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ABSTRACT

Aims: Small wetlands are an important part of urban ecosystems and important shelters for wildlife. Bird diversity as an
indicator of urban small wetland ecosystems, its spatial and temporal patterns are affected by many environmental
factors. In this study, we studied urban small wetlands and their birds to identify the key environmental factors that
affect the spatial and temporal patterns of bird diversity in small wetlands. We then make suggestions on the
construction and management of urban small wetlands to promote the protection of urban birds and their habitat
restoration.

Methods: A total of 45 small wetlands in Hefei City were taken as research units, and we used the fixed radius method
to investigate the distribution of bird species and their abundance from August 2020 to July 2021. A number of
environmental factors were also measured, including wetland area, wetland shape, proportion of construction area,
proportion of vegetation area, environmental noise, man-made disturbance, and urbanization index. The spatial and
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temporal characteristics of bird diversity in urban small wetlands were studied by o and f diversity analyses. Then, the
model selection and model averaging based on information theory were used to determine the main environmental
factors affecting o diversity of bird communities, and the multiple regression model based on distance matrix were used
to determine the main environmental factors affecting f diversity of bird communities and their components.

Results: A total of 13 orders, 39 families, and 102 bird species were found in the surveyed wetlands, including 31
waterbird species. There were 2 species in the List of National Second-Class Key Protected Wild Animals, 17 species in
the List of Key Protected Wild Animals of Anhui Province, and 1 Vulnerable (VU) species on the [IUCN Red List of
Species. The results indicated that the o diversity and £ diversity of terrestrial birds and waterbirds in small wetlands
were both significantly affected by wetland area and urbanization index. The proportion of vegetation area had a
strong effect on terrestrial bird diversity, while the proportion of construction area had a significant effect on
waterbird diversity. Meanwhile, the species richness of waterbirds and terrestrial birds were both positively
correlated with wetland area. The species richness of waterbirds was negatively correlated with the urbanization
index, while the species richness of terrestrial birds increased initially and then decreased as urbanization increased.
The species richness of terrestrial birds peaked at the small wetlands between intermediate urbanization intensities
and low urbanization intensities. When the area of the wetland was about 4 ha, the wetlands could maintain more
waterbird species. In addition, terrestrial bird species richness was positively correlated with the proportion of
vegetation area, while waterbird species richness was negatively correlated with the proportion of construction area.
Beta diversity and species nestedness increased with the increase of key environmental factors, while species
turnover exhibited an opposite trend. Furthermore, the results of total § diversity and its compositions indicated that
the turnover component of species was predominant, signifying that small wetlands have important conservation
significance as a meta-ecosystem.

Conclusion: Our study indicates that wetland area, urbanization index, the proportion of construction area, and the
proportion of vegetation area were the key environmental factors affecting bird diversity in small wetlands. On the
premise of protecting all small wetlands, we suggest that small wetlands with large areas should be retained and
constructed. We must pay more attention to protect small wetlands with intermediate and low urbanization intensities.
In addition, the area of natural vegetation should be retained and increased during the management and construction of
small wetlands, and the number of artificial structures should be reduced.

Key words: beta diversity; alpha diversity; small wetland; bird communities; environmental factors; Hefei City

I o I T P e R R, A BRI o B
N, EZ BB 2 Bl(Kale et al, 2018; 5
8, 2021)0 /DR DL TR /N 308 22 RO
B PEE T R A S R S, R E S
A A R G0 E B G A (Y IR R T ks, 1984
Murillo-Pacheco et al, 2018; #XFELE, 2018; £ NN4H
8, 2021)0 /NMUEHBZEIR T T2 A0, I A
VIRHEFEE MY R AAE I B AT 2 1)
(Jasmani et al, 2017). SR711, CAMEIRTTEHAEY) 2 FE
PEFIAEZS RGBT 78 2 2R R 7E K AL @ Hh F
(Strohbach et al, 2013). BEAE 4 746 & FEBERE (R IR,
V) Z R BB H ™, Mg AR %
FEMERIORY H 25 52 2 F A (Blackwell et al, 2011).

B RN N AN 2 R ) B A 53, R
A RGO B B4R RVER (MoK RS,
2002; #RI, 2014). IR HZ I S5 E
TN, /N EIR L S R VE T A T R IR
W, IXSETEVE R R T I T IR S 2R B A VR (4

ONEHAE, 2021). [FI, SATIRHl & 2K 2 Rk 2 2
MR A5 ME, E AN R 0 R 58 B AS (] i
ZEHF{E(Yang et al, 2020; Rico-Silva et al, 2021). K&
WY, {2 & Wi F L) S B R
PRI 2, THARECOR e b AT LA 94 56 2 1) 5 2K W Fo,
[ S 40 Al 140 3 % 0 A 2K 246 6 52 1 b BRE B PR R B
T B E] 11 5 28 52 f2 3 (Zhou & Chu, 2012;
Chang & Lee, 2016; Dale, 2018; Meixler et al, 2019;
Rico-Silva et al, 2021). 3T #ERE T 3] I 7 50
BIE I EY I MTMTA: RN DN a7 W NSRS
Wk B 3 T AR B S B35 R U 9% (Chace
& Walsh, 2006). R —LLRF LM, WM SR HE
PEAEAS R B9 T A B2 DAA [R] i e 2k, T 3%
Wb = A i FE R T A b IX i s v A 38 0
(Marzluff, 2005; Batary et al, 2018). {53 Py 2 5 R
ELA] )1 i (s APt A B SR AR SR, Xt 15 SR
FEAE AR H R (Leveau & Leveau, 2016). FEARE 2410
R T RIS RN RS E IR %, SR

20224 |30 | 7HA | 21445 2T



TEEAANLE: B IETH/IMUIRH S 2 2 FEVE R I 2% JR) S i R 3R

B 98/ (Yang et al, 2020). BbAk, SATAEHLAI0 M
F 8 B AE AR KRR FE B B T W B G B ()
(LaSorte et al, 2014). SR A3 TR HIAH L,
e FEE I T A A4 T 1 e 5 SRR VR 2H R P 2R AR
/M (Leveau et al, 2015; Leveau & Leveau, 2016).

