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Abstract: Research on the diversity of bird species in China has limitations in spatial scale. This study used provincial
administrative divisions of China as geographic statistical units, employed eBird citizen science data, and introduced the G-
F index to quantify and evaluate the characteristics of bird species diversity. Based on this, spatial autocorrelation analysis
was used to explore the spatial distribution characteristics of bird species diversity, and a geographically weighted regression
model was established to analyze the spatial heterogeneity of factors influencing bird species diversity. The results show that;
(1) Overall, the spatial distribution trend of bird species diversity in China gradually decreases from the southeast coast to
the northwest inland, exhibiting a spatial pattern of longitudinal band differentiation; (2) The degree of influence of each

influencing factor on bird species diversity exhibits obvious spatial differences: temperature factors show a spatial
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distribution characteristic of higher in the north and lower in the south, the influence of snowfall factors on bird species
diversity is mainly limited to northeastern provinces, the degree of influence of hydrological factors on bird species diversity
gradually decreases from both sides to central provinces, the influence of vegetation factors on bird species diversity shows a
trend of gradually weakening from southwestern provinces to northeastern provinces, and the influence of human activities on
bird species diversity exhibits a spatial distribution characteristic of latitude direction aggregation. These research results
contribute to enriching the study of bird species diversity and providing scientific basis for bird resource protection and

biodiversity conservation.
Key Words: avian diversity; spatial distribution; G-F index; Geographically Weighted Regression (GWR) model
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Fig.1 Number of bird species and coefficient of variation in mainland China’s provinces (2015—2019)
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Fig.2 Statistical results of bird diversity in mainland China (2015—2019)
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JIt7R,2015 & 2017 4F, S22 RE MRS 76 23 6] JG W 5 4 SRk A B AIF , EL AT 4 v M S5 A B MLV 5 i 7
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20182019 4, B ZFEVE I3 A B A SR I A 23 [ FE SR A, Moran’s T HEEUE R 0.115 K % 0.162, KWL R
BN

F2 HMMEFHERSBEELER (20152019 4F)
Table 2 The PCA clustering results of the impact factor (2015—2019)

AL BT

Impact factors Environment variables 2015 4 2016 4 2017 4F 2018 2019
7K 3¢ Hydrology K 82.571 82.403 79.665 78.484 77.794
(NS 10.227 9.67 13.744 15.181 15.973
Hb AR 4.058 4.689 2.823 3.617 3.294
FE R 2 0 HE R K 2.942 3.024 2.382 1.779 1.691
HuFRAZ 0.201 0.214 1.338 0.904 1.189
IR VK IR 0 0 0.048 0.036 0.059
HBE Vegetation B 280 - T U 88.637 88.175 86.343 86.959 87.197
TR TR 78 A 1 7.024 7.377 8.871 8.311 7.490
eI AL B R I TR R L 4.339 4.448 4.786 4.730 5313
T Snow Et ¥ a0 90.59 88.60 90.51 87.03 90.08
MEHTIL 8.03 9.94 8.73 11.91 9.28
TR 1.38 1.46 0.76 1.06 0.65

PCA; FE W43/ #T Principal component analysis

#3 HESE G-F 54K Moran’s I f8(2015—2019 4F)
Table 3 Moran’s I values of G-F index for provinces in China (2015—2019)

Ay Moran's 84§ p 7 AR
Year Moran's [ Distribution pattern
2015 0.017 0.578 0.558 FifiAL

2016 -0.065 0.790 -0.266 FiiHL

2017 -0.002 0.681 0.411 FifiAL

2018 0.114 0.038 2.076 xR

2019 0.157 0.047 1.988 xR

FEXT 2019 4F G-F F8BUE R IR Bk W48 XTI R AR 25 18] F AR SC 04, LA BV R e 48 S AR ek e
BN SR PR R i WA . FRE SRR A i R & m- R A (710 AR-m 2R (5N i)
m R MR-RERAE (1L°7) 3 FhEE R BRI (1K 7)

(1) fR-m AR IX A2 IUAS X SR AP L MK R s B O L, PR | S A
32 BT AL (4 B R SR A R W), 2 PRI A S 2B A B | B 2R S R /K P s T AR 2B A P
TSR 3 2 T A L e ] 28 S e i O 94 M X 5 SR TS Bt 208 P4y 94 T XA T S 9 RT3 il X ) 52
FUAE SRR | JEF 20 B A 1k S AT R A b 2 2 B, HL A AR PR DRSS BRKS-B5im7 , O 152
M ZREPEOR PR A AT T OREE

(2) fRAREERIX %A X LR 1048 DX IR 5 2 2R MK AR, ML X O 307, 37 g b
FRARAE B30 T rp AR AL, SURIEVS SR AU DX AR I G i | 219 P B A 5 SR AR X 5 D R X
B A S it H A v T A AL R I Ay, e TR B R R Ry, S B0 M DX A AR S FR B AR X B — | il i
BN B AR A A IR R T SRR R

