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Abstract Waterbird diversity is considered an important indicator to measure the health of mangrove eco-

systems. The sensitivity of different waterbirds to environmental driving factors results in differences in habitat

* BEE . 2022 5 ARFES S EH—ESMI AR IR ST H . T REMLEHLETHWH (2023KICX028) , AW Z RS
T (2022GDASZH-2022010105) , " ARAF=BEFHE LK B LT (2022GDASZH-2022010106) ,

F—1EE: MW (1982—), B, BT, EZNFRHTEEE A | R 58 05T, E-mail. 46237038@ qq. com,

BIEEE: BB% (1986—), B, BFBIE R, EENEIASYRY S54SR TIE, E-mail. 1024807242@ qq. com,

2,

TAME (1981—), Zo, BB, PR mh s (A3 Y, E-mail: yudongmeiS0@ 163. com,



12 Mok 5B R 2023 4F 12 A% 39 B4 6

selection, which in combination affect waterbird diversity. The analysis of species diversity and its impact fac-
tors from the landscape scale can provide an important reference for the health assessment of the mangrove eco-
system and waterbird conservation in Guangdong Province. This study analyzed the species composition and dy-
namic changes of waterbirds and further explored the factors affecting the diversity of mangrove waterbirds by re-
dundancy analysis (RDA). The results show that: 1) From 2018 to 2023, the number of bird species in-
creased from 56 to 88, among which, the number of national key protected species increased from 10 to 23,
the Shannon-wiener index increased from 2.492 1 to 2. 742 3; 2) The cumulative interpretation of the variance
of the species-landscape factor relationship for each canonical axis of waterbird taxa exceeded 96% , and the
Monte Carlo permutation test was significant (p <0.05), the first two canonical axes can well explain the cor-
relation between waterbird species and landscape factors; 3) Mangrove area, beach area, and aquaculture pool
area are positive factors affecting the diversity of waterbirds, and human disturbance factors such as road and
construction land area are negative factors affecting the diversity of waterbirds.
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Figure 1

Survey plots layout
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Table 1 Composition of waterbirds

B
Group

/EES

Specie name

i
Shorebirds

Wading birds

T FE 7K 38K 15

Open-water birds

Waterfowl

Wifi% Haematopus ostralegus . 23 IRS Himantopus himantopus . Y5 Recurvirostra avosetta, X kZ
3 Vanellus vanellus . JKkZZ 3 Vanellus cinereus . 411 Pluvialis fulva . K1 Pluvialis squatarola . KW
8 Charadrius placidus . 4:WEMS Charadrius dubius . 35808 Charadrius alexandrinus . 5% 15 UM% Charadrius
mongolus ., BRYE VL1 Charadrius leschenaultii . .75 Scolopax rusticola. P MERS Limosa melanuroides |
BEEERS Limosa lapponica. "PHITS Numenius phaeopus . FANEFITES Numenius arquata . KT Numenius
madagascariensis . #3575 Tringa erythropus . LS Tringa totanus . 7% Tringa stagnatilis . 5 7S Tringa
nebularia . /N5 HIFES Tringa guttifer . P A Tringa ochropus | MRS Tringa glareola . SHME TS Xenus ci-
nereus . L&Y Actitis hypoleucos . FNA Y Arenaria interpres | KVERS Calidris tenuirostris . £1EBI1ERYS Calid-
ris canutus . —RHERS Calidris alba, 2130 #S Calidris ruficollis . )WY Calidris pygmeus ., T N &5
Calidris temminckii . Z5WEVERYS Calidris ferruginea . MRS Calidris alpina . 2130 EERS Phalaropus lo-
batus . U8 Phalacrocorax pelagicus . @MY Glareola maldivarum

WS 1998 Phalacrocorax carbo . TEBEZEM Ixobrychus sinensis . S-=EM Ixobrychus cinnamomeus . B Nyc-
ticorax nycticorax, %% Butorides striatus, FJJE % Ardeola grayii, W% Ardeola bacchus, 4 5%
Bubulcus ibis . 5% Ardea cinerea. % Ardea purpurea K% Ardea alba. 1% Egretta garzetta | i
¥ Ardea intermedia, TV 1% Egretta eulophotes