HAT, SRR EEE T Ea
FEMERpZ BEE AN U I (Anderson et al, 2011;
Nielsen et al, 2014). a2 FEME R 7R H AN 8 X S H
IR E FE, B2 W ZR 7R A [RI B 53 86 2 B
B Jm MR AR . T aZ FEVEMIBZ
PR3 BE B 1 [R]— X33 DL S AN (8] DX 38 1) 4 0 2
22 5, DRI S FH A 22 e 3 6] 40 A RE 6 £E AN [
Y 1T O R BOER SR R S 2 2 R
TR SR B AR T A (MR 224, 2009; & 3345,
2013). [E]I, B2 I A4 53 J i AR = W S 450
(Baselga, 2010). W) J& % e 7~ A [R) B 7 1] (1) P A 5
e, Yodpie ko FEOEE Y M S B4 2 R
M4 FE L2 RIRERE P E R AP
G, A B Yde 0B R 2 A B 2 R
BRI, MMM R B R (0 21855, 2017).
D Fb JE B R ik A o AR S (A 4R B b s i T A [ ATG
S PR 5T B R R S S R I B A AR AR,
DR N R A T 1 5 2 2 AR A AL R AL T
— NS, IR T AR 2 A R BRI TR
Wk .

AR SC UL A BT /N ORI 5 AR S i FRT
R, /N ER LT AR L SRR . S A L
GERGATIE AL /N2 S 152 NN B o7 B AT RS =
SR T NRH & Ra 2 EE . BRI
206 JA e A B Ay R AR B, B TR U 2 e
AN B 5 28 22 R R I S TR IR O B BR B TR T,
Tt AR a3k T 55 SR PR3 B A B VL ) /N RO
A VAN B AR

AT AL T 2 B, KL e 2 )
(116°41'-117°58' E, 30°57'-32°32' N), Hi#-FH, J&
7 #ry Z HE HRE S%, EBRBE K B IECR, 4
KR /K &L 1,000 mm, FEEHREEEY, XBEHK

O %HFE= (2017) HAETH LR IEAZ AN, it
RE e, el R, A AE.

ROk, BB P E TR BOKE 2 —, FRE
/0N T NITREI NS SR TR 2 STIR IR RV
e B RKEESKPEY . 2% MIEHRZ LS &K
PET R T A ELEE K RN, 3L AY
W F S MR EE AR Z, 0T
BRI REFA T

2.1 SRS

FI F Google Earth i i /I o 8 b (1) 75 75 47 B,
[ R 368 3o SI b 8 25 5 OR /) TR0 1 R 4% 2138 I 4T
LI o 28 /N HOAE A 1 S 0 32 B4R (1) &/
g AR RO MEE R B R E R, QKR
A 5> 79/M0-2 ha)s H1(2-5 ha)s K(5-8 ha) 34>
BREE, BEAMER LI AR AN EUNMUE L (3)/ MR
MR FE TR S S R T A B B 2 =
ARG o SR 0, AW T SR BT A BT 454N/
T ARy AR FE X I8 1), TR /N s i
FRAETIE 70 X 38 A SE 35 B 210 A AT 15 38 I 0
BRI 7 X 4R R T A R T K 2 20N R0
WAL
22 LXPE

20204F-8 H 2202147 H, EFEIE LA KA,
KARESEITF R . /N R B R
50 mfFE A, RFIAR /N TR R AR T L AR /N ki
AT R R R, XTI AROR TR s AR TS A /)
T b, DUV AR 8 /NGO T AR S R T AR 2 L,
SE B RAE RN, TR R RU7E 5 1V R B A I &
TR (1) 2 2R 2 RE MR . AHIE T3 % B 210N FF
M, NPT E s, A R A B R E N R
/100 mo A Bl XUfE B 5% (Swarovski, 8.5 x 42,
Austria), FUINFNICSFAEAFE S0E WL SR M ., %
&, A R AR SR B SRR, AR
SRR 1) 910 mine 2T A] g 5 2R B
(B4 £Z27:00-10:00, ¥ Z5:00-9:00; F4-:
KZ&15:002 H%, E&16:30E8H%), BH1K. N
PR R R R 2, R E N e .
SRR AR A R AL, MR A A (TR o
fH, 1999; B3, 2017).

@XM (2018) HET A A PRV At 45 T 0 X 2 o ey e
B2, BB, ME.

