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ABSTRACT

Aim: Rapid economic development and urban expansion have caused dramatic changes in land use in Guangdong-
Hong Kong-Macao Greater Bay Area (GHMGBA), resulting in the urgent need to study their effects on the distributions
and habitat connectivity of birds in this area.

Method: Based on 15 environmental variables, we used the maximum entropy (MaxEnt) model to predict the habitats
of 82 bird species in GHMGBA in 2000 and 2015, and then analyzed the changes in bird distribution patterns and
habitat connectivity under urbanization using an equivalent connected area index (ECA).

Results: From 2000 to 20135, areas of forest, water, and farmland decreased by 3.22%, 0.97%, and 23.19% respectively,
while grassland, buildings, and other area types (bare land and mudflat) increased by 33.95%, 80.34%, and 453.52%
respectively. The distributions of 30 forest or farmland dwelling species decreased, and the distributions of 52 common
urban species and waterbirds increased. The distributions of birds were closely related to the type of land use. In
addition, habitat connectivity showed a trend consistent with the distribution area. Analysis results of the four species
with the largest changes in distributions showed that: the distributions and habitat connectivity of Surniculus lugubris
and Yuhina castaniceps decreased with urbanization (i.e., changes in land use types, vegetation coverages, the distances
to water and disturbances etc.); whereas the distributions and habitat connectivity of Bubulcus ibis and Ardea cinerea
increased with urbanization. Furthermore, the increased area of habitat patches significantly improved the connectivity
of habitats.

Expectation: It is recommended to assess the changes of habitat quality as urban expansion occurs throughout
GHMGBA, and to use these assessment results to build ecological corridors and biodiversity protection networks for
birds to maintain the safety and stability of the regional ecosystem.

Key words: connectivity; MaxEnt model; bird distribution; habitat patch; land use change; the Guangdong-Hong
Kong-Macao Greater Bay Area
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Fig. 1 Climate factors in Guangdong-Hong Kong-Macao Greater Bay Area during 2015. a, Annual mean temperature, AMT; b,
Temperature seasonality, TS; ¢, Maximum temperature of the warmest month, MTWM; d, Minimum temperature of the coldest
month, MTCM; e, Temperature annual range, TAR; f, Annual precipitation, AP; g, Precipitation of the wettest month, PWM; h,
Precipitation of the driest month, PDM; i, Precipitation seasonality, PS; j, Elevation, ELEV; k, Slope, SLP.
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Fig. 2 Changes of urbanization environmental factors (land cover, enhanced vegetation index, EVI) in Guangdong-Hong

Kong-Macao Greater Bay Area from 2000 to 2015
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Fig. 3 Changes of urbanization environmental factors (distance to disturbance, distance to water) in Guangdong-Hong Kong-Macao

Greater Bay Area from 2000 to 2015
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Table 1 Matrix of the change of land use types in the Guangdong-Hong Kong-Macao Greater Bay Area between 2000 and 2015

20004F % - HuF FH 25 20154F % R F 2K AU A Areas of each land use type in 2015 (km?)

Land use types in 2000y, Bl SR 59k ks it A (L
Grassland  Farmland  Building Forest Bare land and mudflat Water Total Change proportion

FHh Grassland 41.78 3.48 10.34 10.54 0.60 2.09 68.82 33.95%

#HH Farmland 4.28 7,189.09  2,281.25 1,098.99 18.08 1,166.84 11,758.51  -23.19%

A Building  4.08 193.32 4,029.98 201.58 2.59 61.64 4,493.19 80.34%

MH Forest 38.37 1,159.69  982.76 30,786.88  235.41 25275 3345586  —3.22%

ML 5 ¥R Bare land 0.00 4.18 6.47 34.06 1.89 1.70 48.29 453.52%

and mudflat

JKAR Water 3.69 481.67 792.11 246.15 8.74 3,341.68  4,874.04 -0.97%

A1t Total 92.19 9,031.43  8,102.90 32,378.20  267.30 4,826.70  54,698.71
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(53.27%, M21.68 km’# B %3322 km®). J\ &
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120 WG S Hh B H A= 4y 1) EH 66 A3 14 /D 42 F1124,
AV IS TR 932> B A1) St s P % B FH S XURS 1 %
O S B 5 45 0l EH 14R0 1338 hn 27 #1118
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S P P A A I 1 T T AR BE AL AR A B 5