(3) Fi-m AR RIX SIS X R R T4 DX 0 55 2 R AR B, 25 0] 22 S R E B0/ A7 R ) 25 (1]
IEARSE . W) PO A6 DAL T = B I AR A8 2 18] 41 4 6 B0 B AR BT 2 B B R 25 R 8, SR AR I
v g AR A AN BRI 4 T AL AR oy, LSRRI AR LR SRR A R B - e AR SR AR AE
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Fig.7 Cluster map of local spatial autocorrelation for G-F index (2019)

2.4.2 LT HIEUINA A () B s AR S AL
FET GWR AAY S o [ KR 2 28 2R RN AOR T8 K S0 A B S N2 B S5 B 3 R 3R 1) b 23 1) 43
Bro [FIES, %) GWR FrifEfbs% 2% (Residual Squares) #5472 [H] F AH 087, #1520 P HII KT 0.1, RPRE
FRBRZEAE T REML A A, SR GE S AT 58 | RRA% 1 ] T 25 G 0P 0 B, fi3& 4 7T, 2018 4R GWR 7 R*2h
0.76 , A RCR A, I, RO R T 2018 AR MR AL G IR IR ARV R 5 SR S Z N
FEHR
R4 GWRBERELR (20152019 4)

Table 4 Results of GWR model (2015—2019)
E0) brifEdl sk 2 OIS EISN=R(

Year Residual squares R Akaike information criterion P

2015 0.014335 0.517844 -92.436676 0.227600
2016 0.019715 0.499485 -83.398425 0.146585
2017 0.015049 0.683729 -91.705576 0.361218
2018 0.009279 0.764187 -104.909494 0.945764
2019 0.005786 0.514079 -117.424358 0.673064

GWR; HFEfNALIEIH Geographically weighted regression

GWR HARL[] U R KA T Z FIBEE HAE AN R4 13 ) 15 28 22 R P 0o figp A B A £ e R BE (11 8) |
AR 7 Jo L B AP0 R AR G A 0t DX s T R A R, R I St RIJE T AL T A A 1, T
T KT A SIS B 50 R R BB B B Z L X S S 2 R R AL, T HP o e DX 4 43 i g 1L
TP ARSI 32 L b I R BN . Git UL T K S B S N3 B0 15 28 ZAEPE RS2 e
JE, & 8 AR B, A R 28 L ) A2 ok B SR AR RS i R B A AR 22 5, ELIR]— 2R AU B 0 AN ] 48 163 114

http ; //www.ecologica.cn



&t
H

606 la SRS Eire 45 4

BRI S B — R U Y 25 TR AR

i o7 2 P
i 37 3% R
—fBe i
I
[ i
(I 5 5 s
=25
[ !
Bl =
[ ]k
T ram
| P

El§ SRSHUNBREENMEEESR

Fig.8 Classification of the response of bird diversity to explanatory variables

P M BZ B GWR LR R EOR/IN o HR S 2R AR 2 R (1 9)

(1) SR BR A B 2 I B I i A iy e I B2 [B) A A R ik, b RIE PR AL ER A N 5l B 32 <o
M) fe Ay i, X Bl DX TR L MR B 5 — B BT | H BRI TR TR 25 R AR ik, il N 52
B RS A Y 2R O BRAR IO SRR B 2 b X 1 ~F- 1 H BRI ECTE 2800 /N DL R 22N 15 C A,
FRZENEF] 30 CLA Y R RIR IR Sh Xt S AR AE I B AL T Bk ik, BRI EZ B2
FEEYPRIE, SRR B 2h 52 SR IR . ZERRCIRAC T | B BT Sl 55 3 i AR 1 5 28 2 ) 3k
A 53— T VR 3 v e N A S 28 A SR T, Ry T AR A A A, B DGE 23 R B T A T
o TR BEAR 40 5 1 TG 380 5 T XY A R BRAEARBE , 0 S A e R AU R 5 R i AR 2 A7 3

S ARk At X R 2R A DT S ( Ciconia boyciana ) 55 KK kA (H HAL G5 i 4

—MRAEATL A U 33 A BRAF RN X4 R AU Aty ke i Pk B4 At 1 OB R L A, BDTE ST o 8 Bk, 42
P TR BN YRR IR A BT 528 S ORI RRE AR L, I TG i AR A7 A AT i B

(2) TP AR BR ) 32 B4 v ARG M X, A YT 3077 4 X S X 5 R K H R i
Ko FELZE, M FREAMEL AR SN ATE , R T SRR K A5 2 (0 19 200 13l 2 e R
WA, IEREIE S 2 i Jo 0 v i E S B, 3 2 KB S i R 2 M e 5 R N 1) B G X B2 5
RIS A SRPREGEAL NI T30S R 2 RE MR f

