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Abstract

Molt timing and habitat distribution of White-naped Crane (Grus
vipio) based on field observation and GPS-GSM tracking

Abstract

Molt, breeding, and migration are the three main events in the yearly cycles of migrant birds.
Comparing with the study of breeding and migration, the exact molting time and sites of most birds
still lack records. This study tracked 40 White-naped Cranes (Grus vipio) (21 adult birds during the
molting period, 19 juveniles born in 2018) in the wetland along the Kerulen and Ulz rivers in the
Dornod Province of Mongolia from May to August 2018, and recorded the feathers of each
individual. Using the time series clustering method to analyze the 2018-2019 satellite tracking data,
we obtained the molting end time of 2018 adult individuals, the molting period and sites of 2019
adult and sub-adults (Juvenile in 2018), and calculated the daily activity area and distance during the
molting period and non-molting period. Combined with the 27 environmental variables from the
public open data platform, this study establishes species distribution models for the White-naped
Crane.

Based on the field survey, this study found that the White-naped Crane completely lost its
primaries and secondaries during the molt. The molting mode was complete molt, adult females molt
earlier than males. Breeding individuals will molt after the chick is born, the breeding and molting
periods overlap. Based on the analysis of satellite tracking data, the molting period of White-naped
Crane is from July to August. The sub-adult, female, and male have different molting times, and the
average molting time period is 17 days. There was a significant difference between the average daily
activity area and distance during the molting period and the non-molting period (P<0.05). The
results of the species distribution model show that the model performs well (AUC=0.991). The
White-naped Crane mainly molt in Khan Khentii Strictly Protected Area in Mongolia; Dauria on the
border of Mongolia and China; the wetlands along the Kerulen River and Ulz River; the southeastern
shore of Baikal Lake in Russia; Xilin Gol League in Inner Mongolia, China. Landcover, bio_12, and
bio_2 was the most significant factor in determining White-naped Crane molting habitat selection.

This study showed an effective method for determination the molting period of White-naped

Crane, which can be applied to other satellite tracking crane molting studies.

Key words: White-naped Crane, GPS-GSM tracking, Molt, Molt habitat, Sub-adult,

Species distribution model
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1.518
1.1 BEEP5
1. 1. 1 2 385 P 5O

P B3P R 0 58 BHTE e, 2t S RO B 4 Bl B 43 R T 3 T P B AT A2
BIE IR BRI EMECH RO E CHEZE, 1998) o G RN IR BE 4% 55 4]
EMERT, 23 RHE CHMERD ZHe e, B, BN, A3
LRIRAE P B EETR — A S T SN ATRE ST, 7 — AT FRE T (R R MR,
DRI b 0 205 A B 46, {2 BB AR AR 4 ST P ORI, DARE N AR IR AR B, JRRR SN
THE. RIBIZHE. FHESIEs) CF 4L, 1998; Frank, 2007) . P2 SEE T A
HARAE, EYEMAEFR T EEREEWAL. R LERIIT T IRYEM S,
RGKEH . b SR R E el F I A A EES L FE3R, 2012) .

T S SR P (R A R DLR R R o, EFER AR R, R
A H IR 746 20 tH42 80 AEAR, 3 BEEE XAl [l i) 7% S SR A PR 7T, A
KPR RE D . BRI L AR ER: AN NTER
T LA, TEACIEHLAN B i 2 (8] AT, MEFREHRE AL F T UM E AR S
MERELEY), WRAEBAREN TR, AFELWHEE M T G55, 2015 . Fiks)
Yol B 7% 1) sh A 2= FRET A M BEAEE IR K ZE A, AR AT AAERE LN .
BT 3R BN 230 e AT 2 W0 (R P ) 238 S AR [] 7 7 AR X M 22 e i) R R 3%, 5 T 3|
G FRR R R RE L. R B3 (Piersma and Ramenofsky, 1998; Ericsson ef al.,
20140 . HETAN THHEAWTIFRY], ForSRMET AR BB PN 14T . BERET.
REEBA. BERERSHEASEER (Portugal e al., 2010; Portugal et al., 2011;
Steven er al., 2018) . 20 41 90 FEAL/F HIL T LIS HPIHEUR IO 0. #P S A 45
RN B A, BYIES . ERRA P RR ] (e AR . 45 P15 B A A5
MZ . FG, BP S E— T ZHARE, BHEHRE L —NE RSN ERENES,
TR 52 4 P A2k (Guallar er al., 2016) . H BT BT 9¢ = B 6,36 & 59 P BARE
RIHAE. SRHPIR FIRSR TR SEMP 5. B S R R RS
AR 7. BEE AR R, —SH R AT T SRHP P 58, 70 BT
MR HREREOR . FEMBEEEM S EHN, MO EHIRANS 7M. 5Tk
DA 15 246 580y S B Rl AR A SCEH TR 32, 45 SRR B [ 9 40 50 T S 2R PR AL B B
REFFEM LB, HRM RIS SR KRR N—FE5.
1. 1. 2 S H PR () 72

B 548 P2 A e T B LA XS FR I 7 AT AR IR . SR G R REUE Y
B35 R BRI, RS PR RAS RS LR EER L. SN
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

AT EHRPERT LN . rE BRSNS, ERT AR
WA CEFRML, 1998; HE3E, 2012). TSk, WeFAROFE
BUAAESCH, SR ST R #oP R i s, TERGHES, R WAL DIKEGE AT,
RELBR. 40, 5HEAE. #EPESHEERHARRE 43, Py
BAAEEAR. BARCHRNEZE, FESETHENEP . REHH R #T
WFF Ry 73 AR . T WP — BT 2R IZ R A A T ) kAT 11 B 3@ 2R 77 [a) [a] Y
{23 B 4 s TTIAA SRR AR i PAY A 328 47 1) bl o S 5 4 s TV DS v 8 g s 20 AR P R 0 %
B VIR CHREI B VIS SRIE PR TE: VIR —HOE R i . K
K CPRE R Z AN IFIRZB R A M EE (Verheyen, 1958).

PR T TERS IS | HESS BB HOBT 78 % » 20 HHEZ0 80-90 4K, TN (1988)
fEAL S el 5 A2 B HE (Syrmaticus ellioti) HE 24K K fF #1347 THEAS: &%
E iR iR 2 R (1986) XERHNS (Anas crecca) FIEEWERS (A. clypeata) WIHEL1IEAT
THHF; ®mBEA (1999) X 1L ESEY (Arborophila ardens) R4 2P B [6) AT 1R AT
TR . Bribz s, EHNIEXNDEHLS (Lanius collurio) « /NAFEWNME (Apus
nipalensis) « MNEUGT/NT (Athene noctua) « FRZILIERE (Prinia flaviventris) %515
REFFEAT TR OROEK, 1979; BRI, 1982; HEIR, 1996; T EHE, 2007) .
A T R8P T R %, W R B EHEHE (Falconiformes) . #7% H

(Gruiformes) . #M#H (Passeriformes) Zf7125 (Guallar ef al., 2018; Rohwer and
Rohwer, 2018; Zuberogoitia et al., 2018) .
1. 1. 3 S3RHEPIFEHERH 5

PRI B T8 VIR &R, BOVPRIPIRELE |k SETETEF R K
IThERE . ARZHEIEN T, #PSHANES) CnEpE) £ IFH, (B2 T A FIR
AT R KA ES, B iR P sl A g IR K41 (Alfaro et al., 2018)
Stresemann Fl Stresemann (1967) TEAF RGUAT A A AR b, 2 T 06 52 28 ) $530 A
EPERT 6 Mk R D B —HITIEE0E, FrA C&ITa8 T R #PIERE g by,
f5f G Hpyth GBAXE(BERXD Z2)a, BEFITH;: 2) ERKEERTTRZ Ak
P 3) BT G, A XTTRIP; 4) £ EIEIT A 55 R R TT
RHP]; 5) EKEEHITIRZATHAT — e 23, ERFERE R )G H#HIT—
RoEAP, B—8F 2 RELWM; 6 ARSI EHP . Hin, FHREERL
X i i AT BEAF B IEER A 7 BT #e2) (Salewski ef al., 2004) . JWHE% (Locustella
fluviatilis) BFFHIRBHRAFBERIAIHR P, 7£ETT BT G o2 £ 15 A EH
THE, AafE el R4 E A HI% € (Pearson and Backhurst, 1983) . 5
W87 (L. luscinioides) WA FELUFIHPIFE R (Neto et al., 2006) . —LEJfERY ST T4
Joi 2 B —ANET R R, SE R )G T AR R X (Piersma, 1987)



1.3 5

1. 1. 4 B3P )RR BT IT

H B S35 HOPIR] fE R TE RN R 23 28] 1T 21T SRICPIX RER TR
R, PR DA 78 A B e B AR SR SR AK . BTN EMAERTER
APERBERLTHHELERER, AFERENE R AMERNERER, XLy
S ETREH B &M, RAEMEYIRAL (Fox and Kahlert, 20100 . 35330 iy 3 ff H
A2 30% HIREE (Murphy, 1996) , & B &R T AR AT (Beltran er al., 2017)
0 % THO AR el /0 T 5 B0 AT A BT N (Kiat et al., 20160 1P E & BT 75 4L 241
74 (Dietz eral., 1992) o HTRMERRR T . & 8 EMG PR A 2T
IHE K 22 BT 7T\ A FEBIT 7T 5P I K 0K 8 R FIAE — A2 EAT 1) il (Beltran er al., 2018) .
At SRMFERELSE P EIHL MR (Brown and Bryant, 19960 . X EWKE
AP A T AL 2 M BE B VEFER L ZE R (Guillemette et al., 2007) . H
HI X 45 P AN B 1) 5% 28 19 R 2 Bt FE AT e A SR B & HEAT . SEES = T iz A BT &
PP T R RE B B0 5 iR e TR P I S SR AT 3E OB 5 3K i 3 ik AQ U 2R = )

(Guillemette er al., 2007) o A[AYIFAEIPIR REREFER AR, HEEEKR. MK
%S (Calidris canutus) WACH N 12% (Vezina et al., 2009) , @iEFS (Cyanocitta
cristata) N 16% (Woolfenden et al., 1982) , B8y (Zonotrichia leucophrys) N
58% (Hoye and Buttemer, 2011) .

1. 1. 5 B3 H PR BT 7T 7%

BRI BB AR R RGP 40P NPT SR A KA
Bt al. i, WUPSE. AT ANLEFR TS, FERAREEETTR. Bl
fit FI o 22 G eb AR B AT 510, 12 B LB R B A5 LB AT 1R 2 &y R REAT RGRT #P)
WrFe (HZAE, 1998). T HPINIE KIENGEIEES, HEEMAIANER, B
R (Stone, 1893), b4 BFA LR PIB F iR T HERE . BF A ORI 7T
) A e AE S SR IR AT E R 3, R IREX P RIRM TS, TLAE
T A [R5 S AR A B FE AN P 2R L I 4 P 5 AT P e CH A%, 1998) . GLIH
LR PP BRI T 52 E B AME IR . B SR MERA A RGN, SIHHS
171 0 73, PEBRKRBRLINT 1 70, BA=0Z—HPNET 20, F=E02—2=0
ZHIPEIT 30, ol R EE R EWREIT 40, BFPETT S0, —
RS 250 KR 10 1R, EEMHMAR] “HP %7, S01E 0-50 7220, REiEE
7 B ) 20 M (] VA 2 P SR A L2 SR A RF 2 I [R) . T 46 H BRI 45 3 H B CAshmole,
1962; Newton, 1968; Underhill and Zucchini, 1988 . A% Fi 8] AL Ay 28 1 (A1 3 B RS SR 40 &
BRI BIE A FH, BRI S0 # PH H T 46 A r 22 I () 45 A I 22 O A T
FEM A e B R A AR R R RS, BPED, BARRE
HOP B IEZR AR (Pimm, 1976). /S BT 52 18 MM G kR o Hrix ik
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

5, BORREIE T — AR S . Emi et al. (2013) Zi T LAER IES
24T Underhill-Zucchini #2844 “molt” &, f0VFF 7 70 & Ff (0] 9 AR Y Fh 45 o P A5 T0Y
BEAk, IXE R HOA VTP S S OF e B, FREERT) . 450 B BIR-FIED T
TR,

B AT LN AT R4 PR T A . Vieira er al. (2016) 1E [ FG Eg & 4# A
75-300 mm FEESLHATR T 2054 K BEIMERS (Rynchops niger) HRF, 2 RATHE.
A KE TR, AT LA A B B AR AL, R RIRI CRREAT R 04 . Bt
WX T 1418 H B BMERS (45770 B, ATERE 7 B9ME RS 460 /) B AR AN R 4Lt (a) .
IR SR ORI A SR X SRR T AN, FEMREZAMASIE D, ATRE
o AR A X T AT, AT I IR ) 5
1. 1. 6 BSEFPTH A