Sl T AR A T PR RS X P A T g
5K, ARES RGN AR RGN AES RS
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Eg Cisticola juncidis
WA Garrulax chinensis
Hirundo rustica
XY, Lonchura striata

i Lani hach
588 Turdus merula % 1 ?}?‘Ié]ﬂﬁfmﬁ;ﬁ
) loscopus fuscatus
R4 Passer montanus & ﬁ = }()Ju o lu?:) arius

8% Buteo buteo
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Fig. 4 Changes in the area of bird habitats in the process of urbanization of the Guangdong-Hong Kong-Macao Greater Bay Area
from 2000 to 2015

| el : 02550 100km ) 8 2 cadli 0 25 50
| S — | NN SO —

{ w r 100 km
— By/MES 4% The least cost path (LCP)  ByIES 42 The least cost path (LCP)
W 5 B853 45 X Surniculus lugubris® distribution (2000) I 585345 X Surniculus lugubris’® distribution (2015)

g A 02550 100km| 02550 100km
A Pyl P N
— B/NEZ 4% The least cost path (LCP) — BuIMES 4% The least cost path (LCP)
Il ZEH RS X Yuhina castaniceps’ distribution (2000) Il EE KBS 51X Yuhina castaniceps® distribution (2015)

[El5 2000-20154F BB RAEXMALHIE T (SR8, RERE)H S LBHR YT SPERE R/ FEREE TN
Fig. 5 Distribution changes of the core patches of bird habitat (Surniculus lugubris, Yuhina castaniceps) and the least cost path
among them under the process of urbanization in Guangdong-Hong Kong-Macao Greater Bay Area from 2000 to 2015
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Fig. 6 Changes in the core patch of bird habitat and the least cost path between the core patches under the process of urbanization

(Bubulcusibis, Ardea cinerea)
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Table 2 Changes of distribution area and the equivalent connected area index of the four representative bird species in
Guangdong-Hong Kong-Macao Greater Bay Area from 2000 to 2015.

WFh Species

AT AN Distribution area i EMUAIAR L ZEMGERETHAR The equivalent

SEXOERHIA SEROE AR

(km?) The change of connected area (ECA) (km?) K254k dECA ZBAkELiE
2000 2015 habitat area (dR) 5 2015 rECA
%% Ardea cinerea 21.68 33.22 0.53 1,140.81 2,150.92 0.89 1.66
4-15% Bubulcusibis 47.27 80.05 0.69 3,113.29 5,993.31 0.93 133
588 Qurniculus lugubris — 41.30 23.75 -0.43 3,506.69 2,152.00 -0.39 0.91
ZEH RS Yuhina castaniceps17.65 10.80 -0.39 1,396.05 916.29 -0.34 0.88
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Appendix 1  Statistical results of bird distribution model

L/ 2 M4 N I3 X THI Ak LA
Species Area under the curve Distribution area (km?) Change
(AUC) proportion
2000 2015