(3) ZKSCIH X% 55 2 i B Sl FH 52 30 HE DA R A A i) v 3848 3 128 20 32 0 ) A i) R 270 R oL, B/ RIAR U o
5K ST B XoF A BB P 740 b DX 5 28 2 R PE ) s MV P S 8 T b X, K SCRPE AL 1 /K K St i
S JE P b K s FK R B4 e 6 b A 25 FR G0 TR IR A | DTN AS ] A A 2 0 5 7 475 L b ik
BT A BB IR F T AT 2 W RS Y v S R T A YL AR R K L
KA . KRG & B S g an a2 W52 oK AR B VARl & H bR, N TTBE i 1 Al AT ) 3
TR TR 1 X S [P £ ) R R LA 5 I, T DA I s A K SR o b B £, LT AR R A
R L TT e S A SRR T LA i BB oy %, R IR K XU I S A A B S R X0 Sy TRk SC
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Fig.9 Classification of the impact of explanatory variables on bird diversity

X 5 AN T 1A 54 DXRT X R HOK A7 A7 R B > K S 5, 2 i i s 00 R BEOK R AR Y
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(4) AR N ZR 0 B 2 RN (0 9Kl A Jey R B H ey P8 R 3t DX 1) AR IE D7 BURbis 55 i a4 . A BRI I, Rt
PR GBS SRR B (EVI) 5 AR 55 5 BE (FCH) X S 2R 2 REVERZ I 1 5 1T DTBR A R 1k 2 349% 4 A, R Wi A
KRG A LR SR RO B A B U TR AN g SN D)1 B
PG FIRAGHY TRBR B b | 50 SRR O 38 10 45 2o P A 485 T R I 0t DX R YL T 7 A O A X
L ARTES TR AW RUAR XS H— | 20 g 9 AR AT IR, Dy 15 S48 B A A 2 M 0 £ ) B U X
b IR RO B 2 SRR R R RN

(5) NH )N 75X S SRR R MR S 7 126 B2 T i) £ SROMT I O 1 20 A 6 i, BT 86 L 58t 10T
st S A AE A I, BN D IR B s T A X s 2 DR G P ) Tl s Al
DX, NP BEROR , ARG SRS A 1 TP B A5 AR 8l Y N X AR BB 1 o B =2 38 o, P e 3 1%
RZHVERR MBI, N THEE BN Bk W 5 28 1w s Y 32 Z b 2 — , A2 32 & S80S K AR
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BB > | RN TRIRE TS R i) 1 26 7E (R BRI R 4507 TR ABOR MU B, PRI, ik DX 3 AR 25 WAl
S TR PR B AR AN S LR A S AL S B

3 it

3.1 BT G-F 850 s i) i

M G-F 8B AEPR SR, HALAE 2015—2016 4 [A] B AR I 71T 1<, 2017—2019 4E 4548 G-F 1541
U A AR RV R A B S 2R 2R R R IR SR Y 2R TR R R
i, 2016 473k [ F K ik ) s e 2, Moy KA A %, BT L B7 L & KL B i S R R 0 18 LR EET
FE IV 8 32 JE U0, T BOZAE S 2R R IR R

2015—2019 4/ G-F 850Uk it Ze e sh B i % JHAERL I [R] 7 51 9 Hh 3 2 A A8 (R 27 {8, Horh 5 4F Y
AR R ZL A 0y R B TE YT, 2015—2017 4E BB IBIT. G-F F8BGELE L T A, H 2017 4ERFIRAS] 11.9% 4
My FF BRI T2 85 N0 2 AR | 55 1 o 28 ) e PR 4 1 R i > > b BT AR ik
SR IEE N RS T — R INEHA 5K E T H 2019 48 Sl B HRATE” £ 4600 hm® P i
BORBUAT BIFR Lok, O S22 it 1 R4 i BB 23 07, G-F 4550 B 18.9% 1 K i Tt
3.2 MBI RN S AR B I 2 7E

HIETE 0 v [ S 2R B X R A3 AR X ARTb X S X B IX PR X A X AR R X B A X
25 G AN R DX SR P 22 S FRATT AT LA S5 W e = 5 BEAK S BT o 1) 2 A St AT IR — 25 10 T i .

(1) PURIIX FE T T m -5 PP, 2019 4P 70 iic sk 1 714 523 M e (iR 1), it E B
SN 47.4% 34.8% ,G-F 8500 T v B KBl fe s K- . IHBFRA B ORFH , = F 4 58 1 P9 R X S 4Epg
DX, LA F v s AN T PG R DX P AR EL S L, 3 R 6740m , VA e AP A T R b DX P 03] 5 e Y T i 3
b EEACR 76.4m %8 (U 802k B AT I [l A p S A VAR i ) — 0 2 o [ R SRR VLRI 1Y) 35° 4
JEE1 Pl PN 4 T A Aty i e 2 25 R e 2 T B T AT A | SI0 s L X g i i) 559 B A B R
7 T AT I e A 35 2 TR (1 0 Al (e 1 28 DT S 4 5 JAA7 W R 3504 A O B R T L Ik P 19 A B
JEURTR | LK 2, SRR X FE VS (H R A 28 R 8 S A5 o e VAR A B 1) S5 2 Rt (2 b, 0 45 PR TS ( Grus
nigricollis) FIAE A JE AR ( Carpodacus dubius) S0 | AR IX F 2 LA A 2 ICE TR AR
W AR RN AR S HE L K 0 25 R AR A, S0 AR T B 5 (Anthracoceros albirostris ) X — #a1s W AR () bR & 1Y)
FREST VU 5= A AL, HEs T A S 2K B X R A8 R 2 HL TR AU 5 o, O S 2Rt
TSN, NS T SRR AL, BEAh, U 1 TR AR A s I, A 35 P B — A0 i AR
hZFNEST R A ST, ARSI, S SRR BT R EAE T E MR,

