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Abstract; The Oriental White Stork ( Ciconia boyciana) belongs to the Ciconiiformes Stork family ( Cioniidae) and the
Stork genus ( Ciconia). It is an endangered (EN) species on the International Union for Conservation of Nature ( IUCN)
Red List and is the national first-level protected wildlife. They mainly breed in the Far East of Russia and the Sanjiang Plain
in Northeast China and overwinter in coastal inland lakes such as Poyang Lake in the middle and lower reaches of the
Yangtze River. Shandong Province has recorded the reproduction of the Oriental White Stork since 2003. The Yellow River
Delta is the main breeding ground for this species in Shandong Province. The purpose of this study is to explore what
environmental factors affect the selection of suitable habitats for the Oriental White Stork. This article uses the site data

collected in the Yellow River Delta Nature Reserve, the site data extracted from the Species Distribution Database ( GBIF)
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and the environmental and climate factors of Shandong Province as the basic data, based on the Maximum Entropy
(Maxent) model and geographic information system ( ArcGIS), and predicts the potential suitable area of the Oriental
White Stork in Shandong Province. The results show that the most suitable habitat for the species is concentrated in the
Yellow River Delta and nearby areas. From the border of Hebei in the north of Shandong Province to Weishan County in the
south, along the tributaries of the Yellow River to the west to Liaocheng City and Heze City, there are 3955.63 km® low
suitable areas and 1893.82 km® more suitable area. The total potential suitable habitat is 7208.72 km*, of which the most
suitable area is 1359.27 km’, accounting for 0.89% of the study area. The newly emerged more concentrated and more
suitable patches are in the area around Weishan Lake, where there is currently no record of this species. Through the
analysis of environmental factors, it is known that the vegetation types that the Oriental White Stork prefers to choose when
choosing suitable habitats are shrubs and meadows, and the land use types are swamps, tidal flats and canals far away from
roads. The climatic factors that significantly affect the Oriental White Stork’s selection of suitable areas are the warmest
quarter rainfall and the driest month rainfall. The results provide basic scientific evidence for the habitat management and

establishment of the protected areas for this species, and promote the protection of the species’ population and habitat.

Key Words: Oriental White Stork ; Maxent model ; suitable habitat; environmental factors
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Table 1 Statistics of contribution rate and permutation importance of environmental variables

Variable Percent contribution Permutation importance
Biol 47 Annual mean temperature/ C 0.2344 0.9738
Bio2 B# 2 H {8 Mean diurnal range/C 1.5958 1.3539
Bio5 5% H 13 = IiE Max temperature of warmest month/°C 0.0147 0.701
Bio6 #xi4 H (3 F AR IJE Min temperature of coldest month/C 0.0237 0.354
Bio7 4R A AL 3E Temperature annual range ( bio5—bio6)/C 0.0272 0
Bio8 fixiiZ i V-3 Mean temperature of wettest quarter/°C 1.2534 7.9711
Bio9 fx 12 FE SR Mean temperature of driest quarter/“C 0.3957 0.3142
Biol0 ¢l 21 1R E Mean temperature of warmest quarter/°C 0.5281 0
Bioll 54 Z= 4R B Mean temperature of coldest quarter/“C 0.1808 0.0188
Biol3 i@ H P& M i Precipitation of wettest month/mm 1.4773 1.4352
Biold T H B M i Precipitation of driest month/mm 2.5831 2.4349
Biol8 & Z= L FE M i Precipitation of warmest quarter/mm 0.3934 6.7476
R TE % B 25 Road distance/m 3.0834 0.0553
FEVAI R FE RS Water distance/m 1.1304 0.2176
FE B ZEAD Vegetation 61.7477 75.2423
3 A FHZEAY Land use 25.3310 2.1804

LG TR EERME Sk AUC i, MBS | RIS FROE BB 2 e T H AR FERT & (biol4) 55z
Mz 2= FEFE TR At (bio18) X 5 AR XA ) 2 RS, Ul W AR J7 S 0 S R 1B 9 550 5 A 3RI 8 i AT

