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Study on the multi-factor distribution mechanisms of migratory birds: coupling

species interactions and spatiotemporal differentiation of habitats
XU Yifei, LI Chi”
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Abstract: The global decline in biodiversity is occurring at an unparalleled pace, affecting about 14% of migratory bird
populations, which are experiencing drastic declines or potential extinction. Pinpointing the principal drivers that shape
migratory bird habitat patterns is vital for preserving endangered species and for crafting and executing strategies aimed at
biodiversity restoration. This study centers on Dongying City, harnessing MaxEnt, InVEST, and an optimized parameter
Geographic Detector (OPG) model to conduct a systematic analysis of the distribution patterns for suitable habitats of 28
migratory bird species and the progression of habitat quality. By quantifying the relative contributions and coupling
mechanisms of various driving factors to migratory bird habitat patterns, we identified key types of driving factors. Our

findings reveal that; (1) The suitable habitats for 28 migratory bird species and their competitors in Dongying City exhibit
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substantial overlap within the Yellow River Estuary Ecotourism Area—with 85.84% overlap with local resident birds and 20.
74% with Spartina alterniflora Loisel. (2) From 2000 to 2020, land use changes in the study area occurred with greater
frequency, resulting in an overall reduction of regional landscape diversity by 27.10%. The habitat quality within the study
area consistently hovered at a medium-low tier, while all other tiers exhibited varying degrees of expansion, with the
exception of the medium-low tier. The aggregation effect of the habitat quality index is notably significant, with spaces
across all levels predominantly characterized by the clustering of high values, which have been steadily increasing. (3)
Inter-species competition is the primary driving factor affecting migratory bird habitat distribution in the study area, followed
by human activities, habitat conditions, and climatic factors. Geese duck groups, crane stork groups, and other groups
migratory bird types exhibit similar environmental response mechanisms. In contrast, the spatial distribution of plover groups
may be influenced by more complex multi-factor interactions. This research clarifies the fierce ecological niche competition
among migratory birds in Dongying City and the ongoing trend of habitat degradation. By using the OPG model to quantify
the driving strengths and mechanisms of various factors and their sub-indicators on migratory bird habitat patterns, our
findings provide scientific evidence and practical references for the high-quality implementation of biodiversity conservation
projects in Dongying City, holding significant practical implications for advancing the ecological protection and high-quality
development strategies of the Yellow River Basin. We hope that this study will encourage increased engagement from
policymakers, scholars, and the broader public in urban biodiversity conservation efforts, thereby promoting the

establishment of a harmonious relationship between humanity and nature.

Key Words: biodiversity conservation; driving mechanism; ensembled model ; migratory bird; The Yellow River floodplain
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Table 1 Data profile and sources
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Table 2 Migratory bird species collected by the institute and their conservation levels
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Fig.2 Results of environmental factors correlation assessment ( birds)
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Fig.3 Results of environmental factors correlation assessment ( Spartina alterniflora Loisel)
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Table 3 Overview of driving factors
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NDVI A —fbAEBEFE 4L, LULC 4 Mo A FH 27 SHDI & A ZAEEFR 5L, GDP i B AR 7™ BUVEL, POP i A 125 (8] 43 A

312 RESIEAE XA )R
WFFE 25 (P 4) FIH |28 ol 19 () v A G 50 1t A A LA I A0 5 9 7 B X S 09T 11 A 285 9 IX A s (LA o0
S AL AN B Y ] PR BRI R A A kA B ISR TS S RIS 5 2 A I 1 v A A
BHL K, 258 1500—1650 km® R HbIX B3 RE ) B8 5 T o S A T AR AL S b T B AR/ DN
1R 600—750 km® , A ZHEGE S VR AEATLE AR 0L 4 %fﬁiﬂ 1A AU X R T, L P A g 2t S {1t )
BT 1 AR AT DX 04 A/ T K e 0, S A 2 b 9 T o) e P S v 2 ) R - S R TR T 7 R R A
5, )R QG- DX G AV T SR A DX ARFEIRI LK 2 S I K B TE B T R G S v ZEA B A% JRy . 724
B BEH 2 T, S 7 S RIS 2 1 (14) D A7 8, 1 2 300 LA E U K RSO B AE A = T2 5 A 2 S R HL g 2
i 5 VoA I8 1Y) 2 T AR B 2R 2 AT N R AR M B K, A A A A AN R
3.1.3 L TERFNE A XAt R
ST R (B 5) FW] 3 i ER 5 003 A= X F2 53 A T B T] 11 AR A DX 28 ) A0 - SBkmr ey 1 DX B oA ) T T
TR Hb 5 DA O TR X AL A s 1 RS R R 2 ], ey | 6 B R B M G 199 325 A DX 2 Tl A SR B AR,
117 253 S W55 P A DX UL A B )32z %) T RRURIT B o Sl 1, (SO o 1T R BT, X AR 5 28 i 1 5 4 3
AR ELLTE (£ 900.4 km®) FIEEHE (£ 900.1 km?) |, HLUCEBEMENS () 774.3 km®) . 25545 B8 15 0983 A0
WEMORE 5 R ZXS RS e LI/NE TG B HE S 10 /N K S (R SE MR kS IS AL ERE A RS D)
xﬂ@ﬁﬂ%*{r‘ B G S RN B BT
FFE 25 T F A | PrAE K o A A X R TR i 1 8 TG YT 1 - S kT il 1 LA R« ] 11 A 2R Ui
—IREHST T X AR S R R A, ITEG RO E , B K R 13 A X 25 W] 40 A0 55 5 AR
HiBA S i A 2SN FE B 0N 20.74% i1 13.45% , X6 LA BZE AR A Z2 Rl it 1 A A S5 A A7 S ] YR b g A
BRGEA M B E

http ; //www.ecologica.cn



2192 JAE = 45 4

(L TEES (L1l ES

0 25 km
[

&R XA

. EE X
E A X
RE A X

e EEAEX

B4 HRRESEEHSHENER
Fig.4 Modelling results of potential habitat for migratory birds in the study area