(2)#edbIX Aerr X A e T E RTINSO DO LR O SRR 2
PEARAE D AL 5T A6 S48 0y 0 S 2 b - & FE W0 T A 0y o X — VU 1Y 2 FE M e (E2 R
TR K HAE R LGB R T I, XA L& TR W B AR e 5 DL IR E AR L 5 At R
(andb st KEE ) BHE AR HIK 5 BT Sl A IR E AR b D (AN R T AR L)) AT
FAACTT 10 I BE , X M T 3 rh AR A g 3 L XA 55 2 A v i 4G DGR E R 9, 3 [ A i X AR
A 45 R - 30 A TR VT R R Ui T T R0 BH A A IR 2K 2 K 5 0 AR BE IS B X, X AR U7 1S ( Ciconia
boyciana) )Y ( Eurynorhynchus pygmeus) BB EE % ( Platalea minor) %% S AU A BA Bk X157 |
HERG X @ T A A e XS DU 2RI B2 ), H RS R SRR, i S 2kt o0 1 IR 2= ARk
T = A R R 7 T EE DR T L AR 2 | S LG I L FR AR A B ) ) U A A i 22 | HLER DR B P ]
Vi A s N =V R TIN5 S = @ i s W 7 I N S 1 A Rt/ I o 57

(3) ARILIX AT KX 5 2R AR KB, AT R e T 4k T S S0 38 52 B A G B an | ZRJb IX kb Ab
F R K Bl e b o, BEHE A /N DLW R 1 L ATy, 52 A0 i 4 VR T WD Bk | & R SIS, S ARSI AT 3k
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—36°C AT TR MY SARS A AN RETE N FE S PR I S 2R A7 R oAb, Ll b TR S 5 28 57 T b
PHBE RS, A AR BEIERE L TR SR SR R A A, NI SE I 1 SRR A i h 7 L B AR X ARARE R DL FE IR
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H RS BT/R41h ARE L IS8, V- B 2 4500m , R4 LA v L JRURIT S JE SRl 320 i i I Jir 5 34
(0 77 i A B T T 5 2 R L R R, DTS I 5 28 R R R T
(4) ST IX. FZATHE 1R HOR PR IS O, S SRR R R S Ak 2 B
ARV 1 55 23 28 b e IV B0 8 YR R ity 22 [, e 5 S0 BB 179 B 8503 I S B A I, A =L e P A A
WL HS , A A T FE I EAEAS A o b XS A AR A =48 (Alauda arvensis) 85 A5
( Emberiza aureola) SEE N T R E N 22 , 1 XA A TR T s A A L U ( Gyps himalayensis) | A
( Carpodacus roborowskii ) “F XHEEHK 15 B BAT R 2l BRI AR ™) U8 T 32 21 = ShF A LUk A BELBR , 2%
SARTERL T PN AT Y X 7 , 12 DL X dal 3T ] , A BREES ( Grus nigricollis) A AR T B s AR
T 27 o D T S R AR R 1 % 2 R A VR E AR TR I IEOR  JE R R A EA B L B
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BN o SRR Y M SIS R O 45 b S 4RI T R R AR AR, 3 A A S ( Ciconia nigra) %R ( Plegadis
falcinellus) .35t K% ( Larus relictus) S5 58 H N AR g 2R 808
SASEYE, b B R B 5 28 2R M 1 3 A0 6 J) E O 2% B b B A S R A SRR L (R 98 A st
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AT A28 5 4 T ORIl | AT SR A BOITSE 20 B ok BE 0 ) BRAR A DR AP 55 20X — BB B AR i BT UL

4 #ig
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472 () S ST, A b 5 R A B AR P At DX 3 T v A A A L iy Sty B e VT A IR B 0N
FLRLL R R R GBS R AR B Z M X 2 SRR MR 1T i s DX A ) el g AL VIV A A b )
Z UL R AR RN,

F T 55 4 SR B, B SR S WA XS 72 W 5 28 2 R | A Sk AT s 5 pi e £ 5 A #0730k T S R
SR AR R DA TR AR 7R 1 A 5 28 2 (Rl A 28 EHLIH, k45 DX sl il s AN ] 9 55 2 (i
TP LRI

£ 2% 3k ( References) :

[ 1] EBF, Semenk, 708, E/AVE. 28I ARRY X SRR A RFERST. @R, 2019(8) : 7-12.

