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Abstract: The Whooper Swan is a representative species among large and medium-sized migratory waterbirds. Predicting

suitable winter habitats and identifying protection gaps for the Whooper Swan can provide a significant basis for protecting
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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
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B,

AWFFELL 2003 4-—2023 AR R REAZ0 70 A1 A i o R0, 454 LU O T AT K
PR B 1 2 A8 i R MaxEnt BEBUPEA RORRG A Z AR B as BV, 3 T PPN 45 R A 0 B B st A R Ak 2=
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PRAPTIX LB PSR BT, BT BG4 il a3, DA R AL AR B 8 A, R o AT B
RAS 191 78, 40k A o EDIRE Hues (www. birdreport. en ) 13 55 W 5 /] (https : //xinjiang. birds. watch.cn) ;
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Fig.1 Distribution map of the wintering Whooper Swan in Xinjiang during 2003—2023
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Table 1 Environmental variables in MaxEnt model
ERK TRAR B | R TRER g W
Variables type Variables < eription Unit | Variables type Variables - eiption Unit
name name
A biol FHR < biol6 Bl Rk & mm
Climatic factors bio2 TR C biol7 BT RERKE mm
bio3 * SR % biol8 R K mm
biod T — biol9 BS R oK mm
bio5 R A iR < precl1-04 * 11 A—4 ARk mm
bio6 58 H B < wind11-04 * 11 H—4 A m/s
bio7 * SURAELE < srad11-04* 11 H—4 H Higia KJm 2d™!
bio8 FaR T C ¥ Terrain factors TR S T B m
bio9 * BT TR 0 NEFE BTN B e BT 3 B m
biold  REEVIE € Aﬂth”“ WRRANE  HREER AR n
biol 1 RIRFETHR C F b A i TR —
biol2 * AERR K C Landuse type ks Sk iR glin s LK o) m
biol3 HlH oK it mm R 307 P m
biol4 RTABKE mm PEAK (AR * PR K AR I m
biol5 Rk i 215 1 mm TS T fp i m

s [AE A A MaxEnt F5E80 o BN E B A BE

(1) BRIV SHLARAY, A EE MaxEnt A5 (0 BRINBE B X6 R e PR AR A 780 PR A T 45 38 5 0 S50 A 000 45 21
S MR TR T BE 7709 3 A 322 [H 2 2 280 ( Regularization Multiplier, RM) , PREU 3 ( Feature Class, FC) Fll
WhiAgH, RIU R T F ENMeval 0 X5 185 51 2 800 Ak, o ok B0RE 288 O 26 7 2R 28 (linear, L) | IR R 4L
(quadratic, Q) 3C H. PR (product, P) . BI{E PREL (threshold , T) £ 43 B PR%X (hinge , H) .LQ LQH 5% K RM
B 0.5—4 St 8 AHIE, SRR B 0.5, 0L RLMGS BV AAICe {812 FE UL B 34 (the minimum
information criterion AICc value,AAICc) , >4 AAICe {Hfi/ NI B 1) 48 A BE R TEI RE SR B A T

(2) BERIF . 7 MaxEnt( V3.4.4) BB PR T S 80h B4 T Uk (Jackknife ) K 0 PR8N 7 STRRR B
1187720 (Replicated Run Type) 4 Crossvalidate” ,fRI & 1247 10 UK, 4 A% 201 &0 © Cloglog” , MR BE 15 5%
{4 10000;

(3) BEAY L . SR s I R A 3208 TARRRIE -4 (ROC) I TR ( AUC) P BRI T30 BE 7, T 00 RE 1
BFE(0<AUC<0.7) ,— % (0.7<AUC<0.8) , KL (0.8<AUC<0.9) , {75 (0.9<AUC<1.0) ;

(4) A=A R oy RS RS ) ASCTT ST AKE ArcGIS FH554k A 17 o5 BUME SO | 38 it F 4325 01 g
PEFE“10 percentile training presence Cloglog threshold” & SR R REHE A3 B B AN B AE 3%, FE KT R{E A R
RRIEL T HAES

(5) PRI 2 BT 7E AreGIS10.5 HRE AR RIAG: 3] 1 R 6838 B AR Bl (K2 B ST B3R i, R R RS 4
ESTUNERES Rl o) T AP AN P /b I P/ VS T PR LT /N T SN =) | g T e DN N (e R S UM REce s R ([
SRORA Y B S T AUT 0B8R B AR OR AP b 0 A 2 B A S5 A DR A Ak

