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Abstract: [Objectives] From July 2019 to November 2021, based on the data of bird community diversity
surveys conducted at Yangzhou Taizhou International Airport and its surrounding areas, this study analyzed
the species, function and phylogenetic diversity of bird communities in different habitats, to explore the
function and phylogenetic structure of bird communities and the correlation between each index. This study
investigated the construction process of the bird community in the human-disturbed airport environment and
provided a theoretical basis for the prevention and control of bird disease in the airport and its surrounding
areas. [Methods] The traditional point count method was used to investigate the bird community of 30
sampling sites in 4 habitats (Fig. 1). The statistical analysis included single-group #-test, with a total of 713
samples, which was the cumulative survey number of 30 samples in 2 years. A total of 2 224 individuals were
included in the sample, which was the cumulative sum of the number of species observed during the survey of
the sample sites. Traditional bird community diversity indices such as richness, abundance, Shannon-Wiener
index, Simpson diversity index, and Pielou evenness index were used to characterize the species diversity,
functional (FDis) and phylogenetic (Faith’ PD) diversity elucidates the differences in the diversity of bird
communities around the airport for each habitat type. Meanwhile, based on the mean pairwise functional
distance (MFD) and mean pairwise phylogenetic distance (MPD) weighted by abundance, the function and
phylogenetic structures of the community were characterized, and the community assembly mechanisms, as
well as correlations between various diversity indicators, were explored. The calculation and statistical
analysis of this study were completed in R 4.0.0. A total of 30 survey samples were designed in this study,
with a total of 713 survey samples and 2 224 observational data. [Results] Our results showed that (1) The
species accumulation curves of the four habitats were close to asymptotes, indicating that the survey data of
bird species were relatively complete and fully met the requirements of the analysis (Fig. 2). (2) A total of 88
bird species were recorded, belonging to 14 orders and 36 families, respectively. The largest number of orders
and families were Passeriformes and Scolopacidae (Fig. 3). (3) FDis was highest in farmland and lowest in
urban areas, and PD was highest in urban areas and lowest in wetlands (Fig. 4). (4) Standardized effect size
analysis showed that random processes affected the function and phylogenetic construction of wetland bird
communities, and the clustering of communities in the other three habitats was mainly affected by habitat
filtering (Fig. 5). [Conclusion] The analysis of bird community diversity and related indicators in this study
can grasp the relationship between habitat types and airport bird communities, and provide theoretical
guidance for airport managers.
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Tablel Traitsused to measure bird functional diversity and its phylogenetic signals at
Yangzhou Taizhou International Airport
I RERHE S Y T RERHIE el Blomberg K {H Pagel 2 18 Purvis D {
Trait type Traits Categories Blomberg’s K Pagel’s 1 Purvis’ D
{4 Body mass 0.08 <0.001 \
& Body length 1.19™ 0.89"" \
Rt "4 Bill length A 1437 098" \
Resource quantity 41K Wing length Continuous 1.10™* 0.90™** \
JK: Tail length 0.61™" 0.98™" \
K Tarsus length 0.93™" 0.96™" \
41 52 Omnivores \ \ -0.26
Feiﬁgég%l d A 1 9% Insectivores :B?ﬁi;i \ \ -0.25
2K Carnivores \ \ - 0.63
Zi 4= Parasitism \ \ - 113
M1 Ground \ \ -0.85
thhsj:ite 7K1 Water gBﬁ;}f};i \ \ - 1.70
56 Canopy \ \ -0.17
EE Wall \ \ - 0.62
M I Ground \ \ 1.00
W2 #FE 2m LA Understory — AR \ \ 0.91
Foraging stratum B A 52 Mid-high Binary \ \ 0.94
P& )7 Canopy \ \ 1.04

**k P <0.001

Blomberg’s K Fl Pagel’s 2 Fl T i B & L MERHE I 1S A5 598 Z, Purvis’ D FI TS —JCAHIERIIE RGSIRE. “\” RRGKME.

Blomberg’s K and Pagel’s 4 are only used to test the phylogenetic signal for continuous features, while Purvis’ D is used to test the

phylogenetic signal for binary features. “\” represents missing value.