Bk G LR HAEKRRE
B e
i , E

A

fr

0 25km T
{f — ]
EAXA I E X JeiE X

5 MIRRESFMEERKMER

Fig.5 Modelling results of mesophilic area for competitor species in the study area

3.2 RS B M 23 AR AR
3.2.1 SO ZFEVER A AR RE

W 6 Fr7R ,2000—2020 4F  BFY DX 4 b ) A AR 5000 %6 e 48 1T AR 2 o BV TRTRR 1 50.63% b K ST
TR RN P TE AR S RN R | b A e b R SR A B RD A R 28 T K R sl e B ks T
FUE . BB ,2000—2010 48, b 5% 3 0 3R A i | 4 7 QLA T Ay AR 0 25 [0 o7 F AR ZS [l 5Kk o 32
2010—2020 4, -4y LA T A 7= A 0 4 [ B9 oAk ok =8 | S e TR 5 1R X 32 ARG S T ™ i,

http ; //www.ecologica.cn



54 PRI AR ARSI T AR BB I s S 14 22 DA SR A S e A BL 2193

20004F 20104F 20204%
47.04% 52.69% 51.57%
026% —

4.55%
0.91% 7.97%
18.01%
15.20%
22.03%
15.44%
8.46%
305% 0
0.11% 2802
12.73% 0-55% hpLLs:
0, o 0
0.45% s3%
0.05%
1.50% 8.15% 7.22%
0,
(3)3;3;) 884213?, 0.004%
. 0 0,
e 0:30% gg;f
3.82% 3.29% 68%
i 29% — 0.30%
1.49% wm 1999 - 126%
Mkt B #hi IKEEGYE VHBEH ity [ A6
ik iR Yt e RS pi2ed W

B 6 2000—2020 F£HF 3 X i F) AEEH#RS T

Fig.6 Land use conversion statistics for the study area from 2000 to 2020

WE 7 Bros,2000—2020 4F B 58 X SOM A SRR IR T 27.10% , 500 2 1 s B DXODA Hhcs I o2 i
AL EEM O, B R IS SRR TR X AR E W B X SHDI {EE A R T 258 E 78
B o B R b DX A R B TC P 22 SRR R A T PR A AR B A I R X A R B
G I PR 35 FH M0 TG o JR A 7 A 5 P b sl S B R AR 2B S 3,

3.2.2 AR RIS AR REE

WA 8 Frzs ,2000—2020 4F  BIFST IX (1) A 385 B i SR LU IR &5 o0 32, SE 44 (E i 0.3023 i 3h T = 0.3475,
HEA R IEA 2 A B 8] 32 A P e DA - S T T AT AT BT 1 A A i T
DX, FFa2R 7 1) J) 220 MV P Bl M o R s e A B (] S AR T T K B RN I SR A X, R B SR
R IX R FHFAE, S RIS A BT A 1) 43 1) AP s RN T 20 A A% OB R A0 A, FFTE AR R 2R Y
+ R B AR A T

FEZS 0] [ AR OCHE b R 9% X A 45 T 15 B0 SR AR 00 I 25, SRAE R A D R (B 2R 42 32, 2000—2020 4,
WG DX AR 35 T 1Y 22 JR B 22 R EURN General G RS 70 B4 238 1 WK IR 435018 16.96% F1 19.77% , #ki %S
(] R T RR 4 LG ER 9.025% 384K 28 20.316% , [ 0o 220 i 1) VAL T [ B 31 , R 3 Ve U 5 7% 28 BTl e 1) RS B 57
B IX 3 ¥ p5, 23 (B B T FR 5 LG H 7.703% % 238K 28 10.825% , Lo 3B W ) P /e 0 A 31, I I A Fa B E R B IX
SR
3.3 ZIRIPRF N 43 A s L
3.3.1 FTFHG

AT AR R R 13058 T P<0.01 I 2 AR, AniEl 9 iR, X1 252 M 5% XA 1 43 A1 1)

http ; //www.ecologica.cn



2194 JAE = 45 %

0 25 km
[E—

UL R T H% I S

E7 HREENSHEMEKEST

Fig.7 Statistical results of landscape diversity levels in the study area

20104¢ 20204F

A BE R

ZE A H K

Moran 8% = 0.9088
7184 =161.459733

General GYLJII{E = 0.000171
Z4 = 157.9095

Moran 384 = 0.8964
7154y = 159.2667
General GWLII{A = 0.000181
71584y =156.1579

Moran 8% =0.7767
7184 =138.0364
General GYLJI{E = 0.000145
7154y =131.8402

0 25 km
[E—

ASEREDKF HiE A R
@ AHENFEL @ o=y HERSE B WRERSE

8 MERERFERZEBBEXEITHER
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