1972-1973 4E, Douthwaite (1974) £ %% Lk W & 0 K IR ( Bugeranus
carunculatus) HNIEEHP, HPIRIAEE KT, #PIHAE 1-4 H. Folk er al. (2008)
1E 1993 Z£ £ 2005 Xt 71 R EMES (Grus americana) AT, Bt MR EKE D
K UEMBHPIE R, HRFENE 7 8 RAMA TR HPIT AP 4 /AR E. 458K
BRSO BN, TSRl N 38-46 K, FYYRIIEH 44 R, #PIRIAR
BHZFEEFEMBRNZ. WEE (G. canadensis) NATELII], BRI YA LAE
1 ERSERIE, A Wl SNTHE 2-3 £4 85 (Lewis, 1978; Nesbitt and
Schwikert, 2011); ZFEFIEY (Anthropoides virgo) HIHRPIFEA NI TE4 I (Johnsgard,
1983). MFHEEE (2000) 7 1997-1998 XTI RIEEN A T 2R 10 R AR 4l
BN EERKKEEWMEM 7 R, SRREAMEESH CH, BH., NE
PRI, SHRE Bk, TR 2 — AN ES I AR B [A] B FRIR 2. Zhang er al.
(1998) M 1989 FEFF4RHH 5T 1 20 A A THHFFIFTNE (G. japonensis) %)) LT E
AR AP O, 25 R R TR )2 P IR OB = 20 YOI )l 48 R it
Fra e MBI AL, A D HANME LUASEE I A 748, B TS 45 Bl Bl /9 R 5e
A v T P B PR, R ACh A 8P . H AT AR B RS R A
P [A] 39 A 5% SRR A
1.2 B 3EEREFHI AR
1.2. 1 BRPREH AR KR

BRREE T PSR, HE, ERBEBMEAR, fEFEME. StHHhEE
PR . DR IRERS T, AR IREE AT R BB K (EZE, 2009; Gilbert
et al., 2010) . JoZk HUIB BERHA 2 I8 Jo 4k H i i) R S R B O B 58 sh i v B ) 77 1%
B FE N SAAE ) = A 08 AR AT B Eh W W iE sh 5 B0, B2 AE R Fh 720 sh ik A7 R ER A
PR A PR, JCVE X IR AE PR BRI ) D AT BREE (PMEAITKIE =, 20090 . St
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1.3 5

P ENRAL (Geolocator) ;& —RENM IR ICFK R, UL B HARZETIEASH
I ZIFOCERAE S, R4E 0 M. BRI RR T H ERER R RTTEAL B AR . Jeliue
MR N, BRI, WD REEEN H SRS RERBEN LK B KT pE T
7 (Stutchbury ef al., 2009; Bridge et al., 2011) . a2 B &L BN EF B
A0 FEAHBRES, MAAR R E A RSRE SR LI R
R, RIS ARA A (. FEBARD kot b mReERMESE IS K
JURE Hb P A% e R 3R B (ELEAT L, T DABA O 12 2RO AN AR 10 o8 B T 20 A X 3. A
BEHUSAE LA R TS5 B (Bridge ef al., 2011; SEZE, 2013) . LEMBEHA
TEANMGH L RFETERESHE. RFEU—ENRREFRIIFAREES, TE
BRSSOk 2t I B AL PR, 22 B o) H AL B S AR R R AR BT TEA AU B i
R 4. 4E. BESHIE, REUEBEMTRRETAE (HAGE, 2008) .
TR BRERE AR T] LATE A (0] 9 18 B A0 K E R HEFED RS B, AT aamtn) . iIT 5
SEURET (], EE B EU ROT A B Ak R, BERERTERERE)T, BB EA, nLITE
S BRYE R G EF AR S AT ERER IR (B EZE, 2009; Borger, 2016) . GPS-GSM iR
BFEE AT LIKE A BR 58 AL 2R G5 1) 34 80T 2 BRF2 3l T R R K BT A R 2o A%
A DLRP ) T AR 2 R B0 R ER IF 15 BORS B RS R 8 B GRAZFE, 2017
1. 2. 2 B3R EREFHORTE S22 TN A

A€ [FIAL R I 5 VET] DR KRB A 3R 90k iEAE M 38 Z T — IR G,
B EA R HIE(E ST LA — AR . Gl RS0 E EIE P R A PURAE . SRR
{8 5 [ AL R I B 7 A FRAEBEAT UTAC . SUAERS K IR 38 M 7 B (Newton, 2006;
Newton, 2009) o {HAff XA &R0 7 S 2K P A —E R IR1E: iEshEHE
BN S AL MR AL B [ AL R 0 25 J AN A R AN H B0 (R AL R S B AT o
TR, REZM RS G RRSHE; PEANRMNESESZRZMEA
R, SR AN A B SRAE L  f AR TT BE XSRS dn s R R S E AR (M
HA, 2013) .

T2k FELIE I AR AT N T30 E AR ST . 1989-1997 4, Gilbert er al. (2010) £
[E g E s 8 R ARMAS (Botaurus stellaris) “%3% | L KT, FIH =MAEALH
FARREALE o I W55 SRR RIRAS &2 I B [ S 258 . M R E
R S EIE TR, IOV “TERRT 1Y, SR B, AN
5267 “NERR” 1. BT MR AR (8] 58 SONTEBRIRSS R AR 5 . (R 5 I A RE
U BT RE #R R R R B, B EEERENANIN .

BN IR S AR RERE R £ 5 2K 3P 8T 9T . 2010 SF 2 2=, Nicola et al. (2015)
i RS B AR LB HE FK e (Hirundo rustica) WIETEMEFF 2235 8Uth 3 E AL
Ao T I PR e AL AR A BRI T K B L DA AR A A R B . 4

5



T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

FHFENL AR S B A A TAEAZHPIRIIRS], AT F kS RS HAME T L
B Rt 56 B PIR BE B 38 0k A - I S R RIT E T DU AR KR I RO
ENALHATHEF . Grissot et al. (2019) g FIXFh 7 1% B A EE (Fulmarus glacialis)
BEAT THTA, ADELE KRB FOCEUE M EETE 1-2.5 g, 5 3 Bl — Ot RREE M
HKRIEME, 7 5-10 78R 03— IR A JGmAIR ERE . i T4 )i SAEAE 7K
T 5 B A TR BRI, R b AT DA DA B2 288 5 i 7 B it 1) f1 38 Ak A 2 b B s P 0 . T
H.AT L ot B E A R B A A R AL B AS B o W 70458 B R IME I AN FREE A
AP A5 SPIIN [R) AN (] S ol A A6 65 T %) ) 452 28] et ]t AN [

Lewis et al. (20100 f£ 2007-2008 5=t S 0 1Lk i 7 SR A T2 BR B /5 i 25
39 HBME (Branta bernicla) %% 7 DR IREFRE . TEREEZ T 6 /NITILE—M
B, ARENCE BRI AL S B R S, HEN R TR R T AG R 3. B WA R
18 /NI AIAHRE 36 /NI ) GPS (L& L WA, P AHESE, HEFHER iR . I
RA S 5 H R R F 3958 KT Hi T B0 40 0~ £ R OE 4 DU A R ZE I, XA 3
e A SO P R IT 46

1.3 # S ik IFMAR

1. 3. 1 1 26N B B SRR DL

WS IR ANV AETERI P, VAR PR R R 2 A miE s & 4
B EEF B S A (Morrison ef al., 1992; Block and Brennan, 1993; Franklin ef al.,
2000 BHPIEIAGE Mk £ — AN BRI A, GEIE B Ao A S B R AT BARE
R AT PEAL, TR S AR X A B R, A B A ORI B O (X3
(Holbrook and Schmitt, 1988; Andren, 1990; Carey et al., 1992) . 2445 245 &l 73 WA
R ZE AT, AR 2 sl W] DA I 3 Y508 28 1 SR 06 SR o A B M Y 3 E AT WF 5T (Thomas
and Taylor, 1990). Johnson (1980) i s fd A JEFf s i 25 T G 2 b ) 55028 o 4o
S R B HEAT S F o, AN A RO 25 ARG A R AR L 2 iR, AR R
JE£ b S5 ma b e BT S B A TR

SRR EHIE RS SRFHNEANBEZ —. N FEEMS, RITFIFALS A
R B, BE. PR RTEMEAES I HARZ A EE 2 TR, AR HAE R [H]
A7 ] L A9 S R A S 2ext TR L L L 34 (Clark and Shutler, 19995 %%
FRANERSCE, 20000, S3RATHE IR SRASFMEENZG, AT TS
PR T AT 23 () b5 AU 2R 8 75 SR 145 5L, ] DUAE B E 4R 1 IR9P 2 W (Mathys et al.,
2006; Lopez-Lopez et al., 2007) .
1. 3. 2 55 2840 P T J2 L3t 5% (O BF 7T

B PIN S AR BN T 2R UL E B R EER, KEHIRIIES. 048R
ZEARH AT, TP S 28R)IEaRe Sy BN B, 2 T BTN X A P Ek
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STV E AR R RE ) . B A4 2R A 2 M B R B R BE E R oK,
{RFF S AN 4 2 BRI 3 1R ZS (Fox et al., 1998; Gehrold and Kohler., 2013) . 71 4
AE|— AR R T ER B BRI 2, X S AR AR . i, BRTE
RS RES, RN EWHREAE, EATTRSMA KERAE (Fox eral., 1998).
FIT AT S 25 440 o R 5k 3+ B2 (Gehrold and Kohler, 2013) . 1204 251414 1 1H
Hhi BT AT RSP B 2, 1 B — BT a4 Pl e iU (Gehrold, 2014) .

TEHPI 2R, FrA BRI B R S BRI U B A mlf, X3R04
FAMR R 1E ) RV (Gehrold, 2014). — 19, 2853 3] i 55 B 1) o) 6 2F Kot
IR E RV, XY B AT RE A B RS, X SR R A B A H LA 1)
7 T4 A 4R AR B (Gow and Stutchbury, 2013; Nordell ef al., 2016) . 4 %
59 AT 2P) i R o A 2 Y S SR T R L AL AP R . G0, FREERS (A strepera)
46 P AT B b B K A S R L KR . R EEMANATIMEE A 2
3K (Gehrold, 2015). BtAbh, 5P B 24 0 2 &R AT DAFE K 2 80 2 25 15 2R .
KER (Clangula hyemalis) W]#2PIH BHTE A E)F 7 s i 2 0] 2o B BN E 57+
(Flint et al., 2004).

$5 P B 5 SR A AR AU () 8 ) 2 PR TR 1, TERS S i e F A1k
(AT S b 48 P SR 2% AR K L R ], X AP B BA R A A & AR, ] AR gt
R FIE RS B &% (Fox and Kahlert, 20100, PI, X T-iX Hoifi B () (740 F0 & B
A BE SRR — DR B E BN & (Chambers et al., 2011; Wiederholt ez al., 2018 ).
A0SR ASFIE 2 20 4 P At T DA T A 2 B SR S AT R S B e R B 4%l ) R4 B B ]
REAS B LAGR MR 2 i 2 254 8 T R eSS . DRI, 8 A AR e A1 22 AR b B e A 1R i B
FN R TR B R TE U R I 3 RN, FRe8 P A B g A\ 44 i BT ) R 47 LAR
(Pyle et al., 2018) .

1.4 Fh oy miRE
1. 4. 1 ¥pfh o A5 45 BY ] A

YFh 3 A i AL (Species Distribution Models) £ B XTI i) 70 dE, KIEZ
BRSBTS R B R R A TR 194 AL (Guisan and Thuiller, 2010), %5 8 4E4EA] LA
TR B IR, A SE E S DR E R B S KB (FEKSE,
2013). (B AN B 2 i P F o A AU g AR R AE S AR AL . S R(EH . £ &
PIREAY, ARSRREAY B YRR R B DA R HABAR G AR AL . W o A A R 8 AR 4T Hb A
RV P4 AT FERRAE A E MR R AT (1 & R AN 745 & B U B R
FEIX MG LT, BAYAT USRI H RS E M SR R BT GE 77 . Z 5 EX T S
FHIRRTE . BARARIREE L A Z RS AR A EE & X (Elith and
Leathwick, 2009; Guisan and Thuiller, 2010) . 4Fh 7 i A4 B FL A B 70 AL U5 2 A P B
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

TE SRR R RWT T, Grinnell (1904) il 1 #0470 5 FRE IR 7 9 AH BLAR F R4
il 7RI EE X RS R T RN 2R . 1977 4, Nix er al. (1977) HFAE AR5
ik BTN/ E Rl T s P & S 7 A b G A S (T PGS bR i &S
RRF AR R TR R R 7E 20 HAl 80-90 AR, THEALHA. 3S HiARF
GirtRl PR R R, SRR BT IR RE AR Rl p R R SRR
EHSRARZ , (R0 AT B N F B8 KR I85E, VF 2 YR o A AR R R T R A K
A I . e AT DU B | AR OL R T AR B G ST R BTV BRI A
JUSCERAERERY T SO R 23 25 5 B AR A B AN BE ML AR AR S A .