751K Blomberg’s K (Blomberg et al.
2003) Fl Pagel’s A (Pagel 1994) #5546 1% &2 M4
TERHE RG-S 9E, H Purvis’ D (Fritz et al.
2010) K56 “JTRHERIIE RE T, K <1
MZRAPERIE R R EET5: & K> 1, MFE
B AR B BRI R 15 5. Pagel’s A {HM i
EO0EI 12, 2=0, RRMRERAEKERE
T =1, RRMREAGKEESH: 1 T0
M1z, RPRFKEE S5, Purvis’ D H
LR PR EAIR S (RIRG KBS T
B, 24 D R 0, Y I PERRAESEAL B AR fR 5
MD = 1RPHIRERFKEE FTEHEILRK
B 2N

K5 F R LL R 7 AR S D Re T IR 1

HERAOCHE, RS R R AL E B 999
W HHE B RRRER S AENE, )5 SEbrME
5 R E S EET .
16 ZHMEHEK

& A4 (Shannon-Wiener) % ¥4
FREL. A% (Simpson) Z FEHEFREEL LA K Pielou
BISI EERRECRAE BRI Z R 1B RZHF
PE: 5B BirdTree 2045 FE b FEE &R A
RILKIFTARAEAN R 5 000 BREET Hackett
HITE ZBEHLA, #IL Tree Annotator FAFA K
— M (consensus tree) (Bouckaert et al. 2014 );
K Faith’s PD (Faith 1992) ZiiH4f a4
> K. A TR B ( functional
dispersion, FDis) RIEDJREZ FEVETREL, %45
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B EEHIE DR IR 1) 2 B A A AE PR
(] o (1 55 K B BOREFE (Laliberté et al. 2010)
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Bl i SRR AR A ) R NG R, B
pliw | VR
FETHE R 999 > 2 LA~ 25 Box 7
RELIREFE RS (Dyr B Dyvp) AEIEFPE]E 2R
BRIIREEE RS (Dynr) HSPIE AR 22 5 S hr
MERIREEX L, T HEARAEL AR (standard
effect size, SES), M52 i HE 7% Th R A4
RAERERE . HAKXN Sesmep B Sesmrp 5L
Ops — M

ean(null) u
SD(null)

K TE R Z AN, N op N EIMALR
PR HE REE R (Dyp) BRI R E] 3 R PR
5 (Dynr) FISEBRILIME ;s mean o N 999
BENUEETE 22 B INBLI T35 o 1 R B3 (Dyp)
sl R A1 HE R R RS (Dyvnr) FPIIME S Sp
N 999 AN BEHLIE I 22 2 AL~ 35 ons o 22 R
= (Dyp) BRIEFHAIE REEE (Dywr) AR
2 o F bR A SN 2 B I T BENLE (Sgs <
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0), RIS IEIREE BV I RELD)RE 2R
£ 5 B EAG RSB 3 e T B LA (Ses > 0),
W) B M ) 5 4 BIR 5 35 7 1% AR BRI RE 1) R B

(Braghin et al. 2018). 47023 2 R if, A
BN ARSI AR R | RS R AT BRI K
[LER 5N
1.8 Gt

ARG T IIFE R 4.0.0 H5E

o AT 30 AN HARE S, RITIAERE
RETI3AS St 2 224 LR {8 H vegan
TP AL 1) specaccum BRECIEAT A 78 70 M 7
#T; indispecies F2/7 61 multipatt P& TR
FKABNE . X T L ARRIE, f8H phytools f2£
J7 6L phylosig BRACR T HAZ ) K AEAT 2 1A
XF —JuhFE, R caper #2/7£L1¥] phylo.d B&i
HokR1HHEAE] D . HERAEFIH vegan 127
1) diversity BRECR TS B Fh 2 B 1
picante 27 L] sespd BRECK 11515 2 PD 1H;
Gower JE B IJEE5BUE 73 @S FD #2576
i) gowdis F1 dbFD BR HUk it .
Indicspecies % J¥ £ 1) multipatt B % 1T &
IndVal. f§ H Pearson Z&EAHIR 1T a Z MK
R 2R DR 2 EEEANEE R 2 AEETR
IR R,

2 #3

21 GRHIHSRMRAER

AR FLILME) 225 88 F, KJET 14 H
36 Bt Hrp, ER R EAELIES F: D
T95Y (Centropus bengalensis)~ /MY (Numenius
minutus)~ 25 (Falco tinnunculus)~ S/
5% (Athene noctua) M4 (Alauda arvensis) o
HAEARAEYP B (IUCN) ZfEZk (near
threatened, NT) ¥ %25 3 F, 7373l & 8959 ( Coturnix
Japonica)~ KkZFENS (Vanellus vanellus) FIZR
WAHY (Saxicola stejnegeri) . YIFPIFR & M2k 7
TR, 4 MR F B Wi 4,
IR A (1) S SR AP A RO e R R s, A
SRS E T ESR (K 2D,
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MR FF, %I H (Passeriformes)
LR R, 21 BL49 Fh, SR
i1 55.68%; HUCHFEEH (Charadriiformes),
L3R 14 F, L EYRE 15.91%. FhEEEL
B2 AR (Passer montanus), SR G W%
B /DK IR N E S (Pica pica)~ )\ &} (Acridotheres
cristatellus )~ Z 7% (Columba livia) 55 (F 3).
WA R, 4 FASE & BRI,
A L MRHb . R RIIREE R A M B 4 R
10 .y 4 FhAT 13 Fio
22 LRV SEFEERRT T

