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Abstract: The Whooper Swan is a representative species among large and medium-sized migratory waterbirds. Predicting
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suitable winter habitats and identifying protection gaps for the Whooper Swan can provide a significant basis for protecting
other endangered species and their habitats. Based on the Whooper Swan winter distribution data from 2003 to 2023 and
incorporating factors such as climate, anthropogenic disturbances, and land-use type, we utilized the Maximum Entropy
(MaxEnt) model to predict the suitable winter habitat of the Whooper Swan and evaluated the effectiveness of the Xinjiang
protected area system in protecting Whooper Swans in Xinjiang. The results showed that the total suitable winter habitat for
the Whooper Swan is 65,359 km®, mainly distributed in Bortala in southern Xinjiang and Tacheng, Altay, and Ili in
northern Xinjiang. The key factors affecting the suitability of the Whooper Swan's winter habitat are land-use type, distance
to water surface, bio7 (annual temperature range ), distance to cultivated land, bio3 (isothermality), and distance to
rivers. Currently, the protected area system, mainly composed of nature reserves and wetland parks, covers 10304 km’
(15.77%) of suitable wintering habitat for the whooper swan. There is a considerable gap in suitable winter habitats, which
is primarily concentrated in densely populated areas that cannot be covered by protected areas. Based on the above results,
we suggest strengthening the strict protection and management of the Whooper Swans within the existing protection system
and exploring effective protection measures by minimizing human interference and supplementing food for swans outside the

protection system. This will ensure that these endangered birds can successfully overwinter in Xinjiang.

Key Words: Cygnus cygnus; habitat suitability; MaxEnt model; landuse type; protection gap analysis

A SRR YRR 5 28 AR A AR o SR A W AR R BRI BT, B I AR AR TR 2 B 2
HEAE BRI A ) S A B R A e B O -, 38 AR BT 1 S A A7 T R 45 R BT AR B L H] 1
FHREESR 0 SFERE K S0 38 B A2 S RE I 2 0T 0 1 BB 75 oK, B A 00 AT pE o™ . K 5 40
FEAETE S AN R B B AR SR I 5 SR AT R 22 57, DR AT 50 B AN () A= 3 2 B B 1) A 35 T J A 1 X
P AAT , DAE ST T S 2R 0 A Be TR ARG R

FA S SR I A K 5 A T s B E B B, AT B AR, B BRI B = PR R K S BE A A0 1Y G B
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A W A T RE 2 B AR B 1 AR S EME . WK S A FR i A= B 55K A B T BT X
PERYIRR DR S DT S5 BE XS B2 A0 W 1 5 26 R L3 B AR B AR 4

KRG ( Cygnus cygnus Linnaeus, 1758) JEMEIE H ( Anseriformes ) F57} ( Anatidae ) K J& ( Cygnus ) AR FL K
5 R R N RE SR A, EIRE RIS EZ AT W DL PEFRE | AR 56 1 B DY R AR | Tl R
W ST T U T VA AR M A R A R R R A B A 5 AR X L R
R b4 H T R KIS W BT 28 R AT o B RSO 5 A Bk B A
TS R A DR R R F 5 U R AR T B A T AR AR X R 1 B A A AT o DA B B
BT AR BRI, R LB S R R AL 2 B A B T LA B A A A SERIEIT

IR, 5L SR s 2 AR P IS T WG T 2 Sh W R0 AR ) 2 R R B0 SR R ) R 28 B o i vk B
LI PR3 A 20 b A 0 R B DR AR, IE IR & A Wb oA DX 50 1 PR 4 2 8 55 S L
DAISEAR R B as i 20 472 BT R 228 Hh e A ) 22 B A s i X, /0 %o B — W b 4 5 52 o B AR IR
BLIEERARIIE Y L BsIEAT 7 28 201 ASARIRIZRAU { ARG Y b, 4 F AR DR X 28 A R HB A 51 4 A
SRIB7 1A KA NEX 24 A4S AR 13 4> FRRARE 57 4> WA 27 A, BT S 240600 km?, 4
S X AR 14.5% 7 SRR AL [ AR G4 06 R R 55 A /K 5 i CRAP SR Il iR AR 4
WA DA B I PR AP 25 Bl 43 B DA BT DR 4 4 28 X0 A 2 DR R G 19 DR 4 BRDIR 33 X6 ) o i) P 4P B S B4
B,