20224F |30%: |73 | 21445 | 37T



TEEAANLE: B IETH/IMUIRH S 2 2 FEVE R I 2% JR) S i R 3R

118°0'E

117°0'E 117°30'E

z -
Br g
KEE T
hangfeng County \
Z
a LA
TN A
ST B

Feixi County

z W]
o Chaohu Lake

JATLR K

Lujiang County
S

Z El %
> L 7K 3% Water area
T o NS 0510 20 30 40km
« Survey site of small wetland "~ ——
Bl ZHEESEHNUEARXEA SRS HE

Fig. 1 Distribution of study area and survey sites in Hefei
City, Anhui Province
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Fig. 2 Seasonal variation of bird diversity in small wetlands in Hefei City
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F1 ETREMFHESENAIC)M S EKaZ HE SIME R FAERE IR

Table 1 Results of model selection relating bird o diversity to environmental factors using corrected Akaike information criterion
(AICc)
AR DRMEIEH (it AAICe  HE EE A E
Ecological Diversity Model Weight Adjusted R?
type index (W)
K LIRSt AR + IR + BRI + PRI 0 0.2424 0.6450
Waterbird ~ Species richness  Wetland area + Urbanization index + PoC + EN
VRHOTEAY + Wi thFed + Mbng 0.1706  0.2226 0.6030
Wetland area + Urbanization index + EN
MR + e + B + MR + MR 1.9774  0.0902 0.6420
tesl
Wetland area + Urbanization index + PoC + EN + PoV
Shannon-Wienef& {BHIIIAN + Wb I8% + B ITHAR LB 0 0.1560 0.4020
4 Shannon- Wetland area + Urbanization index + PoC
Wiener index VEHLEAY + SnTi e 0.2946  0.1346 0.4070
Wetland area + Urbanization index
MR + e + B LE] + BRIk 1.6621  0.0679 0.4010
Wetland area + Urbanization index + PoC + Wetland shape
W iE s + dHmAR LB 1.9055  0.0602 0.3560
Urbanization index + PoC
M 528 WFf=E BE MHTAR + AR + AR LA 0 0.4607 0.7230
Terrestrial ~ Species richness Wetland area + Urbanization index + PoV
b Shannon-Wiener GHEA + ki fbi5%k 0 0.1834 02720
F#( Shannon- Wetland area + Urbanization index
Wienerindex  q i + STLIR + HBTTRILE] GEsc  alen - e
Wetland area + Urbanization index + PoV
Pofha SEHBTTRY + SR + BESUTR L  + BO RG] + FRBE O 0.0858 04970
Species density g + WEHITRIR
Wetland area + Urbanization index + PoC + PoV + EN + Wetland shape
AR + @HmALLE] + MRS + WK 0.1216  0.0807 0.4550

Wetland area + PoC + PoV + Wetland shape

R T AAICe < 2[R, Pov: HHLIHARLLS]; PoC: BHIMARLLE], EN: IABEME S .

The table shows models with AAICc < 2. PoV, Proportion of vegetation area; PoC, Proportion of construction area; EN, Environmental noise.
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R2 FUMNOEM B Ka M 95% B FEXEAE SRR B FILEEG). FREIRSE)FMREINE (W)
Table 2 Model-averaged parameter estimates (6), standard errors (SE) and relative variable importance (w;) for each variable in the
95% confidence set for predicting bird o diversity in small wetlands

AEARA ZREEFREL 28 irS e AE Al THE Frifh iz P
Ecological type Diversity index Environmental factors Weight (w;)  Estimate SE
K it EE B AN Wetland area 0.9970 0.6582 0.1843 <0.001
Water bird Species richness Witk 3E % Urbanization index 1.0000 -0.0256 0.0079 0.001
AHUMAR LS Proportion of vegetation  1.0000 ~8.8486 4.8863 0.0702
Shannon-Wienerf8%( IR i ft.154( Urbanization 0.9990 —0.0033 0.0015 0.0240
Shannon-Wiener index
B 4.5 2% BN WBHITET A Wetland area 1.0000 1.8941 02211 <0.001
Terrestrial bird Species richness WTi4k45%0 Urbanization index 0.9590 _0.0360 0.0084 <0.001
T AR L Proportion of vegetation  0.6590 15.5060 4.1302 <0.001
Shannon-Wienerfg %  JEHLIMA! Wetland area 0.9770 0.0557 0.0181 0.0021
Shannon-Wiener index
Y {EHTE A Wetland area 1.0000 ~72.7007 17.0724 <0.001

Species density

PfiHh 228 Terrestrial bird R> = 0.508 [i#h55,2K Terrestrial bird R2=0.174
w 30| 7K Waterbird R2 = 0.272 w 30 L 7K 2 Waterbird B2 = 0.367
8 8
3 3
= =
8 20 820+
B 8
a &
W 7]
i i
ja?m 10 - ﬁ 10
Hr Hr
& &
R ]
of ol
0 2 4 6 8 100 150 200 250 300
TR HLTA X Wetland area IR AL %L Urbanization index
. 40 F
8 B 15,3 Terrestrial bird R = 0.045 2 8.5 Torrestral bird
% 7K 1 Waterbird E 15 - K, Waterbird B> = 0.440
= g
17 L =
£ 30 S0l
& 2
i )
W 20 - B ST
4 A
& H
] & 0r
10 + ]
0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4
FEHOm AL L ] Proportion of vegetation FESUE R E 4 Proportion of construction

E3 MFFEEESXBIMEETFOIEEMERT. REKERAMEENERFXE.
Fig. 3 Non-linear regression between species richness and key environmental factors. The gray area stands for the confidential
intervals for the fitted lines.