3 &R

3.1 RRHEA RS H A B T

ST RIBEURAL G RIS EE RM 9 1.5, FC 3 QHPT IR AATCe fE /)N , B8 i it I R A 5
YLk AUC EHBME T BOAS BT, AUC 3K Bl i, BB AL S5 AL 5 T00I 68 3k B A (K 2) 5
TER S HEREE T, MaxEnt FEHY A H 25 LA AUC {H R 0.965 , 2 WA R A4 I R0 38 204 75 K, AT xR
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Fig.2 MaxEnt model optimal parameter adjusting results
AAICc Fy &/ Me B HEN | the minimum information criterion AICc value, AAICc; AUC 4 i 2k F 1 £, Area under the curve, AUC; LQH Jy £k 1% bR
B, LQHP O KRBT, LQHPT Sy £/ BE pR 80, QHP S22 H. B %L, QHPT B s A A9 #845. 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 IR T 7 s Y 44 2l B AR B T AL 65359 km®, JE B4R AE UL SR St E IR S IO X BT 2R
X PRALG B2 HIE M BT % A AN BT 5 b X, 430 RS H AR RY 19.17% . 13.83% . 12.69% ,12.
39% .8.74% 8.62% , Ut R RIGA ZEE B 24040 TR I AL ER AN b X (18 3) 5 KRR RE A 23 B AR B8 v #k it
bR Z, M 40.74% R 250 (31.25% ) JKAK(9.87% ) A (7.19%) (& 4) .

i MaxEnt AN 5 AR 11 1 DTRREE 738, JJ Y03k (Jackknife ) £ 90 45 SRR WY KRG & A B 40 A1
TR I 22 A AE e R R K AR IR B BB B8 bio3 (SRR ME) BRI IA MR B bio7 (R4S
), 5390k 34.3% 28% 11.6% 7.7% 5.3% 4.4% , Bt TTkk A5 91.3% , T WX 6 A8 i 25 KRS 4
AR FERNE(F2),

2 FEIREAS I 5 R RIS AEAEAE R B i, g 28 (1] 5) om , KRORISE A Zoid H AR B i B0 A i el 4 vp
KRS 500 m JATGEREES 300 m LA KHFHBEE RS 1800 m LAY AY XIS, X —45 52 B, R KRS 76 & Z=fii 1] T
TEPR ST K A RIIAT I P B b DX A Ay 0 S ], AR B e 8 5 AR TRl 3 1 2 ) 3 A BTl 2 A DG
D R AR AR 5 bio3 (FEIRAE) F1 bio7 (“URAFETE ) 1Y 23 M7 ik — 20 2 B IR B2 4R Sy Ji B0 e PR 7, 6P ROR
AT R LR B A —E 15
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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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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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Table 3 Conservation effectiveness of each reserve type for winter Whooper Swans suitable habitat

R4 1 2 B 35 1038 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 Bl 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

o B MRS S km? 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
CRBRPR TR e
(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
BT 4) 3B A B ok M R M R 5 LU e e, 6 ARBEFERRP RN
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
ABE TSR 25.39% AFTERCRART 28 it , 28 e IX 35
ZHEPHENFEENI AT NG (E 6) .,
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-
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4.1 SUMATERRIGAESE AR FEAR

it MaxEnt ARIFU 25 HAR A B8 KRG I 4 2Rl T A B 1 FR Ry 65359 km? | 328243473 76 57 45k m 08 12
PRI E 05 B A P R S e, 35 9 1 Y R K AR Vb P 43 A ARAR 3 R R RS A 2 B A 5 h b b
Fdth o 2 OO A AR, A R RS A Z AR B8 B LUK AR it B 5 A R a5 A T R 26
AU SO R R HE A Z A 5 U R R - o b A ] KRB B BB R B bio3 (SR AE) (BRI
TEFE S, bio7 (URAEIER) (32 2) , iR T &Y &4t DL RS BE K AR 5 T3 A BE B 2 R RIS AR b
G E AR FE S R

A AR YR B Z T B IR RS RE A A ) LR BN R 2 —, DIMERBFR R
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
RIHE M, EBEAE KR T B8 B RMRER S A b T Bt 2 AN AR K T (9 20670, RO RS HE R K AR
X HF R IR T R R ) B A A ) HE AN O (Poa annua) & 22 IR (Alopecurus aequalis) 17 =5 ( Phragmites
australis ) %" AR BITEF 36 NS, KRG R £ b2 B4 o A TR, R RS 32 2 AR B Tk
( Zea mays) F1/NZ ( Triticum aestivum ) ZEAE N ET I FRIR ) L AS [ s 390 K RS 120 16 2L A A28 A Al R 328 S 1
FEAEBERIA b WFST A AR I M 2 RIS & Ze 3 F A B X RE A S A R B =, KR
FERIR T AR A S T SR AN TR B WA G, = TWaRH BT R I B T REX A R RIS A
BRI 5 | /R, R OKHE Zo 45 B e T 1t B8, 6, 380 17 DR O T8 e 3k ol 46 b 1 AR 20 5 A0 R B B A7 A o 1
B S R KRB REAT R, TR RIS IR A A