[2] M54, RERSIL, Btk RS SRR k. $afioll, 2023, 51(3) : 55-60.

[ 3] ki, PhVEWR, 200%, B, Evhil, SEEE, BN, RILIE. SRR W) E R A W 525078 Z R 0. BT A 3h 2 ik,
2020, 41(3) ; 626-640.

[4] ALK B2 /). bt JLtIiE R i, 2012.

[5] FOLE hELINEGHMAF (ERR) . JL5T B2, 2023,

http ; //www.ecologica.cn



610 JAE = 45 4

(6]

(7]
(8]

(9]
[10]

[11]

[12]

[13]
[14]

[15]
[16]

[17]

[18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]

[31]

[32]

BRAR, ARERLL. BT OC R R 5 A 5% B REITAN Y B BT b0 3 Xk 8 25 ) AR W) 2 RE A A3 AR R AL b LB AR, 2023, 39(9)
126-132.

BT, sk, $E5E, MM, T, HRLHE. SO RS e ROW R L AR . AR A, 2021, 41(8) . 3248-3254.

B, RK, EEE, GHIE, Huis, X0k, skl U0l el A [ d e ) 5 v kb 5 SRV 2H R i 2 H) AR AL 5 R R
FETEM. AR, 2023, 42(12) ; 3008-3018.

BURBT, 55, £&, BT, X, A5 AR B KSR R 0 50 . A 252740, 2023, 43(24) : 10387-10398.

Leal Filho W, Matandirotya N R, Mahendiran M. The influence of climate factors in the distribution of birds. Climate Change Management. Cham
Springer Nature Switzerland, 2023 151-164.

Lemoine N, Schaefer H C, Bohning-Gaese K. Species richness of migratory birds is influenced by global climate change. Global Ecology and
Biogeography, 2007, 16(1) ; 55-64.

XUTEME, %, HELPE, T30, B, £F, RN, SRR I 5IEEM B LR RN, il Eaeak, 2022, 57(6):
810-820.

FHUIE. TUMREHL A AR LR X 6 Fh it ALK 5 R S 28 SO HOCHE A SR AR S IR TIF5E [ D] 5L ARrhfl R, 2022.

2298 2%, Christos Mammides, JEWM, IVEA, WAKE, M. T IR ALE = N SRR L. =M ZHAE, 2022, 30(5) :
45-54.

Deomurari A, Sharma A, Ghose D, Singh R. Potential range map dataset of Indian birds. Data, 2023, 8(9): 144.

TR, M, XU, THE, AFE. TR S X = 2 50 5% 58 P 0 52— LS IN T R ). AR 35254, 2022, 42(10) .
4197-4208.

WA, SOmH, T, TR, MR, 22, BRBEA , Jrvk, B3, WU, JET AN AR NOEE AR M J2 0k X 1 5 R 5 S U fE
B ERWESE. RS2, 2023, 43(18) ; 7670-7681.

PHSCHE, 250k, MR, Bk, ks, AW, FHE. JE TR A0 (AL OF AR S WS . A 2524, 2022, 42(20) : 8213-8222.
Aguilar S, Mugica L, Aguilar K, Acosta M, Manica L T. Potential effects of climate change on the distribution of American flamingo
( Phoenicopterus ruber) in Cuba. Waterbirds, 2023, 45(3) ;287-299.

Huang Q Y, Bateman B L, Michel N L, Pidgeon A M, Radeloff V C, Heglund P, Allstadt A J, Nowakowski A J, Wong J, Sauer J R. Modeled

distribution shifts of North American birds over four decades based on suitable climate alone do not predict observed shifts. The Science of the Total
Environment, 2023, 857(Pt 3) : 159603.

FEE, REM, Bih, Wah, WA, BFEE, Xba, XNTFH, BT, BIRITEINIK S 2R R R H R, Mol R,
2023, 59(6) : 118-129.

Allcock J A, Bonebrake T C, Sung Y H, Dingle C. Shifts in phenology of autumn migration and wing length among reedbed passerines along the
East Asian-Australasian Flyway. Avian Research, 2022, 13 100052.

Liang W E, Lei J L, Ren B S, Cao R X, Yang Z X, Wu N R, Jia Y F. The impacts of a large water transfer project on a waterbird community in
the receiving dam: a case study of Miyun Reservoir, China. Remote Sensing, 2022, 14(2): 417.

LR, A, AT, BMKIAR - g 8, £ E W BIEY LA (Tetraogallus ) PRI AW 24T LA, P EAR 4, 2019, 35(8):
23-28.

Fu A H, Gao E H, Tang X P, Liu Z L, Hu F X, Zhan Z J, Wang J D, Luan X F. MaxEnt modeling for predicting the potential wintering
distribution of Eurasian spoonbill ( Platalea leucorodia leucorodia) under climate change in China. Animals: an Open Access Journal from MDPI,
2023, 13(5) : 856.