WS # RGN TS R R YA E 3), KNI S SRR R SR T AR 2 1
B EIRBGEAT R I DA, AT ORI Xt MR, HIAE4 haZi AR, KSR R
NI SRR R S R BN NIERE BN R . KSR S T A T Ak
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®3 ETHREEMNESEMENSERNEENORFZSHMRES SXRTMEERTFHXR

Table 3 Relationship between beta diversity and key environmental factors using multiple regression model

AR BT EZERE = i HHR Z AL P
Ecological type Environmental factors Diversity index Slope Intercept Correlation index
(@) () )
K T A 2 5 Bror 0.0130 0.5240 0.1386 0.0029
Waterbird Difference in wetland area Bum 00132 0.2748 0.1044 0.0278
Pone 0.0261 0.2492 0.2100 <0.001
WS R Boor 0.0008 0.4972 0.2392 <0.001
Difference in urbanization index Boe 0.0013 02211 0.2897 <0.001
AR L) 22 57 Poor 0.5555 0.4803 0.3239 <0.001
Difference in PoC Pone 0.8189 0.2050 0.3590 <0.001
GiEES T A 22 5 Bror 0.0093 0.3429 0.2032 <0.001
Terrestrial bird Difference in wetland area Bum 0.0143 0.2729 0.2581 <0.001
[Pz 0.0235 0.0700 0.4303 <0.001
Wi R Bior 0.0002 0.3521 0.1349 0.0210
Difference in urbanization Bone 0.0003 0.1156 0.1439 0.0068
AR Lot 22 57 Bone 0.1586 0.1150 0.1584 0.0119

Difference in PoC

Buor: BEFEVE; Boin: DRI L, Bone: YIFNHREE; PoC: EEFTIAREL o

Piors B diversity; fon, Species turnover; S, Species nestedness; PoC, Proportion of construction.

UMD, T b b S R o R AR T Ak R
3 2P BTG NI, T8 IR
B BE IR TT A 2 18] ) /NI bk B B B . R4k, Bk
Hb 5 2R Rh = P S R R TR LG R ARG, 1K
S E S @A L] 2 U

34 PEHMSESSLERESHERFHXER

% B AR EOT H A RN, N 5 2%
BEVE BB Z FEME (Bsor) M0.960, 2% 8] J& i 4153 (Bsin)
790.950, R EH 7 (Bswe) 790.010, IS i, < 0.5,
TR/ b 1 B IE 1) 22 B 2 EE ) B s )
JEHEPE -

B S 5 O I A O ) 22 [ ) A Y
SEREIR(ERS), WRHLTHR 22 5 IR e RE A
AL T R L A9 22 2 B T /NI b, S SR VR B A
YR HA D EEARER T Hp, KEpEHEE
(Boor) G 1R MO TR 22 57« 38 THT A i 22 S R A SR T A
PO 22 S5 45 5 2 3 TEAH K, W R 5 (Byin) -5 2 HELTHT
RAZE S AR, YIFHRE (Boe) 5 1R T A 2 7 A
Wl IE R E S R IEM . B S AL RENE (B
B A 22 5 AR A s b B R IEAR R,
VIR JE 5 (Bi) 5 VR HOLTHT AR 22 5 S22 128 SRRE O, 0
B (Bone) 5 W0 M THI R 22 IR T AL F 2 22 57 22 1F
K

4.1 MR B REEE RTINS T LAFE

B LTI /N 2 ST v 2T 22 e AR A
KSR S R M T R EIEE A TR,
X2 BT A R T AL T 2R -8 KR A% S PR B v
4 b, AREX e ST [, 228K
R R B, VeMEEANG R, NSRRI THZHEY
eI NTIESEY ES= IR L 7/V U S VAL PN
$EE(Zhou et al, 2020). BEAb, T 4Z4G 555 b
B RN IR AR S (Sturnus  cineraceus)~ 223647 5 (S.
sericeus) 5 N AEHF, K tbFfi Hb & 25 4 2= Shannon-
Wiener 55O 5 ) FE Fig B Al Z= 1 W] 2w A 11
A ZK SRR L2 H oA s), RIS ERHE
IR E 2= S SRRl == RN B R
Ab TR . XAy B A SECE R N, [FN 2
/N I N AR G R B R, T L AN R SRR
Fili 5 SR HR A = 5 1 B ) BE VR N BB 7 T (Alonso
et al, 2009). ZRTM, LLAAES N FHIK GRS 5%
AL, BUE ZK SR RO Al 2= B
TRfiGo HEAb, /NGt P A7 £ B0 BRI A RS
(Chlidonias hybrida) ¥ (4Ardeola bacchus). 27K
X(Gallinula chloropus)% %25, 15 2 /K % &
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IR T A2, BEEKEE ST S, MU A
5 KRB A AL B AE R AR RIR T . B
Foiean, Bt & 283 5 FERR EAE B K = B 2 v T
K HE W, MK S35 FEFR BRI N E K=
BT AEWZE. X2 HTHEKE LMD,
() ot M 55 AR A 2 AR I SRR, PRI ) FE
e . MK S IR NSRS (Tachybaptus
ruficollis) % F8 % 1E H A 7K & 2505 B 5 PR AIC ) 175 O
IR CRFFBOR S, 1525 5] B4R EO] B AW A .
42 MR SR SN E =
421 EMERBE