AWFFELL 2003 H—2023 BT R KRG A =00 73 A (v mi o BR il 456 AW O T80 AT K
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UM B A i SR T MaxEnt BERIPE A AR REA T A B B, 56T PN 4 R B A 7 T S BT FRdP R &
MR KA FIE FAE SR PR3P A, DUIHI IR0 AR Bk TRt (1) S R K 38 A A 5 T A MR 28 [X
3ol ; (2) BEMA R KRG I ELAA LR 5 0 AT B GBI B AT 45 (3) BUA MR HLA ZR T, KOG A 2R 58 A fR-4
JEBANR] . BESEEE RAT BT WA R R G A 0 LA B8 70 A1 X B ME TR 3R S B R R G & F A S5 i R 4
H5EH,

1 HREHBER

FrimAE R R AR KA TR E PGS, B AN 166.49x 10" km®, 25 4 4> [E T B 1765 & F - Fim Ui
A% H R AU R 25 e K27 PSR A -8.7 C AR BRI R iR 5, ACERAR A AE 5, p 3R iy 38 BLR 4
PG R RA RIS B -4.7 °C UL At s R 2 80 X SR R -12.3—-6.9 °C Y FES AR R 1 A 3
T B X AR T, AR B A 4 AR L 0.362 C/10a BG4 T} 52 00 b g
i 2R 23 e T e ) R b s DA B 8y 2 M IX Y 2 B IS TR A 22O 1.013 °C/10a, B 45F k6 25 L IX 3R
0.615 C/10a*

BT T ] =K e D IXC ) S v S b DX 4l 5 = R R AR R A TR 15245 km®, FEE
A 7E & PR S AR X B e o X B 2 b IX 8 Al DX | 5 SO IR AT IR e A0 AR N AL
5% 5w AR, 5 ALY 86% 5 KIS K K Rt F b 53085 km®, 4 437 76 B 2 8 52t IR N R
DX 1 -t X T ) o 5 i IX o e B K ek B K R it FE LG 709> 3 9 [ s A7 7 2 =1 - DG SO0 e SI0 4 4% [
B e S A B 2 b AR A R i 00 A M 5 B 8 (SCSE L RK R 1 1Y S 280k 233 Fil, 103875
R0 B ) 490 Z R 25 A K 5 KRR RS AR US ( Microcarbo pygmeus) . . (Anser fabalis
rossicus ) KRS ( Grus grus) 235 (Anas platyrhnchos) %5 160 ZFh' "2 B8 22 K b UK 1 fif B B 1 &, 491 G
TE I i B 5 75 i XA AL B B4 I IR S A 4700 2 117

2 WIRAE

2.1 RRIEAZE Ao i B

R KRR 1) A Nt A SR 5 Sk K 11 A B URAE 3 A RIE N R RIS AR A1) A 5 R FH 512 b
A AR RD 3 AT B 22 D7 sl SCHR I 5% T P40 25 3R A2 354 2003 4R 3] 2023 A 84 RS 43 A1 Kicdis
AT 393 DIrAALA . H AP FEL A A RAT 60 M, 3B Y A A DI A 78 57 55 pe A 10 T8 A 6 5 H AR
PP DX UL R R T B s s 00 R L A3 B g i i bk, DL S AL AR BT 28 S b, 0 g A A e I
RAS 191 78, 4035k A o EDIE Hues (www. birdreport. en ) 13 55 W8 5 [ (https : //xinjiang. birds. watch.cn) ;
R Z AP BP0 (Global Biodiversity Information Facility , GBIF) $(¥g /& , 364531 25 My, AT kR
A FIEE SCAE SCHRIC s AR ARAT 20 M7, 38 DUHT B FIBRAC R R RG Sy S Bt in] | 15 208 I HGE 2615 97 M7
Ko MRS 5 LAY 24 TR 245 B iR 2U0RAF R esv A2

Sl A A5 1) AR S M A A D 22, SR 25 18] 3 8 9 O 2k 2D B 5t T R R v R R T
g2 SZH R i5S spThin AL thin TIAEHIR 0.5 km x 0.5 km B R BELE BN MHRE o B B — A2 A o
AP KRR AT S RIS RS, R AR B 327 A AU A (- D) .
2.2 FREEHE

AWFFOR IS AL B3y 4 28 AR AT O U0 K IR MR RS AR eSOk A
g% (WorldClim v 2.1, http ://www.wordclim.org) 19 MEY S AAE M 11 H—4 AW HiRS = KR &
JEE XU R, P A AR R 0 B R0 307 (2000 1 km ) 5 3t A RS 30 oA DR T A Bk b PR B 2 367 il R0 )
( GlobeLand30, http : //www.globalland cover.com) H' 2020 YRR R JZ il I AreGIS 25 [8] 0 5 15 8 F 7 X
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Fig.1 Distribution map of the wintering Whooper Swan in Xinjiang during 2003—2023
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2.3 MaxEnt BEEAL 5 S8R E
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ROR BN T AR TN aE 0 SR 1, = H R 238 HI A s i