http ; //www.ecologica.cn



2198 EoOE O ¢ 43 &
FERAR, WVZR Ty SIS S Mo BE 5 1T DI A 3 5 AN IAEE AR A T ARG o 1 T
o bR w R = B
biol
biol0
biol 1
biol3
biol4
© biol8
~:§ bio2
iéu% bio5
i 5 bio6
Bl bio7
B bio8
= bio9
o e
3
it
7
0.45 O_ISO O_ISS OAEO O_gS 0_I70 0.I75 OA%ISO 0.;35 OA;O 0.I95 l.IOO
2 AUCHH Training AUC values
B2 STEETFIIS AUCENIHEREER
Fig.2 Jackknife test results for each variable based on training AUC values
Ve 3% 2270 e AT A 21 Y g e o AIR T v (BT 3) HE A
RO (77 LERER B X R E A R eh, B op
WA AR (B A B .t 2 os)
ISR By iz [ (BT 4) vh 5 VE b AT | e T A %%ow
KPR ERE S IV PR bikAk 88
Do Ny > Ay N /. 4\_:-5/ : B
JEE ST U Fofr - b R 28 B X6 AR T B A A L BE PR 5 &
WK, eSS R B R (B 5y R, 2 )
T 4 B B AP M s, R WIBE Bl Bk g § o = - = =4
N, . - 1 3 4 7 8 9 11 12
BT AR O S L, A R DR A A 1 M2 Vegetation

WL (P15) , fie T A 55 2 2 2 g 9 i o A 1
MR, 2 WA B 3 I3 T 45 800 o 7R 5 1 98 A

HEH,
2.3 AR XA Tk AR R T AR

Zeid HARW SR P 2RR (1B 6) AR J7 FUBSFE LR

A4 BYE B B Hb T AR A 7208.72km? (1l AR 48 ST AR

3 EEBE IR E
Fig.3 Response of Ciconia boyciana to vegetation
FEWEZEAN R 5 o 1 BT bR 2 SRR SCHR ;3 RMbR 4 HEN 5 et
6 FJF ;7 B8 Bifa] ;9 VAR 10 Bl AR 11 AREE R ; 12 HAl

1 4.72% , Horb 5386 B0 X 1359.27km?, (5 S T AR

0.89% , T2 AT AE LB =N rhoCo [ R AL BT ) v X 35 10 5 9 A v 1) AR, T T R

I RARMR BT, 55T 9548 58 FAL AL 0388 b L K S

By TR 00 B g, B AR AEARE T M T R R

VT B 7K B BB Bl i B X L 1893.82km” , i B FRAY 1.24% , 84345 T 1L 4= 5l db 22 AL =M T

DI, B3 A T e b DX 4 S M T T b T S
pARN N R TR I N e D P /N IR TR R

1] PN B 1) YRR I 1 P B e N T T
IR . S EIX 3955.63km?, (M ALY 2.59% , &

SO AAEHEDTTT A £ T AR TR VA 16 PR DX, ARV T80 e PRI o L8 B R A, B A
T T RIS R T A B R TR R . DALLZRAS R R 2R BRI SR B 2 O ARHE , 5 LR R T I

http ; //www.ecologica.cn



6

ZEW AF L ARTT U LR A T LTS 9 23 A T 2199

BIRAFAER LY 2.7 % 1R 2% o A6 2 2 R 05 T AL S B A i S B i 22

FEAERE

Logistic output (probability presence)

0.8

0.6

0.4

0.2

8

0 12 13 14 15 16 17 18 19 20 21 22
iﬂhﬂﬁi%ﬂ Land use

B4 iF) LB EERKE

Fig.4 Response of Ciconia boyciana to land use

F A A5 1 K 52 B3 b 4 HERARGS BiAkH ;6 FoAth b ;7 =7 25 F b ;8 Hh A a5 Hh ;O IN7 3 A b5 10 YT 11 W
Y512 KRGS 13 WiV 5 14 Wb ; 15 S ; 16 AR R ; 17 HoAh A3 i 5 18 Vit ;19 EhAliith ;20 VA BEHE ;21 #1122 #4 4 ihh

FEAERERE

Logistic output (probability presence)

0.70
0.65
0.60
0.55
0.50
0.45
0.40
0.35
0.30
0.25
0.20
0.15

1.0

0.8

0.6

0.4

0.2

FEAEMESE
Logistic output (probability presence)

0 5000 10000 15000 20000 25000
BEIERPEBY Road distance/m

0

2

4 6 8 10 12 14 16 18 20 0 100 200 300 400 500 600
T H B HoKE (biol4) R R AL (biol8)

Precipitation of driest month/mm Precipitation of warmest quarter/ mm

B5 = EsTErnmaT i sE

Fig.5 The response curve of the three contributing continuous variables

http ; //www.ecologica.cn



2200 JAE = 43 4

115° 116° 117° 118° 119° 120° 121° 122° 123°E

36° 37° 38° 39°N
T T T

35°

B EEEX
0 R A X
. BRI
& K 1%
0 150 km
! \—II ! ! ! ! ! ! !
115° 116° 117° 118° 119° 120° 121° 122° 123°E

6 WERAFFABEEXTMMER

Fig.6 Prediction of Potential Suitable Areas of Ciconia boyciana in Shandong Province
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