JAE AT T R /N T AR AR )N, (H R HE
THIARATY 2 oM 55 28 22 AR VR I B IR BE R 1, /Ml
T il 2 SRR S 3 BT S . AR R
N SR EE BB /NG b TR G KT RS K, X
HRIAR“WFh-TH K K> (species—area relationship)
it A — B (Boecklen & Gotelli, 1984). 7EIH TR
T, NG IR AR AR AR U B R TEAEOR,
T AR R R /NG 1 mT DA 5 R 4R L B 2 () A 5
MR B R, M S — AN+ AR E
H1#E A ## 7% (Froneman et al, 2001; Yang et al, 2020).
AT S 7 30 T A A AR R v, N 78 40 ) P i il
TREA K, B 8 S T FH 25 TR A BOR T AR (1) /N o /)N
T Py T AR X6 T it b 0 7K 5 2 o 22 5 42 1) B
A A, BEARBEE DNR AR B 3, Y=
W ES 2 I S, (H I AERIE4 halt, K
(P == FE IR LB N 218, I E IR T K S
PRI B /NI, R S A ALY K F4 hald
Fo AR, NRIEENIY TR S BUE B S i
BT REAL, TE R T A% 2 WG 5 5 05 44 1Y) /N TG
o 5 23 AT S R b B B P R £ T AR/
FR) /N b H T SV 2R, T AE TRIAR SR ) /N e 3
AT OREE T IR LR A . DRI PR b T AR 2 R
KIN, /NERR a2 73K, p2 TR Et b
NN e AHIE T 3 [ 5K G m A AR AP ) A AN e
L /NSRS, 20BN SE, AR TARBOR I /MR
Hiurb I, T E TR /N R /N i b 20 ) 55 28
Wy Fh a0 [ Sk ¥ (Pycnonotus  sinensis) « = 9 (Pica
pica)~ 5 (Turdus merula)%57E THFRE K /N
b A L. Rk, TARBUIN N H R4
T 2H s 2 IO T AR BBOR IR /N A A 2, A

M HRER R /MR AR 2 7 BN, &
/INTRRIE M P A [R] 0 A SR C L T DA 51 AN [ R R Y
B RBETE, AR5 A AR T /N AR 5 R
AT, DR b 2 8] i A 2H A Bl 2 HE K
422 AU

FEAN A BT A K b, 3T A FR Es R /s
TR R == FE R, A EUI T AR B
R HIR 5] 7S 2 K SR AR, L DU ES SR AN
JEMS 209 o XS B T4 T A g 0 e 1 /s 1
AR 2P R, i EaEdREE = S35
R A DT S 40 T A 5 1) 55 2R I T g T 2K,
PRI I T B 17 ARG T A i /)N 00 1 e s 3 i AL 4R
NI LI YRR B o [R AP oRE S R T o 3k i
AR HCE O RT3 =, NS EL T B2 AEIER
A, E/EERR, b RN
U T KRR B, (H Rl S 2
B T A NG ,  ELAE X8 AT A K R B
WERS . B Ti(Fulica atra). 5% (Ardea cinerea)
IKEAEAE o IX AT RE A H T30 DX R = A2 0% B A S5 3,
KB AR T3 G o3 A, (B A3 /Nl 5 2
Yk =E ' FEHE G (Pal et al, 2019), Rtk fREEIH T
AHE FE 1R /N o0 1t Xof 3k 77 55 28 B B A AR S AN
fHo BUAb, SRR B MR 2R
B IR, B Dy 30T i 2 1 2 A S R
ZIR S (Schitz & Schulze, 2015), {H753% 1 fb 353k
e PR 7N G P Pt 1t 5 28 3= FE AT T S A K
o DRI I TT AFi HC  FR/ E H [R R B A
RS 2 S
423 HEHERLEHSENERE GRS

A8 T AR B s R /NG e TR S 2
(RPR b AR AR, HoF I 3 B A5 1 O F
KRME T H 2R RE# S\, Bl TR A
(Parus major)~ HEMEIHE(P. venustulus) 2GS
#(Eophona migratoria) 5 EWN I KB/ £ TE H
5. KM A E 2R EY AR, $Em
TR AR R BT, AT AN R B 2 TR A
B R(Zhou & Chu, 2012; BXFHHKEEE, 2021),
Dl b 5 RERAL T SN 2 R O E S E] . B4k, UK
A MR 2 /N R AR 51 B 2 1)K 5y, f§45
G AR N2 half) /Mt 347 TH A7 AE R B g
FEIKAG . NSRS AR K o /NG P A AR T L A
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FR Tk A 1 IR AR ) A A 5 3504 8 0 55 2R 40 i xd
DAFEIE o RIS FAG 652 o P 2 S0 T AR B A8 1 /)N At
Wk T HENFRE, BeRBRESRITHE. K
5T E U AR 2 (1 /N0 b B8 9 UK, 78 X 7
X 3 AT 4 4 U 2 R BN 8 4 s AR TR R B A1 96 v
PIAL A7 fE 1 F K 5, HF )\ F (Acridotheres
cristatellus)~ B85 K EBEE A4 A 1 5 R T i ) T
S ST A B 451 B v ) /A

EUIEE S NS TR AR RS AR R =R S AN
Dl 1t Bl b 1 S AT S 1) 02 1R B 22 4 1k B 4.
S YA AR, i S I R AR R T
A2 TRV /N b PR B f e B AR A A B A
Xt Bl 4t S 28 2 FE A B B R B2, ST AN B A1
XK ZAEMERAT BB . R, RS B
AT F O B SR T P AR /MR, 5
R T 7 S PR (/N G s, RS B L T AR R
4 habl ko [ EE RO SRAN R4 7 A B2 (/)i
Mo B, B USRS AR T A TR M
ORI R . BRAh, /Nt B B
Hh L O B AT NP P R SR AR T AR, [RIE ek/D
Moy N T, AT AN [RI TR /I S a2y mT A
WA B SRR B, AW &M
i 1) S SRV B AL S E B R R e Bl S L
DR 625/ it 24 B AT VR AR (R DR, X 2%/
PRI SRR AR LR
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Appendix 1  Environmental parameters of small wetlands in Hefei City