#&1 MaxEnt EEHERPRRLTE

Table 1 Environmental variables in MaxEnt model

K ERER g wy | wxm S By

Variables type Variables ) < eription Unit Variables type Variables Description Unit
name name

Aprs biol BRI C biol6 B R mm

Climatic factors bio2 A C biol7 BT RERKE mm
bio3 * S % biol8 R K mm
biod TS — biol9 B R ERK & mm
bio3 FlE A e ik C precl1-04* 11 H—4 AWk E mm
bio6 8 A AR T wind11-04 * 11 H—4 AX#E m/s
bio7 * SR C srad11-04 * 11 H—4 A H @4t kIm2d!
bio8 iR 2R C HiIE Terrain factors TR m
bio9 * TRV k0 NFEFHE JEERTEN i m
biol0 RESTHR L W R A B m
biol 1 2T i C T A THEE —
biol2 * AR < Landuse type PR m
biol3 A Bk mm s m
biol4 T H oK mm PEAK RS m
biol5 ok m ik mm ELA P m

# AR AR MaxEnt A7) o F5T00 3 1 4= 65

(1) BERISHAAY A L MaxEnt ST (1 BRI B 657 9 R AR A8 A7 Ak 7T A5 31 07 B0 S (19 FU I 45 217
S MR TR T BE 77 89 3 A 3222 K R M2 280 ( Regularization Multiplier, RM) , PREU 3 ( Feature Class, FC) Fll
HEEAR R SRF R 15 ENMeval A% 85 58 2 8000 AL B pR B0 2 15 & A 26 PE PR &R (linear, L) | IR PRI AR
(quadratic, Q) 38 H.PREL(product , P) | [BI{E PREL (threshold , T) 2Bt PREL (hinge , H) \LQ LQH HA55 K RM
BEEN 0.5—4 36 8 BRI, BRI 3 0.5, il /M5 BEN] AATCe 8 # 5 LA 8 25 (the minimum
information criterion AlCc value,AAICc) , >4 AAICe {Eifi/NIF F5E8Y () 58 Z e B N RE 1k B aA T

(2) BEAVF L . 72 MaxEnt(V3.4.4) BAL Y BREE S 80D e85 T U1k (Jackknife ) K90 BRIE K 7 Tk A B4
1518772 (Replicated Run Type) 24 Crossvalidate” ,# R H &2 1247 10 I, 4 A% I &R Cloglog” , MR BE 15 5%
{E>4 10000

(3) FREAUBGUF . SR FH 38t R A 3210 TAERRIE I ZE (ROC) T TE L ( AUC) PEM 2R TR0 B8 7 , T000 6 )
B2 (0<AUC<0.7) ,—(0.7<AUC<0.8) , L (0.8<AUC<0.9) , {75 (0.9<AUC<1.0);

(4) A=A R oy RS RS ) ASCTT ST AKE AreGIS I8k A 17 o5 RIS SO | 38 it F 4325 01 g
PEFE“10 percentile training presence Cloglog threshold” & S R R F A& B 8 AN IE B A B, I E KT BE RN
RRIELZE H AN

(5) PRI 2 BT AE AreGIS10.5 HRE AR RIAS: 3] 1) QR 6838 B AR Bl (R B ST B3R, o R R RS 4
T H AR S5 53 ) R R AR DR L | 8 SR DR DX W 2 B PR 2 S I 3T A B8 DR R A 2l A 15 5 i
SRR 3 1) B S T AROF 508 88 AR DRI 3t X 4 2208 B AR SRR DR AP 18K

3 #R

3.1 KRR ZEIE AR
MRS ANAL S BRI S HE RM M 1.5, FC y QHPT B AAICe A /N, 70 3t I S8 A 5
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gk AUC fES T BOAS BOREL, AUC “FIMEA Bl e , SEWIR R e S R AL i T BE 7 38 B B (151 2) 5
TERESHOAEL T, MaxEnt B8 125 R 5 AUC {E 0.965 , 2 AR R A F0I S8R 38 B0 75 7K F-, Al X R R
REA TG HA B AR A T
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Fig.2 MaxEnt model optimal parameter adjusting results
AAICc Jy e/ Me B HEN | the minimum information criterion AICc value, AAICc; AUC 4 i 2k T i £, Area under the curve, AUC; LQH Jy £k 1% bR
B0, LQHP 7 YK A%, LQHPT g2 B ek 50, QHP %2 B e %, QHPT [l s 30 19 #5 4 . Remark: LQH is a linear function, LQHP is a

quadratic function, LQHPT is a piecewise linear function, and QHP is the coupling of an interaction function and a QHPT threshold function