EMRNI LR, F 7 F SR EM
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FRRBIFRAR RN, REARGHZ BA &R
ANMERIYIRN (3R 2). —ER R R E RN,

WAk R SR NP SRS (Turdus merula) F1E
SL¥Y (Pycnonotus sinensis) %5 1 53— L] &
i 8 AR HREA VIR, bR b ) B S EOR
(Picoides canicapillus)
2.3 ARRANHE L RN

TE 4 MAsgrh, SRR R 2 R
FESE R S, R AR SERAR, Sk E TR AR
B RME BRI . FERZ PRI
HHARAR AR AL AR, FEARH 5 R G,
RAG: HBHRASE, KH. @R
B, R (R 3).

5K R 1S R Re 2 FEVEAE AN R AR B A
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Fig. 3 Speciesrichness (a) and abundance (b) at Yangzhou Taizhou I nternational Airport
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s (B 4.
24 BHME
EIEA B3 RK B 55 DR REE
ITIHREZ REE BT (3R 1o ACH . PRI AN R
3 PR AR BRI T35 vt Ty RE R B XA A 25REAE
(tm =-10.54, P<0.05; tuu=-12.16, P<
0.05; ¢ 5w =- 7.44, P<0.05) F PR HE %
PR B PR AELL N, (£ e = - 6.82, P <0.05;
t i = - 10.90, P <0.05; f s = - 6.76, P < 0.05)
BRZ/NT 05 WEHLAEBER P35 o Thik i 2
FIAREAL RSB N T 0 (f o = - 1.07, P >
0.05), T35 X 2 2 5 PRI bm v A 35 B B K T

0 (fww=028, P>0.05) (& 5).

25 FARMESHT

TEMF ZFEE T T, HRBNZFEERES
WKL FEMEFREL (r=0.95, P<0.001). Pielou
ISR (r =038, P<0.001). iRLKE
P£ (r=0.77, P<0.001) MIWREDEE (r=0.68,
P<0.001) ¥EEFEIEMRG; SHIEFIHER
FEES (r=-0.44, P<0.001) M&irfnaTheg
FEES (r=-0.45, P<0.001) ¥ 5 8 3F 5%k,
RS RZ M, SRS
STHRERHEEEIEMER (r = 045, P<
0.001), 5 IEF I DIREFERS (r=- 041, P<
0.001) K fpiui% REE (r =-0.31,
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# 2 ET Indval KIBTF4HT
Table2 Indicator speciesanalysisbased on IndVal

4E3% Habitat Y)Ff Species IndVal {& IndVal MAZL Individuals (ind)

55 Turdus merula 0.43" 289

k48 Pycnonotus sinensis 0.40” 308

R IEYE® Eophona migratoria 035" 201

Wj()iﬁ%m d MBS Emberiza rustica 027" 179
IKE-4% Cyanopica cyanus 0.26" 126

GRS Garrulax perspicillatus 025" 37

SR Y Picoides canicapillus 0.17° 4

K Gallinula chloropus 081" 144

i /NSRS Tachybaptus ruficollis 0.59"" 65

Wetland

¥ Nycticorax nycticorax 0.32" 35

WREE Passer montanus 0.63™" 3375

Kt Columba livia 0.53™ 629

B # Pica pica 0.50" 492

=% Alauda arvensis 0.49™" 623

K¥EEAA55 Lanius schach 0.45™ 70

BRSUBEI Spilopelia chinensis 0.45™ 220

B J\E} Acridotheres cristatellus 041 266
Urban area FIES4 Motacilla alba 036" 57
FHE Upupa epops 0.35™ 45

M4 R Dicrurus macrocercus 0.25" 20

ZRI7 {8 Charadrius veredus 0.20" 24

%855 Coturnix japonica 0.20" 3

k- EVHE Gallinago stenura 0.63™" 18

214 Falco tinnunculus 0.53™ 3

* P<0.05, ** P<0.01, *** P<0.001

£ 3 BEBERBEYF L FEIEHR
Table3 Bird diversity between different habitats

et BAMEEL FE PR S WREEE FRBNEHEIRE SR HIERE Pielou X5 %L
Habitat Total individuals Mean value of Species Shannon-Wiener Simpson’s diversity Pielou’s evenness
(ind) individuals per plot (ind) richness index index index
4 Hl Farmland 6298 37.7 53 1.10 0.57 0.80
Hth Woodland 5289 39.8 57 1.14 0.57 0.78
¥ Wetland 897 12.8 41 0.69 0.38 0.82
54 Urban area 6 957 92.8 59 1.01 0.47 0.68