IR 3 Bambusicola thoracicus 0.91 46.58 29.75 -36.14%
aN:el Tachybaptus ruficollis 0.88 65.81 80.41 22.18%
BRITBE Streptopelia chinensis 0.87 81.31 88.74 9.14%
ANELETE Apus nipalensis 0.84 80.37 83.96 4.46%
1T TSRS Centropus sinensis 0.93 94.89 111.03 17.00%
/NFEEY Centropus bengalensis 0.89 98.35 91.75 —6.71%
AR S NE Clamator coromandus 0.92 51.87 33.86 -34.71%
Mg Eudynamys scolopaceus 0.87 75.54 86.47 14.47%
J\FEFLRY Cacomantis merulinus 0.78 100.48 90.94 -9.49%
en: ) Surniculus lugubris 0.96 41.30 23.75 —42.50%
i Y Hierococcyx varius 0.93 46.94 48.20 2.68%
1 Amaurornis phoenicurus 0.85 93.35 91.47 —-2.02%
BRI Gallinula chloropus 0.87 66.74 85.23 27.70%
WL Actitis hypoleucos 0.95 36.66 38.47 4.95%
HBEEE G Ixobrychus sinensis 0.92 147.00 177.34 20.64%
EES Ixobrychus cinnamomeus 0.87 74.57 78.24 4.92%
W Nycticorax nycticorax 0.94 46.76 69.65 48.95%
i Ardeola bacchus 0.90 101.28 111.05 9.64%
CRE Bubulcus ibis 0.92 47.27 80.05 69.33%
&% Ardea cinerea 0.95 21.68 33.22 53.27%
PNEE Ardea alba 0.95 38.07 45.54 19.63%
HE Egretta garzetta 0.93 54.20 68.24 25.91%
m Milvus migrans 0.88 55.93 66.47 18.84%
WiEE Buteo japonicus 0.90 46.06 45.63 —0.94%
iR Alcedo atthis 0.89 80.26 98.42 22.63%
B ) Ceryle rudis 0.93 26.56 38.00 43.08%
KIWEAR L Psilopogon virens 0.96 38.03 30.62 ~19.47%
IR Pericrocotus solaris 0.81 84.15 86.59 2.89%
TR Pericrocotus flammeus 0.92 156.40 175.59 12.27%
HER Dicrurus macrocercus 0.89 69.86 80.37 15.04%
kRH BT Lanius schach 0.84 95.29 97.40 2.22%
AN e Urocissa erythroryncha 0.80 95.80 93.14 —2.78%
IRAH Y Dendraocitta formosae 0.97 29.18 23.82 -18.37%
Kilig Parus cinereus 0.84 93.73 108.14 15.38%
KR R Cisticola juncidis 0.94 41.32 41.34 0.05%
I8 L Prinia flaviventris 0.90 156.40 175.59 12.27%
afi a1 Prinia inornata 0.81 87.98 96.35 9.52%
KR4 Orthotomus sutorius 0.82 97.52 110.97 13.79%

/I i FE RS Pnoepyga pusilla 0.95 42.02 44.30 5.43%
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L/ rane AN I3 X THIA Ak L
Species Area under the curve Distribution area (km?) Change
(AUC) proportion
2000 2015