Azizoglu E, Kara R, Celik E. A statistical approach on distribution and seasonal habitat use of waterfowl and shorebirds in Cildir Lake ( Ardahan,
Tiirkiye ) . Environmental Science and Pollution Research, 2023, 30(31) : 77371-77384.

van der Schriek T, Giannakopoulos C, Koutseri I, Malakou, M. Climate change resilient lake-wetland management: lessons from the Prespa
Waterbirds project. EGU General Assembly Conference Abstracts. 2022; EGU22-7322.

MRER R, A, T, XUE, =55, JRERAE. PRI A K SR IS FE TR B P R AR AR AR, 2024, 43(4) ¢ 1152-1160.
ROTHE, FREE, B, BREZR, IMRYL, KR, INVERR, IRTF, AR, NVERM. I AR A FA WS MR C R, B,
2021, 41(20) ; 8040-8051.

XeE, AR, KRB, A5 S0 % Py T AR 0 ) 3l AR, —— DAL 0 A S5 BB X K S W R AV s e D 1. 2R 22
i, 2006, 26(2) : 432-438.

Lees A C, Haskell L, Allinson T, Bezeng S B, Burfield I J, Renjifo . M, Rosenberg K V, Viswanathan A, Butchart S H M. State of the world’s
birds. Annual Review of Environment and Resources, 2022, 47 231-260.

Zwarts L, Bijlsma R G, van der Kamp J, Sikkema M. Distribution and numbers of ground-foraging birds between the hyper-arid Sahara and the

http ; //www.ecologica.cn



2 4

TR A5 o KT 5 2 o 2 A AR il B i D 3 611

[33]
[34]

[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]

[47]

[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]
[62]

[63]

hyper-humid Guinea forests. Ardea, 2023, 111(1) ;:57-66.

FER, R, SERYFZ RN G-F 48805k, AR, 1999, 7(3) : 220-225.

s, AR, M. o 48 SRR Bl i U0 50 R e 4 i J Y Ak B R DR R Y. RS R 2 2. FARBRAE A, 2020, 41(4):
124-131.

FEE, B, R, VLR, ML S TR SRR, BRI (FERRERD) | 2020, 45(9) : 1356-1366.

. R LR IR A S 2 R B 5 KURS: B AT AR IRBFSE L D] SRR . BN R, 2021,

Tk, MR, WALz, 2005, BIRAR, HAR S0 RS2 R . hEBRABEBE T, 2019, 34(11) : 1247-1253.

Hu, Li. Meteorological risk assessment of rooftop solar resource development in inner Mongolia. Journal of Risk Analysis and Crisis Response,
2020, 9(4) . 177.

Yu Y L, Zhang C, Xu X. Deep time diversity and the early radiations of birds. Proceedings of the National Academy of Sciences of the United States
of America, 2021, 118(10) : €2019865118.

Wiley E M, Ridley A R. The effects of temperature on offspring provisioning in a cooperative breeder. Animal Behaviour, 2016, 117 187-195.
fh—7, Bhifess, T4k, RIOE, 20K, (L. SRR A B2 T ST b . LRIV RL:, 2014, 42(35) : 12549-12551.
R, BER, KRE, s, FlE. ELF LI ZREE. WAL AR, 2023, 43(3) : 298-302.

Tilghman N G. Characteristics of urban woodlands affecting winter bird diversity and abundance. Forest Ecology and Management, 1987, 21(3/4) .
163-175.

Toussaint A, Pirtel M, Carmona C P. Contrasting impacts of non-native and threatened species on morphological, life history, and phylogenetic
diversity in bird assemblages. Ecology Letters, 2024, 27(2) : e14373.

Bartholomew G A, Cade T J. The water economy of land birds. The Auk, 1963, 80(4) : 504-539.

Green A J, Elmberg J. Ecosystem services provided by waterbirds. Biological Reviews, 2014, 89(1) : 105-122.

Kaminski M R, Baldassarre G A, Pearse A T. Waterbird responses to hydrological management of wetlands reserve program habitats in New York.
Wildlife Society Bulletin, 2006, 34(4): 921-926.

AERT. hE SR X RN, Juat Bl L, 1987.

Schmidt S M, Fournier A M V, Osborn J M, Benson T J. Water depth influences survival and predator-specific patterns of nest loss in three
secretive marsh bird species. Ecology and Evolution, 2023, 13(12) ; e10823.

Hoover J P. Water depth influences nest predation for a wetland-dependent bird in fragmented bottomland forests. Biological Conservation, 2006,
127(1) : 37-45.

MaZ]J, Cai Y T, Li B, Chen J K. Managing wetland habitats for waterbirds: an international perspective. Wetlands, 2010, 30(1) . 15-27.
RORHE, R, FREE, R e S S A SO S IR R B DG B A, 2021, 41(2) : 479-489.

Wracte, 0E. i E VR S R R A= R R R AR RS, AERURAA2A . FARRMFR, 2023, 59(4) @ 629-638.

