѴose proximity to water ŐJankowiak et aѴĺķ ƑƏƐƔĸ Rosin et aѴĺķ 
ƑƏƐƑĸ Shimadaķ ƐƖƖƕőĺ Waterbodies are most vuѴnerabѴe to the Ѵand 
conversion associated with the deveѴopment of agricuѴtureĺ PartiaѴ 
conversion of naturaѴ wetѴands into agricuѴture couѴd be beneficiaѴ 
for foragingķ as exempѴified by the use of cropѴand by our tracked 
geeseĺ Howeverķ as water was most highѴy seѴected by these birdsķ 
compѴeteѴy eradicating waterbodies wouѴd be disastrous to water-
fowѴĺ Henceķ the protection of waterbodies used as roosting areaķ 
especiaѴѴy those surrounded by foraging Ѵandķ is criticaѴ for water-
fowѴ survivaѴĺ

Besides water and naturaѴ foraging Ѵandsķ cropѴand was highѴy 
seѴected at some sitesĺ Grains generaѴѴy contain more energy than 
grasses ŐShimadaķ ƑƏƏƑőķ and since ƐƖƔƏs ArcticŊ breeding geese 
wintering in Europe and America have shifted their foraging to ag-

ricuѴturaѴ Ѵand incѴuding cornfieѴdsķ winter wheatķ rice fieѴdsķ and 
pasturesķ to benefit from the highѴy profitabѴe resources there 
ŐAckerman et aѴĺķ ƑƏƏѵĸ Foxķ EѴmbergķ Tombreķ ş HesseѴķ ƑƏƐƕĸ Fox 
et aѴĺķ ƑƏƏƔĸ Krapuķ Reineckeķ Jordeķ ş Simpsonķ ƐƖƖƔĸ Laneķ Azumaķ 
ş Higuchiķ ƐƖƖѶĸ Moriguchi et aѴĺķ ƑƏƐƒĸ Rosin et aѴĺķ ƑƏƐƑĸ Si et aѴĺķ 
ƑƏƐƐőĺ Geese stopping over in the Northeast China PѴain prefers 
aggregated waterbodiesķ surrounded by scattered cropѴands at the 
foraging scaѴe ŐZhang et aѴĺķ ƑƏƐѶőĺ Moreoverķ maize harvested by 
combine harvesters in this area aѴso increases food avaiѴabiѴity Ődue 
to more Ѵeftover kerneѴs being avaiѴabѴe than under manuaѴ harvest-
ingő for springŊ staging geese ŐpersonaѴ communication with ѴocaѴ 
farmersőĺ AgricuѴturaѴ Ѵands are therefore heaviѴy used by geeseķ es-

peciaѴѴy when Ѵakes are stiѴѴ frozen upon arrivaѴĺ
Increased foraging opportunities reѴated to agricuѴture deveѴop-

ment have caused rapid goose popuѴation expansion in Europe and 
North America ŐAbrahamķ Jefferiesķ ş AѴisauskasķ ƑƏƏƔĸ Van Eerdenķ 
ZijѴstraķ van Roomenķ ş Timmermanķ ƐƖƖѵőĺ Howeverķ massive wet-
Ѵand Ѵossķ in particuѴar due to the conversion of important roosting 
Ѵakes and wetѴands into agricuѴturaѴ Ѵandķ is expected to negativeѴy 
affect waterfowѴ survivaѴĺ Moreoverķ intensive human activities can 
reduce foraging effectivenessĺ Geese wintering aѴong the Yangtze 
are confined to naturaѴ habitats and avoid the surrounding farm-

Ѵands ŐAharonŊ Rotman et aѴĺķ ƑƏƐƕĸ Yu et aѴĺķ ƑƏƐƕőĺ Migratory geese 
in their wintering and staging sites in China particuѴarѴy seѴect areas 
with a Ѵow ѴeveѴ of human disturbance ŐLiķ Siķ Jiķ ş Gongķ ƑƏƐƕĸ Zhang 
et aѴĺķ ƑƏƐѶőĺ In order to generate concrete protection measures in 
the Northeast China PѴainķ future studies need to further investigate 
these potentiaѴ sources of birdŋhuman confѴictĺ
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Most areas utiѴized during spring migration by our tracked greater 
whiteŊ fronted and tundra bean geese are Ѵocated outside of the pro-

tected area networkĺ A simiѴar scenario was found for Siberian crane 
ŐKanai et aѴĺķ ƑƏƏƑőĺ A Ѵack of protected areas aѴong fѴyways is a gen-

eraѴ probѴem for migratory bird species aѴѴ around the worѴd ŐRunge 
et aѴĺķ ƑƏƐƔőĺ Geese are highѴy adaptabѴe and abѴe to survive under 

simpѴe habitat conservation and restoration measures Őeĺgĺ preserveņ
restore roosting areas and aѴѴow grazing on agricuѴturaѴ Ѵandőĺ Based 
on the core utiѴized area reported in this study and with information 
provided by future ground surveysķ the network of protected areas 
of East Asian waterfowѴ couѴd be improved by incѴuding core roosting 
areas in criticaѴ springŊ staging sites aѴong the migratory fѴywayĺ

F IGURE  ƑՊOverѴap of protected areas and muѴtibird ѴeveѴ utiѴization distribution of tracked greater whiteŊ fronted geese ŐAnser albifrons 

Œaœ and Œbœő and tundra bean geese ŐAnser serrirostris Œcœ and Œdœőĺ Brown dots indicate recorded GPS Ѵocationsĺ The utiѴization distribution 
is represented by redķ yeѴѴowķ and green coѴors indicating ƕƔѷķ ƖƏѷķ and ƖƖѷ cumuѴative probabiѴity contours caѴcuѴated by the dynamic 
Brownian bridge movement modeѴ
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ƔՊ |ՊCONCLUSIONS

We anaѴyzed the spring migration pattern of East Asian greater 
whiteŊ fronted geese and tundra bean geese wintering in China for the 
first timeĺ CruciaѴѴyķ the Northeast China PѴain Őcovering HeiѴongjiangķ 
Inner MongoѴiaķ and JiѴin Provinceső is found to support the most in-

tensiveѴy used spring stopover sites for greater whiteŊ fronted geese 
and ŐaѴbeit based on partiaѴ trackső tundra bean geeseĺ The protec-

tion of waterbodies used as the core roosting areaķ especiaѴѴy those 
surrounded by foraging Ѵandķ is criticaѴ for the survivaѴ of waterfowѴĺ 
As both tracked species partiaѴѴy forage on agricuѴturaѴ Ѵand in the 
Northeast China PѴainķ potentiaѴ birdŋhuman confѴict needs to be 
further studiedĺ Moreoverķ hardѴy any of the areas that geese inten-

siveѴy utiѴize during their spring migration are formaѴѴy protectedĺ We 
recommend integrating waterbodies at criticaѴ stopover sitesķ used 
as core roosting areaķ into the network of protected areasĺ FieѴd sur-
veys shouѴd target these key stopover sites to further vaѴidate their 
importance and generate siteŊ specific conservation measures to pro-

tect decѴining waterfowѴ wintering in Chinaĺ AѴthough onѴy a Ѵimited 
number of individuaѴs were tracked ŐincѴuding some partiaѴ tracks that 
do not cover the entire spring migration routeő and bearing Ѵoggers 
might affect migration behaviorķ this study provides the first insight 
into important stopover sites for East Asian waterfowѴ wintering in 
Chinaĺ Our study iѴѴustrates how sateѴѴite tracking combined with spa-

tiaѴ anaѴyses can be used to guide conservation effortsĺ
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