R KT 7 s 1 44 2 B AR B T AL AT 65359 km®, E B4 A EL S SR S E IR S IOmIX BT 2R
DX GRS 5 HIA ML B R E AN B B I M DX ) o RS AR B Y 19.17% ,13.83% ,12.69% |
12.39% .8.74% 8.62% , Ut B R KRG Z LS 24040 TR I AL EBFN P X (18] 3) s RORHG A il A B b
H b 22, M 40.74%  FLRAE R (31.25% ) KA (9.87% ) FINEHL(7.19%) (K 4) .

A MaxEnt £ 24P A8 55 0 BT RREE 5087, TI V0 (Jackknife ) #3025 S B . R RRE A A B /0 A
TR R e 22 A8 T ORI, LR K R BE B BRI EE B bio3 (SRR ) MR IEHE B bio7 (URAFTE
), 358 34.3% 28% \11.6% \7.7% \5.3% 4.4% , 1T 5iikFiE 5 91.3% , R 6 A8 25 I K RIS 4
ZAES RN EERE (K 2),

2 E B AR SRR IEAEAEAL R A B 128 (& 5) R, KRR R AR & i B AR B A 32 B0 A5 i Rl 4 v
TEZKARFE 25 500 m B HE ES 300 m DA K HFHBEE 25 1800 m VAP IX B, X —45 W], K RREAEL =40 W T
TERRRE I /K ARTIAT T (%) A 1l DX B Sy 280 S 1], LA 33 % 5 7K R RT3 1) 255 ) G A EL A I A G
A IR FEARSCAE B bio3 (ZFIRME) A bio7 (FURAEIE ) (14 53 B ik — 20 3R W B2 A Ay 8 2 1) S fige PR 1, 0 KR
O T B VR PR LA — 2 B RE I
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R 2 MaxEnt RE R ERFTER TR

Table 2 Contributions of the environmental variables to the MaxEnt model

S R filiik TR/ %
Variables name Description Contribution
+ 1 3% Land cover B T SR 34.3
7K A B B Distance to water body LIRS liw N e 28
PR bR B9 Distance to farmland iER Gl s, 3: k) 11.6
Isothermality ( bio3) SR (bio2/bio7) (x100) 7.7
BRI EE 25 Distance to river i8S URTIRATNEL= 5.3
Temperature annual range ( bio7) SRR 4.4
15 & R 85 Distance to residential area BF U R R 2.1
Mean temperature of driest quarter ( bio9) T BEEFHRE 2
18 B4 B 25 Distance to road 15 i T R R 1.6
Solar radiation in March ( srad03) 3 A HiRbe 1.2
Wind speed in February (wind02) 2 A A 0.8
Precipitation in December (prec12) 12 A KK 0.6
Precipitation in March ( prec03) 3 ARk 0.3
BRI 25 Distance to grassland S g 3 e B 0.1
Annual precipitation ( biol2) AR 0.1
SEREIREB AR ]
o e 5 X
A ]
WrB/RT |
B it X |
GEESTIES |
8 mEFmx ||
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5 AR A | ]
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g o fok
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Fig.3 Whooper swans winter suitable habitat area in Xinjiang

3.2 RRREAFABL R = b

VER BT SR DRI A R0 SRR RE Al B A B R PR IR B, 73 51 0 Bt 7 AN TR 2 L ) P B il v ) 3 2
BRI L, BT 7 28 201 AR SRR SR 4 T 1 R KRG B AT 16593 km®, o 1 B AT 5 THT AR
(4 25.39% , 7 S BLA B B 22 A ORISR T J0 02 1 AR OR3P X Bl 28 Bl XU 44 X | [ AR 387 4t 3t B 2
el LA B BRAR el (35 3)

AL PRI 1) R G 2 20 AR B 5 OR3P X RUR B N A 21, LA I 2% Bl 0 SR DR DX B P i 32
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Fig.4 Whooper Swans winter suitable habitat distribution and landuse types
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Fig.5 The response curves of habitat suitability to major environmental factors

AL RRIGA T8 10304 km? | (AR SO HABEMN 15.77%, b B R P58 %A R XA 35 KRR
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SRORAP X BT A Bk v 73 8 Pl R AR BRI X

£3 BRPMEBNZFARBETEZ RPN

Table 3 Conservation effectiveness of each reserve type for winter Whooper Swans suitable habitat