BEALARMABLALAZ 2001 SR M A — R T 0 W R HIE, ARG RIS 5 i
FHEC, BT A KB 70 JSM BEATIC SR R 3R M B p TN RS . itk Sb, BEHLAR
PR LAREAT [B1 A A 5 55 2 Fh i tt o0, T HASZIEZSE . 7 Z 57 5 R B 1%
LRI AT IR A RIH 2 (2R, 2013, 2019). Maxent F2E 22T | KR
FRIREAY . M7 AR FE R R AR, WA SR EALRE LR B R A E
WRERE R, BRIV K. Phillips er al. (2004) B VK 5 KA T S F 34 Fib
XTI, A ERAE A SERR B o AT N AR R 2 R s KR 2 AT R . MaxEnt 5
sk TS R B ST MR T L AR YR ORI 20 A AL R BT AL SR 2 AR B
B ARKM, BRFZFM TR A a] gett, M) CATRI A 2E BT 7 X 80k
CA:le il (Phillips et al., 2006; Haegeman and Etienne, 2010) .

PEERR R R E HIL, AR E R TR S0 o A B P 3R 3 - Elith er
al. (2006) XREEMF 6 MHIX 226 MYIFIHT 16 FREBTNERAT T HE, @il
ISR RIS, 8 A SL BRI SR SROPAS T . B T S8 @R, )
SIPERIEL . GARP Al BIOCLIM, IERZE T il & Fe R i BAR 2 N T4 73 A
BAIILAY 2 Tk . B RAR Y] Maxent B BARUFHITERER I . Mieral. (2017)
flE AR | BEALARMASE AL | 73285 [B] A4 AN B KR AR T A ) b A AR B X /R A
HIBELE (G. monacha). BB EIE (G. nigricollis) oA LFKFHAT ¥ 4
AR B BENLARARAE AR PR AL 7 — DA AR, JR N R Rz ) 1 AT
KR AT, R TR IR RE .
L. 4. 2 W)Fh oy Fa iR BAPP AN 78R

EYITh AR R, WA Tebn g SRR fr R . REIUE . TSS.
AUC % (Hanley and Mcneil, 1982; Allouche et al., 2006; Cohen, 2016)., AUC B2 H T
RZINAT 2B, Tz H TR BE A, (Vanagas, 20040, DAMBEA % 3 1F Syt
Abkr, EFAMEZOIALYR, 26 oRET LRIy ROC #i4i. ROC M 4o At g AL brfl
FE AT AR R Oy AUC H . AUC {EAEDR B 8 sl 2 R, AT B AE A [R] R 4B
AT SRR M BEEAT UF £ (Raes and Steege, 2007) . 24 AUC B £ 0.5~0.6 Z [A]R,
AT R 0.6~0.7 Z[6], BAFMERZ=; 0.7~0.8 Z[6], FHEAITMSE R — ML
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1.3 5

0.8~0.9 [0, FEBIFIMILE BIF: 0.9~1.0 2 0], FEEYFRMZ5 BFR L (Swets, 1988).

1.5 BRLES MR

1.5. 1 HFLES Y Fh fai

BRE N H (Gruiformes) B8} (Gruidae) B RAH T, EHFE I HKE SR
FADY). 1R EHR R B (TUCND i HIA S aifl, 2ERMEEHE 6250~6750
H (BirdLife International, 2018) . HFLEGHEREMR AL, HRJE E K AN 50 B2 ik #R 87
Barfa, SkEyaE, LB GHEAMEIT AR E A AR, BATE SRR, REX
MBI FEM, L1bTRIOmSMME. AMEIImEM 4 BmITiE, 25 5
Ay, WE DS 6 A4k (Johnsgard, 1983) . HEFLESE5E T % .
Zm A EA AR A SR X A R i 5 i R RS 2R VR AN B O BT R
(AR T SRR =0 SR o A HE G A BT SR ANt S SR T o R i sk AR A 4, B
WA RARE A B IT M IR A E T AR IEE E X, DA HAUMNEE (A3, 2005;
BirdLife International, 2018) . WG ZICE . WILELEM T REIJLREGH . W
T AT B R = A U E K AR ORI X2 B RS I T A Al . AR, BT E
AR AL P SR, LRSS . NN TFHimys S AR A R, BafiEH
HHEE S BT FERER (BirdLife International, 2018) .
1.5. 2 FRLES TR EREEHT 7T

1991 %% 1993 4, Higuchi (1996 /57 H AR T W4 7 11 H e, 3f
G RAMERER T LEREERS. LEMESRER T OMENT gL .. EENTH
B AN AR At 1T, RN X e B BT AT B A R AP X, TE R A b ) fR AP X
1ot R T R B 2R B A B B X 38 (Higuchi er al. 2004) . 2013 4EA1 2014 4E[H prf
FEE o, FHERBFREMZELEEDDREFRF P OAT HEBRITRE 7 12
HEmey. 2 (2015) X 8 HHUE T 75 HF FRsIHR 4 19 B v e i T2 BRER S E 31T
T, WA T AR RS R 2 Y ) % s 2 R i B e 5 . RS2 52 (2017) 7E 2014-2016
HAEF GPS-GSM IREFRBIREET 17 R Afi#y, He M TEREEEIE T T %M
WS AR . &5 BRI A RS 1 S B 20 A 1 0l 5 A Y T 25 SR ) & FE AR T .
1. 5. 3 GRLES A S HE FR A 5T

H Al CF X T B RS RO S 26T 70 038 AN S e % . B A G B Hh e 4%
S HUE IR TT . IRE (2007) fEFL IR HXT AR Bk AR . AL &
BRI DL S BN AR BRI AT TR T, 5 SRR A P S5 VB A SR A AR AL B B )
FEG A, FHEERERNE L. XHEH (2008) XFERLE BLEAE SRR F R A
IR FER B A R A O MRS B S R E L. Fujitaeral. (1994) 7E5HERY
W 9T 3R B8 B RUES B AR 3R R SRR B ETE . MKV O b, VA AT 5% . Bradter
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

et al. (2005) 7E %% E AR AL 1 H) S B 26T VTR 0 (5 bR R 58 & AR Rk AT 1
7T, RYIERLES Y I £ X 20978 UL R SIE st AH 48 f Bt AR . R (2015)
MR < /IR S R FEE XS 7 280 FH B 2% ) RS B R S B R A5 T 7. RIK W]
S (2017) X F T SR DXCIOAS R GR47 DX N RS T TS 5 RS Y AR S AR AT T B
Bortlr, RPN ARSI AR T mAAE ERER. HEl, B8RS
TS AR, R A BRI B R A AT T

10



2.0

2hE
2.1 X1

AHFR AR XK (N 41°-54.5°, E 103.5°-120.5°) {04545 % B 4 R BE IR 7
A A AN E DL & R DU RIAsEX, 5 B h R E DL R E A 5 B 6 X AR
(LB 2-1), HA, FFAMEEXEAL T 5 E A E (Dornod Province) FY 70 & 487
(Kerulen River) F1Z#z&5 (Ulz River) RJVSRVEML, 7 T HERE, HREE
N 640-1000 m, KEIF2 PO, LALAR 48 E, AR R K A
KA, AR A B M f ) E i (Meine and Archibald, 1996; Bradter et al.,
2005) . 4 H B 251~260 K , 4F-~F P& & 150~300 mm . £Z=-F S R-15 °C~-25 °C,
PSR R 18 °C~34 °C. T E AR TE RIFX EFREMH L 2 48RP
[X (Strictly Protected Areas) #ll 3 I~ HIA{R47[X (Nature Reserves), 4P 1440.9
7i ha.

105° 110° 115° 1208
L 1

_ : ~{ P = :
L - . o (,_.‘.-—-"\,_g’/"ri 1 A//—’ —
) p- 2 L _//r\l"._, - _7k_{;k pu
— ‘ i ,/

P

50°
1

‘-\: -
}
50

45°
L
T
45°

]Kilometers

L T i I
105° 110° e -

M 2-1 B 7 X 4,
Figure 2-1 Study area
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

2.2 HIRWE
2.2. 1 ¥4MAE

2018 F 5-8 A7EEF/MAE X GG AE i F AdEs, BE oM E R 2 1EMN .
TER BN VRS I 5% 2 15 b 46 P A T AL sl 40 SR B 1B 00« %o A T 45 BA #Y)
FIALESHHT 22 &R, TR BEAEEPIEN, SR w . Rz b, AR
FLILXT EIR A AR R T 22K E (G grus). ZPERIKYS (Otis tarda) WP R
BT TIRE.
2. 2. 2 EREF R ER

2018 4 5-8 JITEEFAMAE X 800 b F 46 P HAAS i ®AT ) AL RS AT e & 4R,
# GPS-GSM T EFRER#:. A 7 X BFUES 3P T 2 SR 70, IR X4 AR A A
PRHP B2 5, BRI R R A AR e 4 5 3 0 24 68 AR Y B PR 4 S th kAT T2 BREE T
5. IRERBROVAEF=T R AMMEARG TRHARASR, 54 HQLG4021S. Z4eTy
AONBRFRRF0, RAE IR EAERR EOE Y0 A R AE AR AR 4+0 . A 00T 548 A =40
28 20-22 mm. PREFERRA GPS 1T LEEN, GSM #AT(E 5&H. #EaTR
JUORPHEEGER, Py EE A BRER R B SN | AN, M SR EE
SEARE ST, HAALE. 4E. BN EE. NiH. BE. BE. BE. BE (R
SLEE, 2017). BAEREE N AL B C. D FIERL S NS, IREBRMRINEHER
N 44 g, LURMMERER 1%, /NT P& EoAR R ER 28 R E AL A E 3%~5%
)2 5618 (Barron er al., 2010). Hil GPS-GSM EREE £40 NG RIIREEHE . § R4
AR EE {5 A B B )T LA 2018 TR ERER 2 H & 2019 KR AERT AL . %) TLE R
EREUE AT, GUit A AIREREIE, MIBRIEHERES “D” M R RN .
2. 2. 3 IR HAR AR

AR HE B AL ST I A (945 R DA AR 5 (2017). Mieral. (2017) %5 ALY
o 20 E TR ENIER T. ARIFALEET 27 MARTE, 8
ik . WE. Ym ., HHiER . R RGES. BEAKRER. FERMES. FEiE
BB B RARER T (R 2-D. HP A UER TR ELE R E WorldClim
4 FE Chttp://www.worldclim.org ) » 3 M IEHR 0 HE 42 B8 B A 3 [7] 1) 304 < 7E Natural
Earth #(4ff £ Chttp://www.naturalearth.com) H FEGERE Al #E. WA E . 1+
78 & FE R B Tis e R HER R 4t F5E (http://data.ess.tsinghua.edu.cn/), & H)
1y 2017 4.,
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*2-1 BRI

Table 2-1 List of environmental variable

75 HEEEE SFes

1 BIO1 CAEFHJiRE)

2 BIO2 (H ¥R %)

3 BIO3 (2Rt

4 BI04 CllJZ=EFiME)

5 BIOS CH#H B il )

6 BIOG6 (&% H i B (KR

7 BIO7 (A5 FE D

8 BI08 (FIBZFEREFIILED

9 BI09 (FRTZEREFHIRED

10 BIO10 (it AR PR

11 BIOL1 (I 2= ) http://www.worldclim.org
12 BIOI2 C4ERERT ) (1-22)

13 BIO13 (gl A FE &)

14 BIO14 (T HnkEma)

15 BIO15 (FE/KZFAIED

16 BIOl6 CHRifZ=ffEry A

17 BIO17 (R tFEREME)

18 BIO18 (AR

19 BIO19 (i Z=fEfFmE)

20 Slope ()

21 Aspect (H 1))

22 Altitude 440D

73 Dissettle (PR R AMEE) http://www naturalearthdata.com
24 Disroad (FEAMIHE) 23207

25 Disriver CFRJAIfLEE &)

26 Dislake CFRJIAE )

27 Landcover ( T-Hi7 %) http://data.ess.tsinghua.edu.cn/
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T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

2.3 BiEsTH
2. 3. 1 ¥ o i s 0 0 E B A

AT FAEH ArcGIS. R i 5 . Geospatial Modelling Environment (GME) F Salford
Predictive Modeler (SPM) JUARHAFREAT EE 04T . ArcGIS 72 ¥ 1 B 1] B H N A
8 7T AR E AR KR A EEE, AT A2 Web M. KA GIS k%
EHE . FEANAET . A7 ArcGIS ZfilHiE . R EF 22— M. T,
it R LAEE ZAE AR B G i, BA THMEIERE, 7 ASEILA ),
ARG 7. AR, 7RI, dELPERIE, Hm), B3, wla)F 5
A% . AR R 1ES T dplyr. geosphere. parallel 1 rioja S5E.%} T/ FRER
FPR AT I (8] 7 31 5 25501 . Geospatial Modelling Environment A2 N /01 TR,
ASHIE FEAE 2R AT X AL B3R B s AT PRIE SR L. Salford Predictive Modeler 9%
B, AT LA S TN ASE A R A AN A B AL . AT SO R i AR S B L AR
PRIEAY,

2. 3. 2 ML I 8] 51 5 S E 5 P

AT FTH AP T 5 SORAMEA B RAT BT LA R VAT HIR B, EEE AN, B
FIRIE e, BT S A S B8R R T AESCR . PRI AP R AR, XA B
PP S RUE. WREAR, AEATFREEN. 2018 FIREEFISSIE T —FET
PEM B BB M AT 2B T B R BHE SN R, ARBFFHAE A 2019 A/ T B4
1) T R B R R AT I R e 9 SR 2 00 - 5 AR AT X B