K Hirundo rustica 0.86 75.16 75.54 0.51%
4 it Cecropis daurica 0.89 114.36 89.10 —22.09%
2 H S Pycnonotus jocosus 0.85 108.47 122.79 13.21%
Ak 88 Pycnonotus sinensis 0.81 86.49 103.44 19.61%
1 M T Pycnonotus aurigaster 0.85 87.72 96.92 10.49%
SRS Y Hemixos castanonotus 0.93 23.46 28.03 19.51%
ey L Hypsipetes leucocephalus 0.97 25.62 18.40 -28.18%
1 Phylloscopus fuscatus 0.84 82.92 84.99 2.50%
T AN Phylloscopus proregulus 0.89 49.28 60.98 23.74%
HENE Phylloscopus inornatus 0.95 22.97 22.73 -1.07%
FE U Phyllergates cucullatus 0.85 107.84 127.31 18.06%
S I 8 Horornis fortipes 0.92 66.34 79.04 19.13%
Ak KR ILE Aegithalos concinnus 0.84 74.28 81.27 9.41%
ZEH AR Yuhina castaniceps 0.90 17.65 10.80 -38.80%
s 4R IR 1Y Zosterops japonicus 0.86 84.43 98.01 16.09%
FRITEE W RS Pomatorhinus ruficollis 0.90 75.38 73.62 ~2.34%
AN Cyanoderma ruficeps 0.93 51.57 50.45 —2.17%
IKHE 2 RS Alcippe morrisonia 0.94 44.97 48.80 8.53%
IHi JEi Garrulax canorus 0.87 67.64 79.50 17.53%
LI Garrulax perspicillatus 0.87 82.52 75.82 -8.11%
TRATUE S Garrulax pectoralis 0.94 37.93 34.27 ~9.66%
Y LAY Garrulax chinensis 0.85 57.63 57.92 0.49%
P A i Garrulax sannio 0.83 84.82 55.67 -34.37%
J\EF Acridotheres cristatellus 0.88 78.99 75.67 -4.20%
22k Y Spodiopsar sericeus 0.91 79.18 73.65 —6.98%
AR Gracupica nigricollis 0.90 74.18 80.22 8.14%
555 Turdus mandarinus 0.92 53.13 52.90 -0.43%
W S Brachypteryx leucophris 0.95 51.98 51.46 -1.00%
Hi A Copsychus saularis 0.84 95.88 98.13 2.35%
B | RAW==A L Phoenicurus auroreus 0.89 81.00 76.12 —6.02%
i) Myophonus caeruleus 0.90 64.38 54.78 ~14.92%
e Enicurus leschenaulti 0.96 34.67 24.36 -29.73%
W A Saxicola maurus 0.89 72.39 64.94 -10.30%
2T AE Dicaeum ignipectus 0.97 25.33 28.06 10.77%
X BAKH Y Aethopyga christinae 0.86 80.80 91.15 12.80%
FESC Lonchura striata 0.83 84.79 86.22 1.68%
P Lonchura punctulata 0.86 93.05 102.20 9.83%
FRE Passer montanus 0.87 85.52 84.77 —0.88%
IRHG Motacilla cinerea 0.80 97.58 103.34 5.91%
HRS4Y Motacilla alba 0.85 90.48 100.36 10.91%

FH 25 Anthus richardi 0.95 27.92 27.09 -2.97%
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Yith rane AN I3 X TR Ak LA
Species Area under the curve Distribution area (km?) Change
(AUC) proportion
2000 2015
] Anthus hodgsoni 0.86 97.74 101.85 4.21%
Y] Emberiza spodocephala 0.84 57.20 37.63 -34.22%
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M2 RATOMSHREAEMEIMEET

Appendix 2 Environmental factors used in species distribution models

¥£45 A7 Environmental factors 45’5 Abbreviation FLA Unit

ARk AT FFEEE T Non urbanized environmental factors

PSR Annual mean temperature AMT C
SIRZAF{E Temperature seasonality TS C
% H fx < Maximum temperature of the warmest month MTWM C
A H KSR Minimum temperature of the coldest month MTCM C
[ILFEAE Temperature annual range TAR T
FEIPE/KE Annual precipitation AP mm
% H B#/KE Precipitation of the wettest month PWM mm
i T A B#/K& Precipitation of the driest month PDM mm
[% 7K E:Z= 45351k Precipitation seasonality PS mm
1R Elevation ELEV m
W Slope SLP °
R THALIFERE T Urbanized environmental factors
LR FAZEA Land cover LC -
WER A F6 20 Enhanced vegetation index EVI -
JKIFEE B Distance to water DW m

THLEEE Distance to disturbance DD m




FRIDL, A, §Eow, TR, BN, BR, REUE, W, SR, KIETE, R, SEE (2023) BRSNS XN 520

Hi B A2 A B I RS, A2 R, 31, 22161 https://www.biodiversity-science.net/CN/10.17520/biods.2022161
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Appendix 3 Changes in bird distribution areas under the background of urbanization
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