TSI RE HE TR WS @Sy A AR L) BHERIES I NATH
Wetland code ~ Wetland area  Urbanization ~ Proportion of Proportion of Wetland shape ~ Environmental ~ Man-made

(ha) index vegetation area construction area noise (dB) disturbance

1 1.650 265.060 0.473 0.290 3.937 55.510 5
2 1.450 274.650 0.218 0.350 1.960 52.230 4
3 0.620 321.130 0.326 0.342 1.902 65.200 4
4 0.690 214.020 0.220 0.293 1.575 61.610 2
5 1.250 202.230 0.178 0.246 2.231 58.120 5
6 0.830 166.720 0.000 0.736 1.517 49.280 3
7 1.170 195.320 0.354 0.189 1.532 61.100 3
8 0.290 229.530 0.329 0.336 1.215 53.400 3
9 0.280 285.70 0.402 0.220 1.292 57.990 2
10 1.120 219.090 0.099 0.387 1.399 64.890 1
11 0.710 117.540 0.187 0.335 1.376 53.600 2
12 1.570 106.190 0.001 0.057 1.297 48.910 2
13 1.680 82.830 0.191 0.387 1.373 73.710 1
14 1.720 158.450 0.133 0.256 1.196 71.730 2
15 2.000 110.550 0.243 0.192 1.334 60.430 2
16 2.290 320.280 0.232 0.267 1.605 62.610 5
17 2.160 263.210 0.182 0.340 2.128 52.670 5
18 4.540 280.600 0.090 0.247 3.298 51.170 5
19 3.810 227.420 0.010 0.327 1.280 61.050 4
20 2.660 199.460 0.004 0.140 1.635 59.920 3
21 4.820 193.580 0.034 0.166 1.426 55.180 3
22 3.800 224.580 0.147 0.092 1.565 59.790 3
23 3.760 170.120 0.034 0.417 1.607 68.140 2
24 4.730 159.460 0.000 0.429 1.222 42.490 2
25 4.350 174.780 0.064 0.276 1.339 54.130 2
26 4.290 116.890 0.118 0.210 1.741 48.770 1
27 4.460 142.350 0.002 0.066 1.358 54.630 2
28 3.660 120.330 0.011 0.090 1.262 47.870 2
29 3.260 136.970 0.188 0.275 1.195 59.310 2
30 4.280 119.690 0.113 0.144 1.524 41.340 2
31 7.170 288.420 0.369 0.209 1.367 53.630 5
32 7.940 275.090 0.299 0.137 1.590 50.120 4
33 6.040 294.480 0.237 0.372 1.916 57.280 4
34 6.550 201.460 0.051 0.154 1.330 61.630 2
35 6.080 318.660 0.347 0.403 3.656 58.880 5
36 7.320 287.220 0.155 0.074 1.898 59.370 3
37 7.410 208.120 0.094 0.403 1.637 57.700 3
38 8.000 199.530 0.187 0.285 2.088 50.060 3
39 5.430 172.380 0.023 0.488 1.543 52.460 2
40 5.610 166.150 0.008 0.317 1.805 47.690 1
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Wetland code ~ Wetland area ~ Urbanization ~ Proportion of Proportion of Wetland shape ~ Environmental =~ Man-made
(ha) index vegetation area construction area noise (dB) disturbance

41 7.650 99.430 0.026 0.317 1.578 51.730 2

42 7.630 97.400 0.001 0.333 1.204 38.580 2

43 6.550 150.620 0.019 0.215 1.554 35.320 1

44 7.090 148.830 0.167 0.255 1.335 65.250 2

45 7.240 123.480 0.002 0.086 1.294 43.030 2
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Mk 2 IEETFH Pearson HHXM () HLER

Appendix 2 Pearson correlations coefficients () among seven environmental factors

S WA R SIE B WAL R B AT
Wetland area Urbanization 1§l 11 Wetland shape Environmental Man-made
(ha) index Proportion of Proportion of noise (dB) disturbance
construction  vegetation
area area

MRHBTHAR 1.000

Wetland area (ha)

R AR EL -0.065 1.000

Urbanization index

AR E 5] —-0.299 0.587 1.000

Proportion of construction

area

T T AR LG A1) -0.180 0.080 0.308 1.000

Proportion of vegetation

area

TR HFEAR 0.019 0.503 0.401 0.130 1.000

Wetland shape

EYS Ly -0.375 0.251 0.333 0.090 0.107 1.000

Environmental noise (dB)

NHTF —-0.043 0.764 0.495 0.070 0.610 0.107 1.000

Man-made disturbance
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Appendix 3 Parameters of bird diversity in small wetlands in Hefei City