R4 1 2 B 8 25 (W38 T AE B km? 7 BGE A BRI L %
Reserve named Covered suitable habitat Proportion of total suitable habitats
198K 547 X Nature reserve 4690 7.18

1B/ el Wetland park 5392 8.25

JE: £ EIX. Scenic and historic interest area 3282 5.02

14 4K 38 7= i1 Natural heritage site 2106 3.22

T 23 FE Geopark 152 0.23

FRMZNFE Forest park 971 1.49

VPN Desert park 0 0

R 58 BTN bl 8 55 KRR 08 B AR B 5392 km®, 5 4428 WOl B AR B 1Y 8.25% ; 7 i Tl AL
EA T /N Ty 12 ES @A /A 1 [ 2 R s = (e ) | EG LT (/N T = 3 L7 N | EE @ /N 1 [ O
F4 BISEPEMEEARBETEBNERPHY

Table 4 Conservation effectiveness of the main protected areas in winter Whooper Swans suitable habitat

N P 5 13 B AR 5/ ke o7 R EAE BRI L %
i gfk?jllzt d are: Covered suitable Proportion of total
aon profected areas habitat suitable habitats
M5 A 5w [ R G [ SR PP X Bayanbulak National Nature Reserve 1793 2.74
L E F [ AR5 97 X Ebinur Lake Wetland National Nature Reserve 885 1.4
BT /5% 2% LU ] R SR A8 X Altai Mountains Two-River Source Nature Reserve 240 0.4
FAT s 2R e SR IR b [ R 9% [ SR PR X Altay Kekesu Wetland National Nature Reserve 190 0.3
TR 8 9] [ R 12\ el Bosten Lake National Wetland Park 2215 3.34
TRV ST W B K 1B H A Bl Fuhai Ulungur Lake National Wetland Park 1484 2.3
% FA I [ R b2 el Sayram Lake National Wetland Park 573 0.88
DR RLTIRRL T 312 23 Bel T1i Nalati Marsh Wetland Park 185 0.3
KRR A it B A B AT B A 2 Bl | 2 e DX I
TRV 48766 km®, 5 BGE B AEBE K 74.61% ; {725 B KT A BRI S B R
N NI S A
OB B P AT s AT S R R
B 5 FIG M B R A 2 A rh AR A b X5 T b X S N
SRR
(FE6) . -PERE e

4 PHe

ASCHTF 2003—2023 4 58 AR G 4 F= 43 A AL
it , R MaxEnt AR F00 18 dm K KRG A Tl HA 5%
FEXFBUA P LA RN KRS 0l B A S b AT (R
ZS RO, A FEF W 9 R KRS FE A B R
AT b DX T BT AR B AR T A b DX A A3 R
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W\ % 7}( { Z|§ %l] /\E‘k § mo })l_'l ;ﬁ 1% EF F' 1 ZIS /% Ett‘ % Jélll@é_ j( %?}{% T’-F%ﬁ ﬁ% Fig.6 Conservation gap of Whooper Swans winter suitable habitat
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G E AR FE S R
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BB A A7 400 RIS 22 R i P UK A= B, HE An%e PR SS FITRR AR 22 ( Polygonum lapathifolium) e i Al
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ONbE ERARTE PO Pel At 7 26 201 A DX, B R KRR G AR 17.35% , Forp DL A SRR X
WAL FE N T X PR PR ML B 5l AR A F A B Y 13.53%
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TEFR L EIRAMAT A B A
43 Ry

TSR A RO A ol B A BT I ARBOR (BRI UA 17.35% 12 BUA TRIPR R N AE AR BRI PR 25 ik
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(1) PR R DX AN R KRG 1 B oA X N B 36 30, LA X R RG99, PR 28 s 7
TR A Y R RN LA B AR ATEBUA PRI R P, DRI B R P e 28 (9 R, A o o o g
PR RSN R RIETTIEA AR A RESC L, RRIG SV 2 HABES A G I A s W) — A, T ) e 32 2 b o F
NS, i PR AP XM T Y02 58 T OR7 DX, DRI SO SR T 7 R R ARG A rh & 11X
SO AL B S N, LU R RG] 1 45

(2) & G4 E Y, DML R RIEA 4, & FR—FhalREZ MR, ARATENEY 2 H
FE M B 5 2R BE AN REUR 1 4, AR SCRIFFE A H DR IR IRE B8 70 B 28 A B 7 g N A Xl S AR A g5 4
BINNHEEATHA K, BEATHARA Y, —J5HE T LSS & w s B R KR i 4 (025 —J7 B vl g ss
G RIRIEAT 2575 Th 7284 5 o S TN, DR WO S B 1730 £ A 07 =X ek 1) B i b S B i
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