AT FUEE T TR IR R B A I () o 1) SR SIS ) 7 v 1 o P 1« ot () P 91 LR A
FAETH), H— AR AR E AR CREEFZERE, 2012). S5&afnSidE
ANE, SEFA KB RIEE, MR FYRhrdRE (EE, 2017), &EiF
ST DL B R R I — B FE AR S CORFBEAIZERE, 2012). AR 48 ML ZZHT (W] A
[F] , B 18] 2 1) o ) el TB) AT DA R4 S 2215 F3 A B AT AR AT i 18] TR 20 CBRAR 4%, 2009) .
RN H g2 5 MR 2048 o4, AR 3T SRS B /ME, BT S ARALE
A, MWIMIR ARG ICEIRE T R4 (Liao, 2005). T E FREREIE & — Fh A (6] ¢
IR, RN ELE LN, I mBen i E5 R EF L. BTN S 2E0)iEsh e/ ™
HTE, A7 H & ORBRREE . & HiEsE g Mma Higsh it 3 MEEX T
B PRER BRI AT B 2 R A . Horh, &R/ B 5w DL E R TR R B O
IEH, E BNk s 2a H & KBRS A AR R A S ST B AN
WiEshEE B, B — REGFT A AL R B R ER B AR NS 204 HiEsh iR s . 4 H g i R
AR AR v R iEsh AR iR FIRENS RPN —PMERE, AR
FEEFLIHITHE. ARZEE, AR REBENRESRENFE, @I IEFEAE
MERE I, RAETRES R RIT 0K € #P A
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2

FRER 2018 40T #OPTH B BSCE MA, e R ERER B BT 46 /5 30 RN
5, B ORRBNEE. SHESRE. 8 0GR 3 N RE REREE
A7 I [R) P 370 B 28 2 A i o 4 P 45 B B . G4 P M4 2019 0T R Hb A 2T 3
8, FFATE MED R BSAE (2018 FERERAIZN D). B MEPEFI R AR o @I i
] 31 B 20t T B BRER B EAT 70 A, e A MR P JT AR IF ) L 45 RO () 177 42
I 8], FFE AP 3% shFR S Fl 0P 3Esh AR . AHF 55 AR 45 R BT e SO HE
R4 IS BAL T B B M It ], ot S AR P A AN AR R B 297 s B B LS
BT AR o
2.3. 3 Y o A AR T g 37 P R

1T B R BROE AT I (8] 2 FR 3K S R E B 3R B IR REUITE A
PRIV S o N T AR RIS R & R UL R E G, A0 547 & LA 1000
m HJEE AT IR, TRERMREIEN A, RIES M RZ AT —ERNEE. /£
ArcGIS 4 H £ B BE AL = T B AR 7L XN A7 1000 A BEL R AE AU IR, 2
N xy THBMES)E ., T4 ArcGIS (13 M T2 &SR &, 7ERF 558 X8 A & 5T
(e 1 km BN =, R EIN xy THRBIMAESE . {TH GME S #E s P AL
A I AR R RE LS B M AR . R AL S AT RENL R S IR R — AR R —
A, PN FHESEE N 1; BEVLSESEUE N 0. /£ SPM B T in& IF o 19 3=4%
Rk 5 EMKEAZE, ¥ Random forests tree number 1% & N 1000, SERAEAY 5 A DL
52 ROC fhiZk DL 3 A & H ZMEHFE . AEH score data D REGR ST TT MU S AIIEAT
AL, SR A RN SE . SR RAE S A A dbf SO/, In#l®] ArcGIS H{#
FH T B i e i A5 21 53 1 485 48 S0 A9 I b 23 A Tt P
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BT EF SR K GPS-GSM BRERH RS 5 P 18] A 5 DI R 3 /0 A B 5L

3.4 R

3.1 BFIMAELER

2018 SF R F/EFFAMAE X I AT 21 R AL T4 PR e Ari e, BRI
HOPAMERIH RO 7 A 10 B, Sr RECAAMER EHIN 7 A 25 B (IR 3-10.
AT R ) AL ES IR R AR R e A i (LI 3-1b),  de k) E A AL
RO U e O . 90 CH BRI R, B vk, Rk
HPRAS ST R W] BUR B 09 BRI, A8 R B DA 2 5 A0 TR S . A
SRS RORE . BRI AT B aRE%, BEEEAES, AR MEE
PR ] WALR SRZ), BT LIRAT (LK 3-12), #PlR HER B IeE I
He# (K 3-1c). AMEHCPR AR €T, B EBIEEIRLSFLENTH M
B R R VR L 3-1d). BtAh, TEIEE P R I RCERE EPE ) # 2R i 1]
BT . AWTFR ) 44 F1 45, 50 F 51 5 MY — 3 B R EEAME, T
IR 45 5 AMEHEMENRRDRF ORI S B, ) DIRERR B KAT, 1T 44 5T
PEIEAL TP BE ©IT5 51 SHEME MR BB L 50 SHEEDAZER . 48
TOAREMER B AME, BT DERERRAETHPRE, mEHEEX IS 5
e A LLIER €17 FHEMBFE M SEL ST AAZ GHM, FPHME
FHIHEAERUR.

FEXT [R]85 A1 & ZEHEAT T B A DR AN DS ORI B KO S8 i v
BEIRA Y WHBRETIAT BN AT, BRI RO RS 28 (WA 3-2ac). MK
IO TR CRAIRE RS2 iivE, Aee T, BRBEA0veeid (U
K 3-2b).
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[ 3-1 EIRRAS P EARA A AR P B

Figure 3-1 The feather of White-naped Crane and molting habitat
(a) A7 H 6 BIMFEBIRARIPI 0T LLEH ATH A HLE

(b 297 F 12 BHHIEAIAL T4 P9I R A LR

(c) A7 H 21 H Al #3145 BIRE 7 s LS

(d) JHHPIN S A BE

2% 3-1 BRERREN ORI IR

Table 3-1 The molting state of adult individual

MG 5 PRI [8] LB BN ) 17
35, 36 2018/7/10 4 R ARG WP g, ARE /AT
38, 39. 40, 42 2018/7/12 FIR ARG CR R BE . ARE AT
43 SONMEEAMA, W CPIRIIR P A b, 5 IR kS
43, 44, 45 2018/7/14 CHELPITEEERT DL RAT: 44 S0 45 SR—XT, 44 SEEMEA R TP PR
BEKAT, 45 SHEMEAMA ORISR, ATRURERE S RAT, BDE IR EE
48 2018/7/19  HEME, #1240 CRIANR G KR se Mg, SHACG S S s en] LT
49 2018/7/20 M, ¥R CPIAIKG ©P e, HH A S 230 oR) 5 BR AT B RAT
50. 51 SRR w$M1ﬁ#ﬁ,w%ﬁﬁﬁ¢w3@%}%@ﬁﬂk%%ﬁﬁﬁ,
51T AMEEAME, WHTERE, AL RAT, RERE e
52 2018/7/22 Mg CRAIRG CRRE e, BRgHer ke, nr DU & kAT
54 2018/7/24 P ARG CR R &, ARE AT
55-61 2018/7/25 Mg WRIANIRG PR g, ARE /AT
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ST B NS b GPS-GSM BRERIN) RS 1% PN (8] A2 40 RI B o A7 E 5T

[ 3-2 K. IREAZEPEEITCHEIN CRIRE

Figure 3-2 The remiges of Great Bustard, Common Crane and Demoiselle Crane

during the molting period.
(a) N7 A 20 BRE&AHCREIN BUEH ©ITHR RS
(b) 95 H 28 HMERAHFHEIAGE CAT IV RES
(e) 7 H 17 HARE R AT LUIE % 64T (15 P

32 DERERER

2018 £ 5-8 AHLERERME 40 K, HAs 21 R GHEME 13 R, itk e R, 2
HERNRBE), YEHENSNE 19 H (WLFE 3-2), BREJGH 35, 43, 60 5 3
REME—BE A G SR, £ 2018 FREFXEMEBEEMZE, A3 R
AMEFEL: (68, 69 5 2 AMESETILHEN; 61 SAMEERALR THF R, 7 H
MEZ ST (364 38, 45, 54, 57. 70. 74 54K, 1E 2018 4 40 5. 49
SAMES 5%, 2019 F 38, 39. 40. 49, 50. 51 546 RMASH%IE,

TEHERR B Sk REUE A RIAMESSE, X 2018 BRI EMA T 18
RALF P AR ME R B G . %5 2019 SEEHR AT ER T 27 RAMERIEE,
Heo gy 12 1, WA 15 . 2018-2019 L5584 370, 000 &%, HA Lk
IR 872 %, “D” REUIE 5554 %, MG L L SEUEEMN 2% . it E
FRHI RS M R AL B BIHORI AL A 15391 4%, Sl BEBE L /B3 128 Mis AT
B AL
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3.

g

% 3-2 [AKES GPS-GSM HRIE(H &
Table 3-2 The White-naped Crane GPS-GSM tracking information

Mitws  EHS PR PER k4 2354 i 2018 2019
35 013 2018/7/10 A5 % 47.79 112.63 - -
36 007 2018/7/10 Nl R 47.78 112.64 2 .
37 006 2018/7/11 A 4] 48.25 113.21 + +
38 024 2018/7/12 T 5% 49.17 112.75 + -
39 026 2018/7/12 M 54 49.17 112.75 + +
40 025 2018/7/12 M 5% 49.15 112.77 + +
41 027 2018/7/12 AHN 4 49.15 112.77 + +
42 028 2018/7/12 T R 49.39 112.26 + +
43 038 2018/7/14 HENE % 49.29 113.14 - -
44 029 2018/7/14 T % 49.10 112.51 Y -
45 030 2018/7/14 MEE % 49.10 112,51 & .
46 021 2018/7/18 A 4] 4951 114.62 Y +
47 022 2018/7/18 A 4] 4951 114.62 T ¥
48 033 2018/7/19 T % 49.49 114.64 + ¥
49 034 2018/7/20 HEE 5% 49.55 114.66 + +
50 035 2018/7/21 TEME 1579 49.56 114.60 + +
51 036 2018/7/21 M1 5% 49.56 114.60 + +
52 037 2018/7/22 T A 49.55 114.51 + +
53 023 2018/7/24 A 4] 49 40 114 .43 Y -
54 039 2018/7/24 T 574 49.17 112.75 3 -
55 040 2018/7/25 E Nl 4 48.72 111.98 s +
56 041 2018/7/25 T % 48.71 111.94 T ¥
57 043 2018/7/25 T % 48.71 111.94 + =
58 044 2018/7/25 HEE 5% 48.71 111.94 + +
59 045 2018/7/25 TEME 1579 48.71 111.94 + +
60 046 2018/7/25 M1 5% 48.71 111.94 - -
61 047 2018/7/25 MEE 54 48.71 111.94 ¥ .
62 042 2018/7/25 HREN Al 47.79 112.33 + +
63 048 2018/7/27 FH 4] 47.80 112.70 i +
64 049 2018/7/27 A 4 47 .80 112.70 + +
65 050 2018/7/28 E Al 4 48.01 113.38 % +
66 051 2018/7/28 ARHN 4 48.01 113.38 Y +
67 052 2018/7/28 F ! 4 48.03 113.67 + +
68 053 2018/8/1 ARHN 4 48.01 114.29 & -
69 054 2018/8/1 F ! % 48.01 114.29 % E
70 055 2018/8/4 FEN 4 47.00 110.01 32 g
71 056 2018/8/4 E Nl % 47.00 110.01 3 +
72 057 2018/8/4 FRHN Al 47.00 110.01 + +
73 058 2018/8/10 AN 4 47.84 104.30 e +
74 061 2018/8/10 AR Al 47.84 104.33 + .