B 5 LUELIE Y3 YIRS RE Species density Shannon-Wiener % BIS REHREL
Wetland Species richness (ind./ha) Shannon-Wiener index Pielou index
number K Wi 1% 2 K5 fii il 15 2 K5 Vil 1 2 K5 G REEN]
Waterbird ~ Terrestrial Waterbird Terrestrial Waterbird ~ Terrestrial Waterbird ~ Terrestrial
bird bird bird bird
1 1 15 3.822 356.051 0 2.350 0 0.868
2 1 16 15.287 839.490 0 2.475 0 0.893
3 3 9 37.097 230.645 0.740 1.689 0.674 0.769
4 4 17 34.783 821.739 1.075 2.337 0.776 0.245
5 5 14 703.185 346.497 0.755 2.285 0.469 0.866
6 4 18 33.121 645.86 0.894 2.352 0.645 0.814
7 2 15 10.191 583.44 0.693 2.357 1 0.87
8 2 15 31.034 1706.900 0.349 2.262 0.503 0.835
9 2 11 25 1114.286 0.410 2.083 0.592 0.869
10 3 19 152.866 895.541 0.927 2.553 0.844 0.867
11 2 17 246.479 797.183 0.367 2.057 0.529 0.726
12 5 17 26.115 331.211 1.273 2.289 0.791 0.808
13 5 14 115.287 226.752 1.080 2411 0.671 0.914
14 2 15 22.93 320.382 0.127 2 0.183 0.739
15 4 17 51.592 308.917 0.821 2.404 0.593 0.849
16 1 13 5.096 415.924 0 2171 0 0.846
17 4 17 33.121 405.732 1.0901 2.36 0.787 0.833
18 3 16 38.471 178.599 0.970 2.325 0.883 0.839
19 4 18 28.981 264.968 0.928 2.482 0.669 0.859
20 7 17 64.968 614.862 1.164 1.124 0.598 0.397
21 9 17 71.975 136.306 1.662 2.394 0.756 0.845
22 2 14 10.510 116.879 0.554 2.354 0.799 0.892
23 10 21 108.917 293.949 1.208 2.614 0.525 0.859
24 9 25 172.824 151.805 0.433 2.609 0.197 0.810
25 5 27 24.713 234.904 1.074 2.709 0.667 0.822
26 13 22 110.318 132.229 2.080 2.617 0.811 0.847
27 7 20 36.688 129.682 1.239 25 0.637 0.834
28 13 18 27.707 186.306 2.017 2.402 0.786 0.831
29 5 27 8.917 207.325 1.176 2.849 0.731 0.864
30 9 24 60.382 135.796 1.946 2.708 0.886 0.852
31 2 20 5.379 149.186 0.671 2.553 0.968 0.852
32 1 17 1.656 208.153 0 2.086 0 0.736
33 3 24 7.097 519.563 0.780 2.087 0.710 0.657
34 8 28 21.975 211.306 1.480 2.716 0.712 0.815
35 3 18 21.838 197.816 1.040 2.348 0.946 0.813
36 3 17 68.082 81.104 0.386 2411 0.352 0.851
37 15 30 61.288 236.943 1.536 2.561 0.567 0.753

w
[e¢]
~

35 18.981 198.343 1.287 2.786 0.662 0.783
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B G MMEEE YIF B Species density Shannon-Wiener $& % PSR H

Wetland Species richness (ind./ha) Shannon-Wiener index Pielou index

number K it h 1,28 K i th 1 24 K i b, 1% 24 K i b 1524
Waterbird  Terrestrial Waterbird Terrestrial Waterbird  Terrestrial Waterbird ~ Terrestrial

bird bird bird bird

39 8 35 38.004 318.471 1.132 2.807 0.544 0.790

40 12 28 78.435 232.757 0.964 2.718 0.388 0.816

41 13 33 85.350 297.24 1.361 2.334 0.531 0.668

42 17 27 122.435 136.872 1.467 2711 0.518 0.823

43 11 26 97.611 185.510 0.915 2.647 0.381 0.813

44 6 29 37.650 184.147 1.361 2.844 0.759 0.845

45 13 27 49.115 116.065 1.833 2.776 0.715 0.842
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Misk 4 ARH/NUEMEAER
Appendix 4 Bird list of small wetlands in Hefei City