Hedh L, Hedenstrom A. Consequences of migratory distance, habitat distribution and season on the migratory process in a short distance migratory
shorebird population. Movement Ecology, 2023, 11(1) : 40.

Pagani-Nafiez E, Xu Y, Yan M X, He J K, Jiang Z F, Jiang H S. Trade-offs between economic development and biodiversity conservation on a
tropical island. Conservation Biology, 2022, 36(5) : e139121.

Wang N, Mao L F, Yang X T, Si X F, Wang Y P, Eiserhardt W L, Feng G. High plant species richness and stable climate lead to richer but
phylogenetically and functionally clustered avifaunas. Journal of Biogeography, 2020, 47(9) . 1945-1954.

Lee Y C, Wenig M O, Chan K L. Oceanic and atmospheric anomalies associated with extreme precipitation events in China 1983—2020. Air
Quality, Atmosphere & Health, 2023, 16(5) : 881-895.

Maleki S, Rahdari V, Baghdadi N. Humans in the upstream can exacerbate climate change impacts on water birds’ habitat in the downstream.
Scientific Reports, 2021, 11: 20203.

Patil S, Choudaj K. The importance of artificial wetlands in the conservation of wetland birds and the impact of land use attributes around the
wetlands: a study from the ajara conservation reserve, western ghats, India. zoodiversity, 2023, 57(1) . 41-50.

Yang Y M, Tian K, Hao J M, Pei S J, Yang Y X. Biodiversity and biodiversity conservation in Yunnan, China. Biodiversity & Conservation,
2004, 13(4) . 813-826.

Alsoufi M, Ge C R. Genetic diversity and evolution of Yunnan chicken breeds of China. Population Genetics. IntechOpen, 2022

Wang F, Yang Y B, Song G, Shi X J, Pu B, Yang L. Mangcuo lake in Hengduan Mountains: an important alpine breeding and stopover site along
central Asian flyway. Animals: an Open Access Journal from MDPI, 2023, 13(7): 1139.

Supriya K, Price T D, Moreau C S. Competition with insectivorous ants as a contributor to low songbird diversity at low elevations in the eastern

Himalaya. Ecology and Evolution, 2020, 10(10) : 4280-4290.

http ; //www.ecologica.cn



612 JAE = 45 4

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]
[76]

[77]

[78]

[79]
[80]

[81]

Su J Y. Research on Sichuan Tourism Economic Development based on Geographic Information Big Data. Highlights in Business, Fconomics and
Management, 2023, 3; 288-293.

W, BRLL, A, K30, T, B, TRARMOD R 525 2R A 5
136- 140.

PADO I B EL T G4 S 0. pu )i ARl B, 2017, 38(5) -

Liu X Y, Zhang Z X, Zhang J] M, Zhu B, Tian J X. Projection of the potential distribution of suitable habitats for Siberian crane ( Grus
leucogeranus) in the middle and lower reaches of the Yangize River Basin. Frontiers in Earth Science, 2023, 11. 1193677.

Li Y N, Deng Y, Cheung H N, Zhou W, Yang S, Zhang H N. Amplifying subtropical hydrological transition over China in early summer tied to
weakened mid-latitude synoptic disturbances. NPJ Climate and Atmospheric Science, 2022, 5; 40.

LiLY, Qi ZX, Xian S, Yao D. Agricultural land use change in Chongqing and the policy rationale behind it; a multiscale perspective. Land,
2021, 10(3) . 275.

Gao Q J, Wang L, Li Y, Wang Y F. Intra-seasonal features of winter extreme cold events in northeast-north China and synergistic effects of
circulation systems in mid-high latitude. Atmosphere, 2022, 13(9) . 1425.

Wang P C, Liu S M, Hu J H, Zhang J, Wang Z, Xu J L., Yao H'Y, Wang B, Chen D, Zhang Z W, Liu Y. Disentangling the relative roles of
geographical and ecological factors in driving genomic variations of a widely distributed bird across a longitudinal gradient. Journal of Avian Biology,
2022, 2022(7) : €02979.

P EE, ATEEA. OISR Rk S TR A WS, BFAE S W24, 1988, 9(6) @ 16-19.

BT, AL, G, B, SRS T AU R 2B BRI A 23 18] 70 Al A= Z5574IR, 2006, 26(12) : 4257-4266

de Gabriel Hernando M, Roa I, Fernandez-Gil J, Juan J, Fuertes B, Reguera B, Revilla E. Trends in weather conditions favor generalist over
specialist species in rear-edge alpine bird communities. Ecosphere, 2022, 13(4) . e3953.

Zhou G X, Chen Y N, Yao J Q. Variations in precipitation and temperature in Xinjiang ( Northwest China) and their connection to atmospheric
circulation. Frontiers in Environmental Science, 2023, 10; 1082713.

RAAL. SR FEBT IS A SR35 ™ —— B R L. Bl , 2019(2) « 31-36.