R Y L
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3.3 BPHFIE. EREFFEATE

I B[R] FR2EAE B 2018 A BRER A RN P S5 SRR 8] . BH T ERERFE
KiEg%, HPIZEHMAMERELER. 36 SARERERRT AN 2018 57 A 10 H, R
BRI AL T4 P . Gl A F B KRR B AN A 2018 4 B BREREUE T RS
67 FIRE i, 5 REPEHIEE KT 40 k/h FIAL S, BIEBA#HPI SR . 153
H—NERSE LS BN NP SRRy 2018 7 A 23 H (WLE] 3-3a). 39
SAMRIREERS R DY 2018 €E 7 A 12 H, DL HIEFNEE XXM MAR] 2018 F R 2
FREFEGRHHATRI R FF PR B0, H— MRS HENEE /DT 2 km, T
==V EY M ERRNEX S, BRHPNSERENANT A 21 B (LE 3-3b). &
BKRE, REAEREP S RIAE 7 AR 8 AY], &S 4REPIMEEA 7 A
21 H, BRI EN 8 A 4 H (ILE 3-4). X U84 M FF 44 BR B2 31 3 )
SEWREIFYRECN 10 REA, (L2 H FREAMERE SR Qe FHPME, A
DL 3 2P B [0) AS B A B 52 38 0 4 ) R 3

T I B [ PP 51 23 AR 2019 AR ERERANME SR JEAT /047 o 8 A SO R I
X 42 SAMEFN 53 SAMAR) TR PREREE BTN W PP A EE 004, “5RTTLIE R
X 73 4 P ER A R S 4 P A . FEAE SRR v LU AT, 6 B e KR i I B 0] B
H 40 km/h, 1 #PI AR A5 H e KBRS EER DN, AR 10 km/h (L 3-5ab). H
BRI 13 42 SAMEEPIF AR A 2019 £ 7 B 1 H, #PILEHR N 20194 7 A 19
H; 53 SME#PIT a6 E 2 2019 4 7 H 10 H, #PI&5HA 2019 47 H 28 H.
PRI 0] 7 91 2R ], FEMATE 2019 FEFRAHRN.. UL 37 54K N,
X HAMELE 2019 59 A/ 7 RNHAA — KT 30 km/h BB, BIIAH
EAAME—E AT RLRAT, AP (LK 3-5¢). Z£itieir, HA 37, 48, 56. 73
SMERTFEPI KA. BT IREFEARZ, W RIIAE MR R R,

M 2019 FFIB T ERKE, MBS BIXE 7-8 H . W AR
wPITIART RN 2019 €6 7 1 2 H, RHEITEART (] 2019 45 7 H 30 H: #EMEAE
FragmiE 5k 20097 H2H, 7TH7H, 7H 15 H;: &SI IGERTER
200197 A1 H, &Mv8H 6 H. WakiihsF45HRM N 2019 47 H 20 H;
MR A5 SR B R 2019 4F 8 F 22 H; MEMEAMALS SRETE] 43708 2019 427 H 30 H,
TH31H, 8 31 H; MEMRFERNE2019F7 H19H, &8 H 27 H
(MR 3-3),

20



Max instant Speed (km/h)

migrated from 2018/7/10 to 2018/9/2 migrated from 2018-07-12 to 2018-08-18
g4 B b
[ | ‘g “ : OOOOOO
A P
Z | ) S5 ] oocxo@oo
LR S o e = T I T
0 20 40 60 80 0 10 20 30
Bays Smos oo Days since monitoring
I 3-3 Mk 36 139 5 2018 4F L2 IR ERBUER 8] FE 41 B 25547
Figure 3-3 The time cluster analysis of individual 36 and 39 in 2018
(a) 36 SAMME, PUAREREH f R WRE a3 1T B () Fr 41 SR 2K 47
(b) 395 Mk, LIRS HIES)EE B AT I 8 7 5 B2 0t
2018/8/15
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= ]
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P 3-4 2018 5 Rl EE A 45 2 15 18] [

Figure 3-4 The molting period of adult White-naped Crane in 2018
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Figure 3-5 The time cluster analysis of individual 42, 53 and 37 in 2019
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Table 3-3 The molting period of study individual in 2019

7 3-3 WFAANME 2019 F4 P[]

TR 5 B PG AT R AN [i]
39 i 1 P 2019/7/7 2019/8/1 25
40 e & 2019/7/15 2019/7/31 16
41 DA RES 7 2019/7/24 2019/8/5 )
42 et & 2019/7/1 2019/7/19 18
44 T & 2019/7/16 2019/7/31 15
46 DA i 2019/7/20 2019/8/5 16
47 DI457% % 4 2019/7/26 2019/8/10 15
49 ii3es 7 2019/7/9 2019/7/22 13
50 iide = 2019/7/17 2019/7/30 13
51 M = 2019/7/2 2019/7/30 28
52 I 5 2019/7/30 2019/8/27 28
53 DA i 2019/7/10 2019/7/28 18
55 DA A o 2019/7/26 2019/8/22 27
58 HEE 3 2019/7/23 2019/8/12 20
59 i e 2019/8/6 2019/8/24 18
62 DA & o 2019/7/5 2019/7/25 20
63 DA & 2019/7/16 2019/8/1 16
64 DAL & 2019/7/9 2019/7/22 13
65 DA A 4 2019/7/23 2019/8/8 16
66 DA i 2019/7/30 2019/8/20 21
67 DA A o 2019/7/13 2019/7/29 16
71 DI457% 5 o 2019/7/31 2019/8/21 21
0 DA i 2019/7/2 2019/7/20 18

3.4 #IJEA R AE# P HR H S E s AR R SE T =

PP HA W R R H T S SR B N 9.15+1.82 km, MEPEA 3.92+1.10 km, 1
PN 4.78£2.15 km. JEHP BHE A AR 1) H 3875 shiE 3N 20.24+6.21 km, #fEME
N 73+1.44km, HEFEHN 135511175 km (WL 3-6ab). P HHIY ki H 1
ESNHA N 07742037 km?, #EPEAN 0.094+0.03 km?, #EME N 0.36+0.56 km? (L]
3-6¢). EIFEIEHPIHE HiEam AR, K 42, 47, 64 S MERHFIE
AR E, TRFHAA AP HEsmAR . 42 5MREEE e E
RER, RE W UUIN/RIAZE 2 AN S iESh, 47 162 SMEAEFE NS - HIER S
HEBFEEES). B =AAMERESN AR R, 1R HFIEs AR e
RIGIE= MM . JEBPI N SR T H P& SN 32.36+24.31 km? (f&

23



BT EF SR K GPS-GSM BRERH RS 5 P 18] A 5 DI R 3 /0 A B 5L

47, 64 SAME), MEMER 0.78+£0.38 km?, HEME N 1.265+1.13 km? (F& 42 54MA)D
(LB 3-6d) . R4 R AN P A 0 ~F3E shBE B A 0¥ s MM R A B ¥ %
F (P<0.05). it P HNC R e, AWK BiEshm A Atk 2 5K,
B &z I,

14 d . b
; —~ 404 .
~ 124 =
£ = .
i 55 30
& ' =
® %]
e =
= 8 £
= 20 4
in g
il =
. * = 10
B #
& aA G —
=
p— —
2 0
T T T T T T
F Fit A [3¢3 etk e 133 i
2.0
s C 100 4 d
o U <)
& 5 .
= =]
= 1.4 =
& ~ 300 4
= B .
Sl = Py
=104 &
bl = 200
0.8 . A
o o
= =
o4 % 100 1 i
X & J’o
0.2 —1 b *
I— L ] A
0.0 T r | 0 S e
. i Hefk T e e HEE

¥ 3-6 iR ATSE R 0 H P S S B AN H 1 235 S AR
Figure 3-6 Average daily activity area and distance during the molting period and non-molting
period
Ca) PP HyiE s E A 418
(b) R H #9002 B A 26
Ced #1235 2l T A A 2R
Cd) AERPI H 12 0 s AR U 1B

3.5 MPJEAME S AL E KAl R SR

2018 4 BRI 1) B S FI 40 1 1) A7 B 9 7E v B AR AT A S ) 22T . 2019 X L
BCAE AR R B 3 #R B B T X B CH R M), (UF 42 SAEIERER
8% B DU /R AR AL B & s R 7E k4 (I 3-7) . 2019 48 TE i fd 46 P i 2
MEBAE, Hdb 47 50ME5 A% 6 A LRTES o E 4 754 Al E e IUR
LRAES, BPIEHA BETENFE LGN E R AR S BRBILIE. 64 5 5 HTEH
EA 5L ERXES, 6 A NAIES G E S, FREHNZE LS E B
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Yri a4l . 55, 71 SAMETELD 2 AR AR . S ) = EH S 28 A ¥
i (97%), A /LEN BIER., BHE . WA T S 2R R B (74%),
WHEBEH (9%). M (5%) FKE (5%) 3R (E 3-8).

10|0° 10|5° ll‘[)‘J 11‘5“ 120°
%— . N Ha
% = A
& on L
A o2
l\JL.c.inl)‘ult.l\ tm
A N o
o
i A
Nei Mongol ( Inner Mﬁq..m ) I:FI
O 20184 b % e 7 4. ;
O 20194 s 540 17 -
S 20194 T jl s 46t 31 7 e beijing e %
A 2019 R pHANE |—|Kilmm:lu’rlsl Tanjil, et
IUID“ - 10‘5" 11[0D 11‘5"’ !iﬂ"
& 3-7 ERCAS ORI S s B
Figure 3-7 The molting sites of White-naped Crane
] it
L] AEkE
100 o [ ] Kk
5% | %%Ii
(] #Rth
80 9%
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)
=
R 97%
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= T4%
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0 I " T
DAL IAZRES

8 3-8 AL P A S H R ] S

Figure 3-8 The landcover of White-naped Crane at molt sites
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ST B NS b GPS-GSM BRERIN) RS 1% PN (8] A2 40 RI B o A7 E 5T

3.6 BRFTHANG R 3th 53 70 T (=]

RERIIRO &5 - i & 3-9 P, ERE S AE AT 0 IX 38 1 il L e 0 A7 St 43 A X DA
EENNBARE: HZAENTERERERT X STE BT A B 2200 )i R
e RE W DUIRIIARE R . TRAICFNEY/REFMEX, FRAZE HIEX S
MiE R R X (BIESHWERT . REYIRBILIE. 79 SHEILIED.

. = _ i . ¢
105° 110° 115° 120°

[ 3-0 EIRLAS 5 P B o)A T 1]
Figure 3-9 Predicted molting habitat distribution of White-naped Crane

3.7 4 2 it o IR B R ILFEMN

B 3-10 IR HERZE TN fabs ROC B, P fEFRAY AUC B9 0.991. 1R4E
A ROC 1M AR1E, 24 AUC AL T 0.5~0.6 Z i, FERIFMALIK; 0.6~0.7 2
], BERIFNLERE; 0.7~0.8 28], BLEIFEER—H; 0.8~0.9 27, FEEHN
EERUF; 0.9~1.0 20, AR FES FARLF . AR PO 45 RN AR LE .
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Figure 3-10 Receive operating characteristic curve (ROC)

3.8 MBI ER PR EE FHOERMHF

MAARLGE LIRS A R 5 A6 4P I i 2 A T () A5
T FUCREMT R R H T ERTRE, AR G R IOR E Hh % 500
T 34, S ROBIE . RAFIEETE. AL . RIBEFERTE. &4
ZETFHSR. FTYHR. RASERTES.
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% 34 AEEETEEEHEF

Table 3-4 Relative importance of the predictors

MG FRX A
Landcover (HHWEE) 100
BIO12 (AF[Emia) 73.61
BlO2 (A-F¥HERIEZE) 66.34
Slope (3FE) 54.97
BIOI8 (mMZEFLIERED 5205
Disriver (PR iR &) 51.83
BIOl6 (HiRZ=ERFmE) 45.14
BIO1l (FmAZERE-FIRE) 42.01
BIO1 (S FHIRE) 33.94
BIO19 (FR&Z=fEFEmE) 30.78
BIO17 (& TZEEERE) 2891
BIO6 (Hi% A M RiRE) 26.15
BIO4 ClRFEZETMD 2391
BIO13 (%1 FEWE) 21,51
BIO7 (& REERD 19.93
Dissettle ()& B AFFED 18.92
BIO10 (FHAERFHIRE) 17.61
BIO8 (iZZE - FHiRE) 17.44
Altitude GERD 15.94
BIO9 (Fx AR ED 13.23
Disroad (BR/AREERESD 12.08
BIOS (H#MH 1 =) 10.57
Dislake CE#ATAEE ) 6.61
BIO15 (FE/KZEFIE) 6.11
BIO3 (ZiEE)D 0.94
Aspect (B[] 0.87
BlO14 (fT A RBFHEE) 0.26
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41718
4.1 BB R IR T K H TR (8]
4.1.1 #P B

B SEEMEARN—AEEST, BHYER-4FTHEZT— RN
BoP . AE LRGP MELEKIAMHL I RN RN, EERERENSEREA
BfH—EisfEREN (FEM%E, 1998; Frank, 2007). %3304 524 WP A3
SHOPIFFER, BRI RE SEGEMERHE DT — R . AR
ANFEZRE G 2R P B A AR . B0k 2 UERS R G E 2T — IR, B
PR, AEE CATHIR B R FREE 3-4 B (Batt, 1992). AL YR
A4, IR % (Lagopus lagopus) — S A] LAk A — IR 21 £ ]3] (Frank,
2007). AFHELE (20000 EXFEFFRET I BB AE S RK#PHET T UE, HE
H I8 A X B A 24 T 1 B AL ES e P i 9T . 7E 2018 SRR EM EFAMA A,
AT RRIIHIE 7 21 RATFHPIAR BME, XEAMERPBRE RS T
IR AR R e 2 BTE RS LB 3-10), IEF # AR R T
BRbsdseop 552 (LA 3-1c) . o iBsd KP4 & B vk i/ A0 2 8 81 BD A 52 i A4
WEEIEH AT, ResfEhmbalFE. b, AT R fEE SME & b R IE AT
DLIE® CAT R B RUESN BE T 7R, 43 7T REOME R IT. 2R
I E A, X 5] DR b ZR R B L. M RBIBHLRE , B BIFTH I
PEBERR, BN CRIERERZ (K 3-1a), UEEEEBHR, Mk
PR R E R BN, EXEE TR AN R, A BLEE K
ITHI ERL S A RILER W R IR = R R DL . [ mT LA
FE EIRLES R R SO el . TER A R A i ) R IR BN B B . A 5
AMAIRI RS TR Z A 5 AZE 6 A, 1 8 A A)G MR A MAESF B IR F A
EARAEFT . AT DA KRB M A A E T HE 8 H .