WrFh 4 4 XRFM  JEEY R
Species Chinese name Scientific name Faunatype Migratory Protection
type grade
REREH Podiciediformes
EES AL Podicipedidae 1/ Tachybaptus ruficollis |~ &
2. ARG R Podiceps cristatus I %, H
B H Ciconiiformes
B Ardeidac 3.EH Ardea cinerea I H
4K% Ardea alba I .
5.[1% Egretta garzetta I i
6.7 % Nycticorax nycticorax I &
7. Ardea intermedia R =1
8.1th ¥ Ardeola bacchus PR =l
9.4h 55 Bubulcus ibis # =
103 PEE TG Ixobrychus sinensis I B
11. B3 Dupetor flavicollis R =
JEFZH Anseriformes
5%l Anatidae 12. B g Anas zonorhyncha I % H8 Al
13. 23435 Anas crecca ] % Al
1475 JFRHG Tadorna ferruginea w % Al
15. 27 Sk i Aythya ferina ] s s
#HH Gruiformes
HIEEL Rallidae 16. 21 I H S Zapornia akool * =l
17. K3 Gallinula chloropus 7R =]
18. (& T Fulica atra I %
@ H Charadriiformes
fi%kl Charadriidae 19. Rk Z R Vanellus vanellus i %
20. /K 375G Vanellus cinereus iy "2
&%} Scolopacidae 211857 Tringa erythropus i %
2275 IS Tringa nebularia W 2
23. B HS Tringa ochropus W Z'S
24 R Tringa glareola w i
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WFh 4 G XHEFH  FBEY RSP
Species Chinese name Scientific name Faunatype Migratory Protection
type grade
25. L Tringa hypoleucos ] Jiid
26. 5 R b HE Gallinago gallinago I 3
[5%L Laridae 27 4REY Larus argentatus i Z S
28 21 MY Chroicocephalus = %
ridibundus
HENSF} Sternidae 29 7 RN Chlidonias hybridus I =3
i B Coraciiformes
295l Alcedinidae 30. K 114 Ceryle rudis % &
31 ER S Alcedo atthis I A
#FEH Columbiformes
M585%}  Columbidae 321 LB Streptopelia orientalis )~ =
33.ERIBLNG Streptopelia chinensis % =
BSFH Cuculiformes
#A%%L Cuculidae 34./NHSHEY Centropus bengalensis %< = ES)i
35.1: 7Y Eudynamys scolopacea %< = Bl
36. KBRS Cuculus sparverioides R =] Bl
37.JU kLAY Cuculus micropterus I = Al
W Upupiformes
#HERL Upupidae 388 Upupa epops I =
BIELH Piciformes
K %L Picidae 39. KRB A Dendrocopos major I &
40. 2 IR A LY Dendrocopos canicapillus |~ 74
A7 B Falconiformes
# %} Falconidae 41 ek Falco subbuteo I 4 [E 11
W E Galliformes
HEF} Phasianidae 42 5 3 Phasianus colchicus e 4 Z
#£IH Passeriformes
HRFL Alaudidae 3 NhsE Alauda gulgula % 7]
AL Hirundinidae A4 R Hirundo rustica i B el
45,4 flEate Cecropis daurica I =l Al
#5459%} Motacillidae 46. 415555 Motacilla alba 5 B
47 Ik 545 Motacilla cinerea i =
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WFh 4 G XHEFH  FBEY RSP
Species Chinese name Scientific name Faunatype Migratory Protection
type grade
48 7 H545 Motacilla tschutschensis 1 =]
49,4438 Anthus hodgsoni E jiid
50.7K 24 Anthus spinoletta I %
%L Pycnontidae 51. 43k 5% Pycnonotus sinensis 7R H
52 AT Spizixos semitorques ) H
%} Turdidae 53.% %4 Turdus mandarinus ) &)
54305 Turdus eunomus ity %
55.41 BB Turdus naumanni ] %
8] Passeridae 56. k72 Passer montanus I &
Wt 46! Estrildidae 57. [, Lonchura striata xR i
(%5 Laniidae 58.41 FBA157 Lanius cristatus W ] Al
59. k5 1A 5 Lanius schach ) & Ell
SR Oriolidae 60. Bk 3 S Oriolus chinensis I = Al
% ) Dicruridae 61.E%ER Dicrurus macrocercus 7R -l Al
62. /K45 % Dicrurus leucophaeus % =
Fi 9%} Sturnidae 63. B4t Gracupica nigricollis L "2
64. /K1 Sturnus cineraceus Ll ES
65.22 5 Sturnus sericeus % =l
66./\ & Acridotheres cristatellus %< &
5%} Corvidae 67 F 5 Corvus frugilegus + £
68. /N5 2 7 Corvus corone I &
693k 1% L IEHY Corvus dauuricus iy %
707K B4 Dendrocitta formosae ] &) Al
7188 Pica pica ] &
T2 K B Dendrocitta formosae R &
7341 MY Urocissa erythrorhyncha %
#4%} Muscicapidae 74,588 Muscicapa sibirica I i
75. SR A B Saxicola torquata W iid
76.5548 Copsychus saularis iR &
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WFh 4 G XHEFH  FBEY RSP
Species Chinese name Scientific name Faunatype Migratory Protection
type grade
[Nt Phoeonicurus auroreus ity ES
78 .21 R Tarsiger cyanurus &l =
i J&5 F} Timallidae 79, LI g S Garrulax perspicillatus %< &
%l Paradoxornithidae 8073k 5% Paradoxornis webbianus 7% &
R FL Cisticolidae 81iG BT Cisticola juncidis % g
82.4li 1l 5% Prinia inornata = 7
Wil Phylloscopidae 83. 3% JE M Phylloscopus inornatus Z S
84. 3 I Phylloscopus proregulus jiid
85. 4 41 Phylloscopus fuscatus oy %
W R} Cettiidae 86. kAR Abroscopus albogularis %% 7
87. BRI 5 Cettia fortipes R &
88.1% R Horornis canturians I =1
KEILEFR Aegithalidae 89.4RIMEK 1148 Aegithalos caudatus T i
90.4 kKB4  Aegithalos concinnus % &
# R} Acrocephalidae 91.FJE Acrocephalus bistrigiceps % )71
114 F} Paridae 92. K1l Parus cinereus I &=
93. Gl 2 Parus venustulus R i
ZHHR R} Zosteropidae 94 HE IR Y Zosterops japonicus = 7l ‘Il
HEAE R} Fringillidae 953 % Fringilla montifringilla ™ £
96.37 % Carduelis spinus it %
7. B Rk A Eophona migratoria I %
98. 434 Carduelis sinica In &
99. B 3L i I 22 Eophona personata I i
%] Emberizidae 100.7% 3 55 Emberiza spodocephala ity ES
101 /83 Emberiza pusilla = %
102,35 M B9 Emberiza elegans T ES

I ER ZHELARSIGE, AL ZBE - HEARIDE BN 288 —HE AR 9K