P <0.001) ¥WEEEFEAMK. EIIREL b4 FhIS A B R AT RE 2 R 1 4 )
T, DhEE B RS P Y o ThREEE AT b, R B85 B SRARL ) A O 1 R AIE
BEEZEFEMEEX (r=0.52, P<0.001). 4, (K 6).
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* RN SBENUEA 53 % % . * means that statistical test is significant.
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AL RFAE I B8 e Fh, DRI 30 T At )
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(Pellissier et al. 2012). %5 &R BEIE B4k
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HAEW T AL LK FE RS (Sol et al.
2014). BREE. KiY. 589, #5510% (Lanius
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ERLEb SO S B ) R (B R e o T AR 155 5 2R b
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(Goddard et al. 2010) . ¥ A4 55+ He il id& &
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YR 223 H], BON &M R0 R IR
o, ARHRECNIIE] (Mao et al. 2019), 2K
X (Gallinula chloropus)~ /NSRS (Tachybaptus
ruficollis) B¥ (Nycticorax nycticorax) iT7K
VG, AR, EEAEAIEASh R, M
FRFEY B LN R R oy, BT DAZ BKAE
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DiRe Z FEE R AL D RE HARTE 22 4523 (R H (1)
I3, B TR BRI RO AR s i
FERISZM (Maure et al. 2018). FEE T
BER AL e, ThRE 2 FEIER R % (Mouillot
et al. 2013), IRFEAIDIRE B BUK, WA
T IIB R IRAFL PR 1) 1 5 S 7 0T B U5 1 )
%% (Camacho-Cervantes et al. 2018). B
EESAERFEEWARE//EEE &= TN &7 SN
W RPEIE R E RS (Kowarik 2011). 4% H .
T M AR 3 b A 58 ST 1) 5 SRR VR Th e o) 1
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I (AR GRS A BAN BEIER R 7 4, B
RGAT I, Be N 2 DR RHE S 2RIt
Wi 23757 (Jiang et al. 2007).

T 2 A S T R R R R kA g B
5 5 VR A DN PR BT AR A I 77 A2 A FR 45 4
FOETERE I H K, W R 2R SRR I 251
S AEARFIER A H T E (He etal. 2018).
A FURIR, YR LJEDRARH . g
PR 3 PP AR BT P SRR (1)1 R A BE 2 AL
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et al. 20100, IRFHA SR B R ZHEE
18 4 A SR L, T D RE 43 L
FEM 2 eI fE, 3R B A 155 1 SR b B R
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Fi (Thuiller et al. 2015). A3 JE 1A TR TE
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hee/ ik R R B0 i 35 1 22 57, R HE 50
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S0, EANTRAEE T EE R AR AN S [
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T 2B ERE (Tuomisto et al.
2012, Heetal. 2021). 137 5 H 8 12 [X 45k 2%
TV R A M e AR SR A 1) 28 et — e FR A B
HINTSR 7R A AT

| B AP Z ARV 1S R A DIRE 2 A
PR TH] 9% 0 48 7 O AR 7S R G BRI 52
A EEMAESE X (Stegen et al. 2011). A
WSS RN, AP Z R (AR
AN Z IR EL R 2 A PEFR 2L X Pielou
B EEAREO S5 YREZ FEIE AR AR (DhRE B,
FDis) ¥R EEIEMAK. DftdEE 2 E
— ANHEVE R BT o5 A AR S AL A RN,
BT RIIRNER 2, DhREFFAE R 43 A0 T Bl St
]~ (Batisteli et al. 2018), FrLAYFH BT o5 45 1) 2
REAL LB R, FEVE AR S (Cosset et al.
2017). AWHFRIR, VT ZREIETRE (B
PIAFE R IR ED 5k R 2RI
(PD) Z [R5 83 EAG, (HAHK REAEAE
ZEr, APTAl e H TR ER . R
KA A S ZM ARG K EIE R (Morlon et al.
2011, Weideman et al. 2020). &A% 84N % FEvE
fRE. FERZFEEIRELL K Pielou ¥ 5 4
B BAFAE— 8 BRSO, (HEEAT 1 T 552
FEE R, PUKSE R —IBAR R NN, RiZR
EHEYRPIE ZFEERIFTA TabR (Mahmoudi
et al. 2016), ARIMPIFZ IR L T A
R AH (Renner et al. 2006). ¥k %
FEMEARECR S B LA E IR, B TR
PIALE, A5 AR BN 2 A EPEFREOR T 00 35 W Fh A
WA PR s R A ROBE BB 9E 3 5 BE AR AL
AT LLIE BRI 5] FEFE 2L (Stegen et al. 2011),

VBN B RO 4 PR AR Ok
H . . JRHORIRRHL) X SRR B 2
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