AP AL T A At 3ot [R] 38 73 A1 () R 2 & SR A B B AT TR E . R A&
£ 5 ATARIT 1 AFHRPIBHORKE, CHBRERRE T, BPBER TS
B (LA 3-2b). REMZTPEGHPR CHRET2MNE, BRFEHS CHBE
BT LLRAT, #PIEANIETE 4P (WA 3-2ac). AT BIWE LSS R ER P
. WIER. KB, ENE. 8% (G leucogeranus) HPIHEA NP, WE
5 NS5 43P (Douthwaite, 1974; Lewis, 1978; Kanai ef al., 2002; Folk et al., 2008;
Nesbitt and Schwikert, 2011 ).

EOR AT FUAE 1 2 3 P BN RBE X P B A AT TR A, BB T AR R
B, (AR R MENLE TR CHMRE CHEABRKPRE, EH
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Underhill-Zucchini # PR F B REATIT 20 (R CRRR L 1 Ridh 1 70, &
SrBIA 10 43) FETMHEPI R 45 RAREIAR . dhAh, AEFRAE N AMERE AT IR ER R
FEEP AT O, BRI S B RE R, JoikiE 0 B3 e H XX LeME )R £ 15
SUEATRREEANET, DR GAH AR BT TP A0 R ) S5 i A A A B 48 ity AT R
4. 1.2 8L GPS-GSM H ¥ i 1 BLAES 1) 6 F HA

HEZMABRESEETFRBPETASREREZNZN, FTENERZHT
BRI N Re AT, SRS ARG N, BT DL SR o iR m B M IR i R R
Wb 53 & B (8] (Adams et al., 2000; Wetering and Cooke, 2000; Kahlert, 2003; Kahlert,
2006). [Rt, i TR A B B0E SRR o 45 P B 32 2 DAHRORI N B 25 0R B BE JI A E T
PEVE N R AT BB BN R, TESNEEST T M DUAIR A IS BN IR B . 7EBhIE
B & . Lewis eral. (2010) {8 - 13E 2ok ) 58 2B MRG0 A, B2 718 i
J R A S A D) SE . Deng eral. (2019) X AFESHME T HH4)
Z 8 A AIESFEA/NT 5 km BIAL S ECABPIIAN . IXFIMOIEY R T8
— AR TR TR RREE AR ST o ok e P B . A0t A H 4 H & KB &
[, BHIESEEEAEHIENMFR 3 AN EHAT I 85 5 52k P 350
1E BRI AT DU $ 250 5 B 07 B A8 B oK i € B A i 0 b 1 . 45 SRR B A ) e
7 F 0T LUK GPS-GSM FREFEIE Aol 4, RS #eP A ANES P . Mg H &
DR B B T 55 R AT I 18] e 9 R AUR B, HIRE B H RSN B G HiEsh AR
4. 1. 3 RGP

AHTFCRI 37, 48, 56 #1173 4L 4 AMEARFFE#PI %44, Hd 37, 713 5
MEH 2018 FEREERI SIS, 48 Al 56 5 MMATH 2018 FEREFMI AL S . i i R 2 H
RaiX 4 RAMELE 2019 48 5-9 H /048 7 RNERA — D KT 20 km/h I EE,
RN E X 4 N ME— BT LU RATRA #P] . X 4 RTE 2019 A 5 F 1) /ME &
MEEAER 15%, MHRS., URAERHAXMER. RNENSSEMHEERE,
AT DL A2 BT IR R AR #h AT — IR M . SRHOPI AT RE 590 TR,
THE. BERIE. CHBMRE ., BEKE. SRERELZEZMEEA R (Pyle,
2005; Guillemette et al., 2007) . [ MW HABEESRE , WAZIA MEFER BT
P . RS ERSE BT LALE | N SERGERT, A — LRl 2 2E 2-3 FE O RE
e (Lewis, 1978; Nesbitt and Schwikert, 2011) . Bl FHRES L & 5 G420 — Ik (B
F%E, 20150, Folk et al. (2008) XTSEINESMIMRIMAT T 12 FHIAE, MREHE
FUEL B M SR L LA B 4 ORI ML, KER M 2B E F0E | R 2 Fi—
R, — AR PR R 2 2.5

AR IR AMETE 2018-2019 FELEFFIAT TP, WA EAMENTE
2018 FFHEAT T 43P), [RGB AT A B8 B 8 R0 RS Y 6 2RT R T . X 2019 R R 6P
IAMATE N — BRG], MELLPIFEE R AR S 02 6 2 9 224 P Y
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I 250 5 B LR BREFEUE M o A kil — R . R PNME R G
HoT ik, HATFEMSFEEPIN MELL RS S A Z RS AERITRHE 21
W5t

4. 1.4 #PIE [A]

P R (R S 36T R, BV A (R0 Fd 1) S5 S P R 8] 07 Fir A [m] (Folk
et al., 2008) . AW UIH T ACERENE. FCEEMEME AT B AR B4 PIR (8] . RRAE MR
BEENTR, HHTFEHEITHRM. MARZSHIFRT, #P5EAMED) (%
M IR 2 TT, HRETRIE ARG AT KEE S (Alfaro er al., 2018).
EEENEFY, 1S C&nUIMiRsi 57 0E, MM 7T EEMAE, B
FHE. BWHRE, I PIMRERE GBE3E, 2012). #f 73R 8 R EMEHE 1
IR E] LT . AW AT 44 F0 45, 50 A1 51 SAMERL) N — Rt B RGEE B HE MK,
BRI 45 5 A HEYEASREI HP 50 B, AT LR &5 RAT, T 44 SME
NP IE AL F 3 P BAAS G KAT 5 515 MEMEAN R A 36 PR (8] 1 L 50 5 PR MAE R,
48 FNMEMEAR B AME, £ T ERERRATHPVIRE, 5 HEOXT 0 8 & O 3P
SEYERTLLIEH AT . BIHMIREME L S H A A NG, BE P 35 P (8]
WFRESE, ReFR P 02 XAEE. HTFY S MR ©IT, A KITHIE S
Af GBI R SR EAT MBI RBUEE 2SS, hah SR E AR . MLt
AR S AT R MR AR B D, AT 3 R, BT nErE MR
RIEFFHARTTRE—DH.

AT AR B X AR IR (B X AE 7 A¥IE 8 AP f), WA (n=13) N
HEYE (n=7) BB RECH 17 R, MEMRFA#ECH R N 24 R (n=3). H#f
HAMEREARE N3 K, H2019 FHCEE. H TR MEEE T 7 EHER
dE, ER. BRI RET e RFENESD RS, HEREMEPINEST
EESMMAR . FUIGTE BN EF RIS J AR AT X E —
TEMESE, 15 BB EE AR P A AT RE 2 L SR PR R BATE S . 0T M2 A SR 1t
W RRARIE AR TE BIPERA, A BRI TR, B AT DA I BSOS ) 36 2P e [R) A Dy —
MREE. SiE U EW ARG R0 ST amikil, #PRRFEREAN 17
Fon
4. 1.5 #PIHHFTHE ¥ P B 12 2

AT FT N H P13 30 FE B A H 55735 30 AR 1 32 8 R 2% R840 3P HA A R 4 5F)
HiiEantisl. it S H P 2 ARl 1, SE - MER HF i s AR i H
Y1z B B AR AN T RAR B /s o 6 T MR U, B R B MU
HEIFREGERW BB R, HESEEHE. BERET L AR, 0
MEFH GRILFE, 20070, HEGEEMEREPIAF R Y R RS, BARTERGR
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P esEAME T L6 AT, B B QRO 0 S RIBSEIES . WRUEILR
IEBIERRL, A FHKNTFER, LTFHPRE, FEMES S EART AN+ E
WEh BIfXKIUEERIa), AN ENE B iRtz s, e
IR S, AR I H P 235 sh B B 30 km.

4.2 B ESHR I D ith ik £
4. 2.1 W5 B k¢

REYRFEEPHPERN R FEER N, HX T %REFEE FHX—id
=, AMTEZH (Murphy 1996; Gow and Stutchbury, 2013; Nordell ef al., 2016 ).
52500 S e AL — AN FENLAE AR, AFEM M SR EAR, MR Z
W A A I B S L, DA KPR 5 i i S 345 (Fretwell and Calver, 1969; Reed er al.,
1999). WREHL &R E 7S RM B ARG, TR AR B AESE (Katti and
Price, 1999; Salewski ef al., 2004). BF5 7K S HPM S FRES, Wik
WS H KR B E FRAZE L KIR S R E R 2 AN AT PURE i 45 2 7 2% F (Gehrold,
2014), AMEZET 2R FORA W SR &, IS, BYFEEEMZ
A FFARE AR, SR PP P E AT T & (Reed et al., 1999; Danchin
et al., 2004; Arlt and Part, 2008) .

3 48 00 Y I 3 5 A A 2 5 R B A5 A R R A B VT i
(L 3-1d), FERSVRGUIE I B4 T S/ R QST B & . HOp S E
A 1o P FNAEL B 2 FE W RE R R B I P B E AR . H T B R E
AMAETE T, 2 7 AR e aMm AT, TEAEEE A
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33



BT EF SR K GPS-GSM BRERH RS 5 P 18] A 5 DI R 3 /0 A B 5L

Gilbert et al. (2016) X} 3 2Zn {in] {2 HL A AL S S E T B R I ARSI
FIEFECELE 2000-2011 FX+4EAC0E TR, T B2+ 2 A B3 A 50
AREHNEHAES RS . AR R AE R R AR RS I B PR S b4 A X R K Y X I
RO AL T 50 4B T F0 12 Bl 2% n] O Tal B L . DR M 7E - SR 00 2002 {8 TG M ) {56
F, PP NERIES R R K . TR 4 R o B N5 d SR 208 58 2 R e
& E AP B AT X . BPAME B RPN B R AT R 2k LR E
(E276: PN A VALY W S el ) i NP D N e w7 e D P b o A i N E 7 R

HAr, s FRMEMA TR, BEEAR B, Ry ik, B8, HRMAR
TIERE, amEfiEER THRIES (Meine and Archibald, 1996; Bradter er
al., 2005; BirdLife International, 2018) . AT 7 *F ) 68 Fll 69 5 2 HAMARENE 7
FEW FET. (Gao and Guo, 2019), 61 SAMETEWR LR =HR A . A, AURBHIE
Hic kM2 N e R S R SR TR . X F A
fRiF, BAIMZMARN.. B, B . AT AR E R SE Z T EEE, I
KEEF I, ZRAMEFEEE TRErBEH.

34



5.4518

A LA PR T TE R B, i i B A S G T M B Y RS, R
PIRER, TR R TR RS FN4H 1 HE4T GPS-GSM FRES. it R I 1 T2 A
ot PEREEBOR BT AT, B R AR T R A 4 T A
W Gr B, Ffil R AN R BRI S 2B B RS 2 A . 454 27 AR
R T4 S T R 7R BT M A O S A AR, BT

(1) BRI IR AR R ARRE, R, )
SRV B BT ) TR . B AMASTESN I S R A SR, e A
HEHEEIE,

(2) AHFFER T — A IE L 8] 551 RS0 1 ER R R AT 70 B R e A
PSSP I [0]) AR B 5, AT RARE T o fth 12 B BR RS S 48 IR 7

(3> BT OB MNP RE 7-8 B, AEAERS PTG E, 458
IS (B AN SR [A) 2N [R], PR3P REON 17 Ko PR 8 % 3 fA iR 50 5
7 35 A S A R O TR R . Ak, AW 4 RAMELE 2019 FiA
W, BIE 2 AR 2 AW, REFIEIA MEFFEERR AT

(4) BFLESHP IR 4P I 80 B F 2iE s BR E A 0P s s m AR B A B3
Z R (P<0.05). TEAUAAAESPIIA ARG IR H 2935 sh AR A bk & 5K B .H
P EE B PR

(5) At FE Rk o AR AL B PPN AR AT . B PEESAE R 7E X 3800E L A 353
WS AT X O B BT ERF A ART X, SOE 10T 5 B2 ] () 7l #e 1
% VU RAZR B 7 PR IR B R EFMX . A S0 BB K i
5 B AER 2 X

(6) FEm A RL S BRI 1 B M e e de = B3R B IR 1o R AT 2R, oo
FHENE. AFHERRENEESER T .

35



T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

B2 CRR

WHRE BHEFEE 2 M) Rl A AR, 1998.

FRREY. AT GPS REIN VL VY ERPH A 4 AL ES(Grus vipio) & 2l X A B Huix £ 5 A [D]. Jb &
Molk FEEf - 2407 832, 2015, d6ET: dbRTAkL RS

TS, ZEfESR, BEitoR, & QKR HEAE S A K R RE G ORI FL[0). shi ek, 1988, 23(1):
19-22.

A IRIE: ZRAbMRAE K.

TERE BB kER, F mELEEREREREI]. SR E, 2007, 42(6): 30-35.

EE. KRS EIE MR AL G I A D] B2 PG I 22 2 A0 i85, 2015, #%E: BRI
IFEw =

ma LR EP CP ESMFESE T INES RER NS K EIYF S 65 FEFE
218 AR, 1999.

BURT, fIREHRE, &5, Uik 4 BOM]. P E A RKEE DAL, 2009.