KRG e A b R R b 25 A B985 R KRR 1 B AT A 6 3 e B R T 45 S R, KRR A&
il A S B b TR AR LA v LA M B 2 X ARE A 1Y) DTRR AR R, FEEFAMA A R I AR R R R R
FEEERENG 2 ) 7EBE A T PRt HAIE I R A K A S, BE AU T 1) A FH AT SRy R RS 32 1145k 42 11
W GEUR I B R A8 B T T A o T Y A A F) R R RS A 5 2 1, BT v 30 200 9 2 1) 4
R KRR IIE BB, KRR S 7 IR BT (4% F B0 &/ N2 FEdf b SR e R R H/N RS KR
1 T 5 RAEAE B Y U R S S IR 3 25 38 m 76 0 b A 85 vh B8 B AT SRy R I 2 L P T e 2 T T
AR AR BB 25 5

KRG A2 A B R IR KRR o R 4B 152 IR BRI oh b 52 A B 5 KRB, ok
BT B A 2R RS 22 e A BT T 1) K BT AR | 22 4 3 % e R /K SR L K AR R AN (S R RS Bt T
EYIE R R RIEFLAE T 2RI LR 2 0 B 4% 1) R KA 22 S 5 X SR 4 43 A T S K Y5 18
T ER RN FRGE A, e A TR ] O X R KRG A 2 R IRAE M Il R A = 1T b A 1
R Foc BT 1) - A AR v ) DA 1 25 R S AR SO BT 45 AR, S K KR A T Lk
N T R K AN A=A R

BT KRG 24 Z B il B 2 B . BFFE R ITE 19 DM UAZ fE b bio3 (BRI ) Fl bio7 (0
A D) X KRG () 4 22 AR 3500 B MR e 0 25 0 bio3 (AFIRLE ) BBt 17— b DXk A8 Ak A AR X s e M B30 4
TR EE BB B2 DX R BEAE —4F rh 45 ) Z 0] B 28 (AR T BR 4 &) ) SR PR i, | S AT SRR E 5 2K
(EBRARR , DU L8 199 ) AR AR AR O AR AR A it sl B, Sl bl 22, U g =5 P22 Sl BEEE W 2 bio7 (iR
AEYE ) 8 1Y S — 4 TR R SRR 5 B/ MELZ TR Y 2208, B 2 T — > b XSO A — 4R I 8] 15
AR B MR BE 33 T PRI 3R X R TR 8 A% A 5 345 B P 19 5 i 3, ) DR SR 8 il P8 2 A 8 3 PT RE LL s Uk sk
ARAG NG B0 25 5 0 AT TRRAC M 1 18, 5t 5 AR AR SR 25 SR 28 B0 . RO B i 4 b it [ s 5 TR 2
3 ARG, TR T 2 R KRR AT AR B A b 5 L 2R S Bl A R o A X ek 5 A B I B A 5, iR
JERE FUI  KORIEAEVS W1 o0 A 8 22 T T8 AR AR D0 A 7 Wk DX TR 23 S & R R RIS 1 40 A L 62
VIR, AT WAL RS e R R IE A il AR SR S R WUt ] AR 5T 45 R B A BRIk 77
4.2 RRIEAFE T A B = B dr

BRI Y FARR P A R I W E RS AR XA R PR X R A e XU 44 PR DX | AR 3587 Ml | b BT
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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%

RRIGL AT 82.65% BT AL AP RSN R R KRG L F0 B A BAF R RO PR P 23 i, 28 R IX
SR AL R S B R SE T SE S DRI E S [ PR, RS AR R g A S A X, @ ARSR T
B3 U FAT B ot DCVR A R AESBER T i, 2 22 98 2 B 22 el A0 DX, ol A 7™ 0 M 1 ol
BRI, BT IS TE S B RS B R FIB RIS SO DX S T 11 A4S [ S0 28 el R 2 A AR AR 3
DX EATRT IR — B R R b SR R ORI AC 2 FL AR B ) DR AP 2 il ) T, (LR P s ke [ RELATH AR 5 B2 5 G 2 0
A TERE AT AR 39 ok 14— Sl X3 5 SRR IR BOANE R IR A 258 SR R I 1 Y T
PR [ S R DR P A R A 8 — S8 DA BN Bt fin i 1 B X B A 7K 5 FR 4 s A A B, G St it m] LA E —
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
TERS PRI ZR A R ARG s O AP B R L | Sl BSOR ST T T R AR 2R A1 A F) DR R TR A 2R JBURH Rz Fr) 4
T, VAR B O P A S S 26 RO LA B AP it T 23S AR LA

(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
AT AT, LUK B AT RERD M B KRS | SCREE B I Wy ARk .

(3) iz 3 S, DS B deg s R 3P £ T BB A (Y RS BRI A0 ORI i & {H AR G
AT TSR A R A (E BARAR T A R o AT S50 o St 8] A R dl 128 LB 1 o SR 7% LSO B R0 R 3E
M A 327 A, Herp R ok B T 25 20 AR D sl % JF BAUH 0 A i (5 8L, BOA MR (5 8L, i 22
HER RS R ORIE B DRAP A A7 BUIR Rl RO A5 EIE R B2 R ORS00 0 R A RO
AR I T AR, DURE S S BE X i (9 PR PR L BT 1 OB, A EA TR 24 BRI ORAP
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