White A E. Geographical barriers and dispersal propensity interact to limit range expansions of Himalayan birds. The American Naturalist, 2016,
188(1): 99-112.

Gou X, Zhu Y, Sun X J, Hu C S, Zhang M M, Khattak R H, Su H J. Roosting-site selection by overwintering black-necked cranes in the Caohai
wetland, Guizhou Province, China: implications for conservation management. Zoological Studies, 2022, 61 €36.

Jia J, Fang Y, Li X H, Song K, Xie W D, Bu C L, Sun Y H. Temporal activity patterns of sympatric species in the temperate coniferous forests of
the eastern Qinghai-Tibet Plateau. Animals; an Open Access Journal from MDPI, 2023, 13(7) . 1129.

SRESK, REE. HNA S0 X5, Hilf B, 2020, 29(Z1) : 7-11.

Li DY, Liu H, Ma R. Evaluation on ecological sustainability in Gansu Province based on a three-dimensional ecological footprint model. Advances

in Transdisciplinary Engineering. 10S Press, 2022
TRIBUE, sRAZH), ZEEIE RS HIN A B i k. Wz, 2022, 41(2) : 153

http ; //www.ecologica.cn



2 4 FIERE /P M EEPN e/ R U E 2L S R SR WSS AU 613
MR 1 2015—2019 EHEAMEEEEXE BB HEE
Appendix 1 Number of orders, families, genera and species of birds in Chinese mainland (2015—2019)

4B Year Jest Kt R e Ly BT it L5 WL
2015 22 17 19 19 19 17 18 18 20
H 2016 20 17 20 19 18 19 18 19 20
Order 2017 21 18 20 18 21 14 19 20 21
2018 21 20 21 19 18 16 18 17 21
2019 21 21 21 21 20 18 19 20 21
2015 67 39 59 63 60 47 51 53 65
# 2016 64 45 57 65 53 44 55 58 66
Family 2017 66 45 61 69 61 36 56 57 70
2018 66 47 65 70 54 34 53 56 73
2019 71 57 66 73 57 52 57 64 75
2015 177 84 159 168 148 99 126 130 179
J& 2016 173 101 161 179 133 89 141 152 184
Genus 2017 186 100 177 189 148 61 139 162 186
2018 190 106 184 206 137 61 128 148 214
2019 197 130 188 207 132 114 153 179 214
2015 313 130 290 257 271 146 223 202 293
i 2016 313 175 316 289 231 123 260 261 301
Species 2017 348 169 346 318 244 80 265 274 320
2018 362 175 365 349 233 82 217 238 362
2019 378 228 371 347 215 171 281 314 387

A Year  AZEY AN AR /el Ul J77R I} 37} R
2015 20 20 17 18 16 20 18 17 14
H 2016 20 18 18 15 14 19 19 18 16
Order 2017 19 19 17 17 16 19 20 17 15
2018 21 19 20 18 18 21 18 18 18
2019 20 19 18 18 17 19 18 18 18
2015 53 66 51 44 59 65 59 59 45
& 2016 49 67 52 50 50 66 63 57 41
Family 2017 50 68 52 60 50 66 68 56 49
2018 54 66 56 60 53 72 64 62 55
2019 53 62 55 63 55 71 68 62 50
2015 149 176 109 86 162 184 170 122 89
& 2016 125 169 130 105 107 186 158 124 84
Genus 2017 140 181 125 152 108 194 175 135 116
2018 151 174 154 160 121 197 181 145 125
2019 164 169 153 171 123 205 202 156 129
2015 255 281 168 116 243 296 281 169 115
i 2016 198 273 189 158 155 323 247 173 112
Species 2017 244 311 191 266 147 331 267 189 188
2018 276 280 257 275 165 347 296 211 205
2019 288 285 245 301 169 368 344 241 220
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A5y Year syl IR Py [LiF (S| HM Hi e LY
2015 20 17 21 14 16 18 17 19 14
H 2016 19 17 21 17 17 17 18 20 16
Order 2017 19 17 21 15 18 18 20 21 16
2018 20 18 21 17 18 17 19 21 18
2019 20 18 21 16 18 18 19 21 18
2015 65 52 81 38 50 53 49 52 46
B 2016 67 54 86 40 49 54 51 53 39
Family 2017 69 48 86 40 58 57 56 57 47
2018 74 57 93 58 58 59 56 62 54
2019 71 63 91 50 64 65 58 63 58
2015 217 132 282 91 108 132 135 128 93
J& 2016 229 131 293 80 90 143 136 138 75
Genus 2017 230 115 302 91 132 157 156 146 96
2018 248 148 318 158 151 159 156 168 125
2019 256 171 321 125 160 192 162 176 145
2015 440 206 574 147 151 236 233 192 131
il 2016 472 202 630 122 131 257 246 227 102
Species 2017 469 174 667 164 216 270 288 255 135
2018 512 233 707 291 245 297 300 307 188
2019 523 292 714 212 266 367 313 320 221
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