IR, /b R AR PR T[], Pk, 1982, 28(3): 101-105.

FER. AL NSRRI A 1. 3448, 1996, 31(2): 35-39.

BEK, XK, XIEE, % YfomEimie i R A%, 2013, 33(16): 4827-4835,

2. FEALARMBRE S 2K S At rh B RLA (], R B HE4R, 2013, 050(4): 1190-1197.

g, BENLARMOR AT S A B AR TR )], BN B HLAEAR, 2019, 056(1): 170-179.

MARE]. Fo R GRS B A AT D). ZRAbML R S22 A8 3, 2008, MEARIE: ARAbARl
K¥#.

OEFE. BTN A SR A RED]. Y@M, 2009, 44(3): 5-9

OEZE JBESEMIEET]. B, 2013, 65(1): 19-22.

TRIESC. THEBRGET IR IFET]. &5 AZE, 2005, 025(05): 31-38.

BREW, HR77 K. SRS R EEME R I 4 op) B H i (AR (], sh 241, 1986, 32(1): 68-73.

REE, . BT RER R T R R A At e (0], MR R, 2012, 31(10): 66-76.

PME, TRIEZR. R RENFEARIE D EN TP RBHD]. IR REER: BRI, 2000,
45(3): 268-274.

HEE, THE, MR BB A KR E R AL ICY/ABIERE 5 5282 AR R i 2=, 2000.

RT3, RS B B L > AR B GPS-GSM ER EZ B IAIE (D], Ak Bk K2 22 A8 3,
2017, dbnt: dEEtHRlk K2,

RERH, A, WEE, & ECEIE RS S AR AR SR B B R [C A = e A E
B S IR R E AR T 2 B E N E P sh ) AT 28 SO E AR, 2017

AR, BEE, BEY. DREREHARTER ST A NN DT iU, 2008, 29(03):
124-130.

A LRI A S T R A A B R SN AR BER IR (D], AR AEMRL AR 2R A ig L, 2007,
A IRIE: ARAbAR .

MUERE, BoCE). AWM EHE B AR FREEFA, 2000, 17(3): 71-78.

&R LEEFRY AR X EFRST EIEAGER TR A(D]. ARIML K F/ 20018 3L,

36



25 Ik

2015, PAJRIE: ZRIGMRL K

K. LA T (Lanius collurio isabellinus) RILIT GRS ZFHORI ] JERTMTERZF AR H
SRELARR, 1979(03): 108-110.

FAE. GAECEE 2 BOM]. JLRTIRTE R HRAL, 2012.

Hk. # T HMM BB [0 50538 [D]. A8 R -L A A8 3, 2017, FEM: AR KA.

Adams P A, Robertson G J, Jones [ L. Time-activity budgets of harlequin ducks molting in the gannet
islands, labrador[J]. Condor, 2000, 102(3): 703-708.

Alfaro M, Sandercock B K, Liguori L, et al. Body condition and feather molt of a migratory shorebird
during the non-breeding season[J]. Journal of Avian Biology, 2018, 49(4): 1-8.

Allouche O, Tsoar A, Kadmon R. Assessing the accuracy of species distribution models: prevalence,
kappa and the true skill statistic (TSS)[J]. Journal of Applied Ecology, 2006, 43(6): 1223-1232.

Andren H. Despotic distribution, unequal reproductive success, and population regulation in the jay
Garrulus glandarius[J]. Ecology, 1990, 71(5): 1796-1803.

Arlt D, Part T. Post-breeding information gathering and breeding territory shifts in northern
wheatears[J]. Journal of Animal Ecology, 2008, 77(2): 211-219.

Ashmole N P. The Black Noddy Anous tenuirostris on Ascension Island[J]. Ibis, 1962, 103(2): 235-273.

Barron D G, Brawn ] D, Weatherhead P J. Meta-analysis of transmitter effects on avian behaviour and
ecology[J]. Methods in Ecology & Evolution, 2010, 1(2): 180-187.

Batt B D J. Ecology and management of breeding waterfowl[J]. Journal of Wildlife Management, 1992,
58(1): 62-107.

Beltran R S, Burns ] M, Breed G A. Convergence of biannual molting strategies across birds and
mammals[J]. Proceedings of the Royal Society Biological Sciences, 2018, 285(1878): 1-10.

Beltran R S, Testa ] W, Burns ] M. An agent-based bioenergetics model for predicting impacts of
environmental change on a top marine predator, the Weddell seal[J]. Ecological Modelling, 2017,
351: 36-50.

BirdLife International. Species factsheet: Antigone vipio[EB/OL]. [2018-12-17].
http://www.birdlife.org.

Block W, Brennan L A. The habitat concept in ornithology theory and application[M]. Springer, 1993.

Borger L. Editorial: stuck in motion? reconnecting questions and tools in movement ecology [J]. Journal
of Animal Ecology, 2016, 85(1): 5-10.

Bradter U, Gombobaatar S, Uuganbayar C, et al. Reproductive performance and nest-site selection of
White-naped Cranes Grus vipio in the Ulz river valley, north-eastern Mongolia[J]. Bird
Conservation International, 2005, 15: 313-326.

Bridge E S, Thorup K, Bowlin M S, et al. Technology on the move: recent and forthcoming innovations
for tracking migratory birds[J]. BioScience, 2011, 61(9): 689-698.

Brown C R, Bryant D M. Energy expenditure during molt in dippers (Cinclus cinclus): No evidence of
elevated costs[J]. Physiological Zoology, 1996, 69(5): 1036-1056.

Carey A B, Horton S P, Biswell B L. Northern Spotted Owls: influence of prey base and landscape
char-acter[J]. Ecological Monographs, 1992, 62(2): 223-250.

Chambers M, David G, Ray C, et al. Habitats and conservation of molt-migrant birds in southeastern
Arizona[J]. Southwestern Naturalist, 2011, 56(2): 204-211.

Clark R G, Shutler D. Avian habitat selection: pattern from process in nest-site use by ducks? [I].
Ecology, 1999, 80(1): 272-287.

Cohen J. A coefficient of agreement for nominal scales[J]. Educational & Psychological Measurement,

37



T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

2016, 20(1): 37-46.

Danchin E, Giraldeau LA, Valone T J, et al. Public information: from nosy neighbours to cultural
evolution[J]. Science, 2004, 305(5683): 487-491.

Deng X, Zhao Q, Fang L, e al. Spring migration duration exceeds that of autumn migration in far east
Asian Greater White-fronted Geese (Anser albifrons) [J]. Chinese Birds, 2019, 010(3): 319-329.

Dietz M W, Daan S, Masman D. Energy-requirements for molt in the kestrel (Falco tinnunculus) [J].
Physiological Zoology, 1992, 65(6): 1217-1235.

Douthwaite R J. An endangered population of Wattled Cranes (Grus carunculatus) [J]. Biological
Conservation, 1974, 6(2): 134-142.

Elith ] H, Graham C P, Anderson R, er al. Novel methods improve prediction of species’ distributions
from occurrence data[J]. Ecography, 2006, 29(2): 129-151.

Elith J, Leathwick ] R. Species distribution models: ecological explanation and prediction across space
and time[J]. Annual Review of Ecology Evolution & Systematics, 2009, 40(1): 677-697.

Ericsson M, Fallahsharoudi A, Bergquist J, et al. Domestication effects on behavioural and hormonal
responses to acute stress in chickens[J]. Physiology & Behavior, 2014, 133: 161-169.

Erni B, Bonnevie B T, Oschadleus H D, ef al. Molt: an r package to analyze molt in birds[J]. Journal of
Statistical Software, 2013, 52(8): 1-23.

Flint PL, Lacroix D L, Reed J A, et al. Movements of flightless long-tailed ducks during wing molt[J].
Waterbirds, 2004, 27(1): 35-40.

Folk M J, Nesbitt S A, Parker ] M, er al. Feather molt of nonmigratory whooping cranes in
Florida[C]//Proceedings of the Tenth North American Crane Workshop, 2008.

Fox A D, Kahlert J, Walsh A J, et al. Patterns of body mass change during molt in three different goose
populations[J]. Wildfowl, 1998, 49: 45-56.

Fox A D, Kahlert J. Adjustments to nitrogen metabolism during wing molt in Greylag Geese, Anser
anser|[J]. Functional Ecology, 2010, 13(5): 661-669.

Frank B G. Omithology(third edition)[M]. W. H. Freeman Publishers, 2007.

Franklin A B, Anderson D R, Gutierrez R J, et al. Climate, habitat quality, and fitness in northern
spotted owl populations in northwestern California[J]. Ecological Monographs, 2000, 70(4):
539-590.

Fretwell S D, Calver ] S. On territorial behavior and other factors influencing habitat distribution in
birds[J]. Acta Biotheoretica, 1969, 19(1): 37-44.

Fujita G, Harris J, Bold A, et al. Habitat preference of Demoiselle and White-naped Cranes,
Anthropoides virgo and Grus vipio breeding in Mongolia[C]//The Future of cranes and wetlands,
1994.

Gao M, Guo Y M. Bird mortality at tailings ponds: possible threats and solutions, with a particular focus
on east Asia[J]. Forktail, 2019, 35: 43-49.

Gehrold A, Kohler P. Wing-molting waterbirds maintain body condition under good environmental
conditions: a case study of Gadwalls (Anas strepera) [J]. Journal of Ornithology, 2013, 154(3):
783-793.

Gehrold A. Species-specific habitat use of wing-molting waterbirds in response to temporary
flightlessness[J]. Ibis, 2014, 156(4): 850-863.

Gilbert G, Tyler G, Smith K W. Behaviour, home-range size and habitat use by male Great Bittern
Botaurus stellaris in Britain[J]. Ibis, 2010, 147(3): 533-543.

Gilbert M, Buuveibaatar B, Fine AE, et al. Declining breeding populations of White-naped Cranes in
eastern Mongolia, a ten-year update[J]. Bird Conservation International, 2016, 26(4): 490-504.

38



S Lk

Giraldeau L A, Valone T J, Templeton J J. Potential disadvantages of using socially acquired
information[J]. Philosophical Transactions of the Royal Society of London. Series B, Biological
sciences, 2002, 357(1427): 1559-1566.

Gow E A, Stutchbury B J. Within-season nesting dispersal and molt dispersal are linked to habitat shifts
in a Neotropical migratory songbird[J]. Wilson Journal of Ornithology, 2013, 125(4): 696-708.

Grinnell J. The origin and distribution of the chestnut-backed chickadee[J]. The Auk, 1904, 21(3):
364-365.

Grissot A, Graham I M, Quinn L, et al. Breeding status influences timing but not duration of moult in
the Northern Fulmar Fulmarus glacialis[J]. Ibis, 2019, 162(2): 446-459.

Guallar S X, Ruiz-Sanchez A, Rueda-Hernandez R, et al. Molt strategies of ten neotropical forest
passerine species[]]. Wilson Journal of Orithology, 2016, 128(3): 543-555.

Guallar S, Ruiz-Sanchez A, Rueda-Hernandez R, et al. Preformative wing molt in 23 neotropical
resident passerine species[J]. Ornitologia Neotropical, 2018, 29(2): 3-10.

Guillemette M, Pelletier D, Grandbois ] M, ef al. Flightlessness and the energetic cost of wing molt in a
large sea duck[J]. Ecology, 2007, 88(11): 2936-2945.

Guisan A, Thuiller W. Predicting species distribution: offering more than simple habitat models[J].
Ecology Letters, 2010, 8(9): 993-1009.

Haegeman B, Etienne R S. Entropy maximization and the spatial distribution of species[J]. The
American Naturalist, 2010, 175(4): 74-90.

Hanley J A, Mcneil B J. The meaning and use of the area under a receiver operating characteristic (ROC)
curve[J]. Radiology, 1982, 143(1): 29-36.

Higuchi H, Ozaki K, Fujita G, er al. Satellite tracking of White-naped Crane migration and the
importance of the Korean Demilitarized Zone[J]. Conservation Biology, 1996, 10(3): 806-812.

Higuchi H, Pierre I P, Krever V, ef al. Using a remote technology in conservation: satellite tracking
White-Naped Cranes in Russia and Asia[J]. Conservation Biology, 2004, 18(1): 136-147.

Holbrook S J, Schmitt R J. The combined effects of predation risk and food reward on patch selection.
[J]. Ecology, 1988, 69(1): 125-134.

Hoye B J, Buttemer W A. Inexplicable inefficiency of avian molt? Insights from an opportunistically
breeding arid-zone species, Lichenostomus penicillatus[J]. Plos One, 2011, 6(2): e16230.

Johnsgard P A. Cranes of the world[M]. Indiana University Press, 1983.

Johnson D H. The comparison of usage and availability measurements for evaluating resource
preference[J]. Ecology, 1980, 61(1): 65-71.

Kahlert I. Effects of feeding patterns on body mass loss in molting Greylag Geese Anser anser[J]. Bird
Study, 2006, 53(1): 20-31.

Kahlert J. The constraint on habitat use in wing molting Greylag Geese Anser anser caused by anti-
redator displacements[J]. Ibis, 2003, 145(1): 45-52.

Kanai Y, Ueta M, Germogenov N, et al. Migration routes and important resting areas of Siberian cranes
(Grus leucogeranus) between northeastern Siberia and China as revealed by satellite tracking[J].
Biological Conservation, 2002, 106(3): 339-346.

Katti M, Price T. Annual variation in fat storage by a migrant warbler overwintering in the Indian
tropics[J]. Journal of Animal Ecology, 1999, 68(4): 815-823.

KiatY, Izhaki [, Sapir N. Determinants of wing-feather molt speed in songbirds[J]. Evolutionary
Ecology, 2016, 30(4): 1-13.

Lewis I C. Molt of flight feathers of Grus canadensis[C]//Proceedings crane workshop, National

39



T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

Audubon Society, 1978.

Lewis T L, Flint P L, Schmutz | A, et al. Pre-molt patterns of habitat use and molt site selection by
Brent Geese Branta bernicla nigricans: individuals prospect for molt sites[J]. Ibis, 2010, 152(3):
556-568.

Liao T W. Clustering of time series data-a survey[J]. Pattern Recognition, 2005, 38(11): 1857-1874.
Lopez-Lopez P, Garcia-Ripolles C, Soutullo A, et al. Identifying potentially suitable nesting habitat for
golden eagles applied to “important bird areas™ design[J]. Animal Conservation, 2007, 10(2):

208-218.

Mathys L, Zimmermann N E, Zbinden N, et al. Identifying habitat suitability for hazel grouse Bonasa
bonasia at the landscape scale[J]. Wildlife, 2006, 12(4): 357-366.

Meine C D, Archibald G W. The cranes: status survey and conservation action plan[M]. The World
Conservation Union, 1996.

Mi CR, Falk H, Guo Y M, et al. Why choose random forest to predict rare species distribution with few
samples in large undersampled areas? Three Asian crane species models provide supporting
evidence[J]. Peer I, 2017, 5: e2849.

Morrison M L, Marcot B G, Mannan W. Wildlife-habitat relationship: concepts and applications[J].
Journal of Range Management, 2007, 57(4): 980-981.

Murphy M E. Energetics and nutrition of molt[M]. Springer, 1996.

Nesbitt S A, Schwikert S T. From the field: wing-molt patterns-a key to aging Sandhill Cranes[J].
Wildlife Society Bulletin, 2011, 33(1): 326-331.

Neto ] M, Newton I, Gosler A G, er al. Using stable isotope analysis to determine the winter molt extent
in migratory birds: the complex molt of Savi's Warblers Locustella luscinioides[]]. Journal of Avian
Biology, 2006, 37(1): 117-124.

Newton [. Molt and plumage[J]. Ringing & Migration, 2009, 24(3): 220-226.

Newton . The molting seasons of some finches and buntings[J]. Bird Study, 1968, 15(2): 84-92.

Newton J. Stable isotope ecology[M]. Springer, 2006.

Nicola S, Diego R, Roberto A, et al. Light-level geolocators reveal covariation between winter plumage
molt and phenology in a trans-Saharan migratory bird[J]. Oecologia, 2015, 178(4): 1105-1112.

Nix H, MacMahon J, Mackenzie D. Potential areas of production and the future pigeon pea and other
grain legumes in Australia[C]//The potential for pigeon pea in Australia, Proceedings of Pigeon Pea
Field Day, Queensland, Australia, University of Queensland, 1977.

Nordell C J, Samuel H, Bayne E M, er al. Within-site variation in feather stable hydrogen isotope (82hf)
values of boreal songbirds: implications for assignment to molt origin[J]. Plos One, 2016, 11(11):
e0163957.

Pearson D, Backhurst G. Molt in the river warbler Locustella fluviatilis|J]. Ringing Migration, 1983,
4(4): 227-230.

Phillips S J, Anderson R P, Schapire R E. Maximum entropy modeling of species geographic
distributions[J]. Ecological Modelling, 2006, 190(3): 231-259.

Phillips S J, Dudik M, Schapire R E. A maximum entropy approach to species distribution modeling
[C]//Proceedings of the Twenty-First [nternational Conference on Machine Learning, 2004.

Piersma T, Ramenofsky M. Long-term decreases of corticosterone in captive migrant shorebirds that
maintain seasonal mass and molt cycles[J]. Journal of Avian Biology, 1998, 29(2): 97-104.

Piersma T. Population turnover in groups of wing-molting waterbirds: the use of a natural marker in
great crested grebes[J]. Wildfowl, 1987, 38: 37-45.

Pimm S. Estimation of the duration of bird molt[J]. Condor, 1976, 78(4): 550-553.

40



S Lk

Portugal S J, Butler P J, Green ] A, ef al. Indications of phenotypic plasticity in molting birds: captive
geese reveal adaptive changes in mineralisation of their long bones during wing molt[J]. Journal of
Ormnithology, 2011, 152(4): 1055-1061.

Portugal S J, [saac R, Quinton K L, et al. Do captive waterfow] alter their behaviour patterns during
their flightless period of molt? [J]. Journal of Ornithology, 2010, 151(2): 443-448.

Pyle P, Saracco J F, Desante D F. Evidence of widespread movements from breeding to molting grounds
by North American landbirds[J]. The Auk, 2018, 135(3): 506-520.

Pyle P. Remigial molt patterns in north American Falconiformes as related to age, sex, breeding status,
and life-history strategies[J]. Condor, 2005, 107(4): 823-834.

Raes N, Steege H. A null-model for significance testing of presence-only species distribution models[J].
Ecography, 2007, 30(5): 727-736.

Reed J] M, Boulinier T, Danchin E, et al. Informed dispersal: prospecting by birds for breeding sites[J].
Current Ornithology, 1999, 15: 189-259.

Rohwer S, Rohwer V G. Primary molt in Gruiforms and simpler molt summary tables[J]. Peer J, 2018,
6(0): €5499.

Salewski V, Altwegg R, Erni B, et al. Molt of three Palaearctic migrants in their west African winter
quarters[J]. Journal of Ornithology, 2004, 145(2): 109-116.

Steven J, Craig R, Jonathan A, er al. Butler flight feather molt drives minimum daily heart rate in wild
geese[J]. Biology Letters, 2018, 14(11): 1-4.

Stone W. The study of molting in birds[J]. Science, 1893, 21(521): 51-52.

Stresemann E, Stresemann V. The molt of birds[J]. Bird-Banding, 1967, 38(4): 214-218.

Stutchbury B I M, Tarof SA, Done T, et al. Tracking long-distance songbird migration by using
geolocators[J]. Science, 2009, 323(5916): 896-896.

Swets J A. Measuring the accuracy of diagnostic systems[J]. Science, 1988, 240(4857): 1285-1293.

Thomas D L, Taylor E J. Study designs and tests for comparing resource use and availability[J]. Journal
of Wildlife Management, 1990, 70(2): 324-336.

Underhill L G, Zucchini W. A model for avian primary molt[J]. [bis, 1988, 130(3): 358-372.

Vanagas G. Receiver operating characteristic curves and comparison of cardiac surgery risk
stratification systems[J]. Interactive Cardiovascular and Thoracic Surgery, 2004, 3(2): 319-322.

Verheyen R. A propos de la mue des remiges primaires[J]. Gerfaut, 1958, 48(2): 101-114.

Vezina F, Gustowska A, Jalvingh K M, er al. Hormonal correlates and thermoregulatory consequences
of molting on metabolic rate in a northerly wintering shorebird[J]. Physiological & Biochemical
Zoology Ecological & Evolutionary Approaches, 2009, 82(2): 129-142.

Vieira B P, Furness R W, Nager R G. Using field photography to study avian molt[J]. Ibis, 2016, 159(2):
443-448.

Wetering D, Cooke F. Body weight and feather growth of male Barrow’s goldeneye during wing molt[J].
Condor, 2000, 102(1): 228-231.

Wiederholt R, Mattsson B I, Thogmartin W E, er al. Estimating the per-capita contribution of habitats
and pathways in a migratory network: a modelling approach[J]. Ecography, 2018, 41: 815-824.

Woolfenden, Bancroft G T, Everett G. The molt of Scrub Jays and Blue Jays in Florida[J].
Ornithological Monographs, 1982(29): 1-51.

Zhang L, Song Y Z, Liu D J, et al. Plumage growth and molt sequence in Red-crowned Crane (Grus
Jjaponensis) chicks[C]//Cranes in East Asia: Proceedings of the Symposium held in Harbin,
People’s Republic of China, 1998.

41



T B SMLEE K GPS-GSM FRERAY FI AL S0P I 18] K oI B b 7 A T 7

Zuberogoitia 1, Zabala J, Martinez J E. Molt in birds of prey: a review of current knowledge and future
challenges for research[J]. Ardeola-International Journal of Ornithology, 2018, 65(2): 183-207.

42



OPNGEL

sere
(N M)

EFE, B, 199597 7T HE A, =EEMEIEHA. 2013 5 2017 FHiET
WAL YE KA SRR Z AR E 2017 FIRE 22207 . 2017 £ 2020
FERIETF IR RZESS B AR RS EEM R SR H S, FIAFEE
R, HRA R ASIERT 51T T

Bt 0 4 A 152 30 1) BT AR 22 il «

2018 4F 8 A EFFELKFFI TS B H I AR L iRin 1R 5 3

2019 4 8 AR EFFSEEZI 2B H+ a2 2 iin L& ik 4%

2019 4 12 A b ol R 5= B A sh Vel 98 B R G 2 B W B A s W R 4P it it 2
"RFE IR R

43



TIHE S

FImE T

FBER, F, Wik, 1964F9 HEN, #ix, HLEAEFI. 1984-1988 LT
M RIENMYE R FAEMF R, REFZ LS4, 2000-2005 F5tiET R AL KZE £
N TIRF R, PRI A A 2 AL, 2005-2008 R AE B #R TR 2 A dr kL
Fheoo LG 2. 2008 4 4 H 25 AR FAS S B IR RIF 5 5 W E
F 5REF T

W NS R R F AR A%, 2002 FLUR—BB AT ALBHIW RS
RiF LR, 28 S50 8RR XAMIEE, MR, Y2880 FRIX B8R &
M2k @2 . MREASNEY AEMASHRERE, Bl 5RENEINSSGIFNHET
EpRTAES . B ERFMEAEFERAARFEESTE . EERMLANER RS A
R4 55 BT H AR AR B R B2 (2 BR RS ST AR 7 R S S Ak fE
% H. £EAIDERIEL S0 25, HELFH 6.

2007 SEFRTLE BRI H MR T2, 2011-2013 SERB BSR4 5 Bh3 . BT
Ezh s K5 alE,

44



RAACR H oK

RIGRBEF

FEE (8] A R DU

Wang Z J, Guo Y M, Dou Z G, Se Y J, Yang J C, Na S. and Yu F Q. Autumn
migration route and stopover sites of Black-necked Crane breeding in Yanchiwan Nature
Reserve, Chinall]. Waterbirds, 2020, 43(1): 93-99.

45



o

B

R ERZIM =4 kES ., THEMEFENKS. N&EW (BHEE) 1 “XK
EME, AANEM” AT, BIERFHIRMERMEE, B “EA55. 178K
MEFAM LR, BRIGFIRHIEME, S RTIGREZ . L2 IMERT &, ™
i, AU EARA LR, NFERSL T REFEFE. TihEF. TIERpItS
NN, ZEEIMERETLEA, i OuffE . £ ES TR T8k HE,
higE T ANRE, HE T ANAGHER, BRERN TEZENERT, H2
FHNAF R WGRLZEZ R . T HRNS I RAZEERKZEC. BORETE
TSt R BV B AN 2B L B

S o [ R 5 B sh T 78 B B 25 ki 2 A 18 SCEUE e i BT S . RO T RE
2, ERREIMAERA T ERRBAMiE S . BN MR A&7 AR, ik
IR T4 SR

B E G ER S BRRP R FhHSREPPOAFINEE PIRLIORE), ik
RAREMZ AR TER, AT5E, ZERENE. &S Huyaga, Amarkhuu, £E
BRI S B A TAE B e R Bk ETE T . BGHRES 8. Baaska. Tergel. Baljka
S EEAMAET AR, BARZHRE, HEEHRKMNEILREETFE Ril.

AR W) SE RO B E X B AR B OUH  (No. 31770573) RALHE &3 F+.
SR AR R 2 B AR ERAP X . HR R B 5 4 B AR R X B ELR) | ATk A L]
E o g A el . P 52 EAR T E X4 B SRR X S B AL 7E BT A TAR SR LA 5 B . B
XHEE . M. GHE. BEA. TR, FEEERK TR T AW RLEETI TIES %4
THIZFFSH B,

R W S BRI e S, B B R LA R T ERRIREY. B4R
18 B R HE [ At SR BRIt A i R R OB R AL, AW BB, B RBEAM R, &5
P b« BT 38 I S AN S AR T AR AR B AN 2 2] R #E BN, BOSHE S N e 2
RN BRERRMEE., S, IMNERMFRELT ST ot B
8.

TERI F A = A B (] i 5 e 2 T 1) 5 B, I8 914 78 & A TR A R = R I s8Rl A1
SRR BRI E A, MR NI SRR . B AT AR . SRR
B

BTPTE SR, HBNS RN, [R5 A0 &A1

46