ZLMERS Chroicocephalus ridibundus . 22VEWY Saundersilarus saundersi, "W Larus crassirostris . LW HE
MRS Hydroprogne caspia ., FHEIHERS Sternula albifrons . T8N Sterna hirundo . JKIMIERE Chlidonias hy-
brida, FIBTFENS Chlidonias leucopterus

piysogiilch Dendrocygna javanic INR RS Cygnus columbianus | M E RN Tadorna tadorna . 75 Y Tadorna
ferruginea . IR Mareca strepera. R3S Mareca penelope . %%kW8 Anas platyrhynchos. HEWEWS Anas
zonorhyncha . 51 BWY Anas acuta, 238N Anas crecca. FEWEWY Spatula clypeata. [1JETY Spatula querg-
uedula ., BEISVENS Aythya marila . RSN Aythya fuligula . /WS Tachybaptus ruficollispoggei . Rk i
& Podiceps cristatus . §tEVME Gallinago stenura, KUPHE Gallinago megala ., Fil BV HE Gallinago gallina-
go. HE T Fulica atra, PIK3Y Gallinula chloropus . AT %S Amaurornis phoenicurus . 77357 Halcy-
on coromanda . [A557% Halcyon smyrnensis | A5 R Halcyon pileata . EHB Y Alcedo atthis. A
Ceryle rudis
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Figure 2 Species composition changes of waterbirds
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Figure 3 Population composition changes of waterbirds
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Table 2 Diversity Index variation of waterbirds

AR Wb g Fh MMAR% A AR - AN FEEL B REREL

Year Number of species Number of individuals  Shannon-Wiener Index Pielou’s Evenness Index
2018—2019 56 83 296 2.492 1 0.619 1
2022—2023 88 130 347 2.742 3 0.6125

K3 BRABLENSEU

Table 3 Variation of rare and endangered wildlife resources of waterbirds

FE 5
A TR R PR . \ CITES [ff 44
National key {4 BRSSO TRS g ppendix species
EE protectedspecies Kev protected (7Sl RiP e
Year Y Protes CAMBA ACIMB
— Spectes 1 Species Species
.y i Guangdone pecies SOBERL W
level one level two Appendix [ Appendix I
2018—2019 4 6 16 24 41 0 1

2022—2023 6 17 25 30 56 1 11
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Table 4 Results of RDA ordering between waterbirds community and landscape factors
ih Axis &l All axis
B ayite Giit
Group Statistics il 1 filr 2 i3 fir 4 FH PH
Axis 1 Axis 2 Axis 3 Axis 4 Value ' Value P
FRAE(Y 0.097 0.0623 0.0303 0.021 8
i K 12, fife B Rt A 9.97 16.20  19.23  21.41
. 3.8 0. 007
All waterbirds Pseudo-canonical 431 0.4842 0.6498 0.8222 0.7592
iR T AR b 44.12 71.70 85. 11 94.75
AR 0.1101 0.0546 0.0344  0.026
I, fift B Rt A 1101 16.46  19.90  22.50
o 3.7 0. 007
Shorebirds Pseudo-canonical AH2: 1 0.4534 0.8184 0.7469 0.8526
R T ARk 47.83 71.55 86. 48 97.77
FRAE(Y 0.1553 0.0547 0.0459 0.0109
e fiRE BT Acim 15.53 21.00 25.59 26. 68
il 3.5 0. 009
Wading birds Pseudo-canonical #H &4 0.5479 0.5418 0.5030 0.6273 : :
R T ARk & 57.68 78. 00 95. 06 99. 11
FRAEAE 0.1414 0.0393 0.0066 0.0053
, A 007, =R
T Ak i B Ar i 14. 14 18.07 18.73 19.25 e -
Open-water birds Pseudo-canonical #H 1% 0.4549 0.6922 0.2268 0.3263 : :
e T AR 73.26 93.62 97. 04 99.78
FRAEAE 0.1087 0.0568 0.0305 0.0149
g R R A& 10. 87 16. 56 19. 61 21.09
Waterfowl Pseudo-canonical i1 0.5722 0.5853 0.4095 o0.6023 > 0008
R T ARk & 49. 63 75.55 89. 47 96. 26
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TE: fRLht, M-ZDMAREAR (hm?) | F-MERTER (hm?) | W-KSRIEA (hm?) | A-K FRFEM AL (hm®) | R-IE
J¥ (km) . B-#HYEA (hm®)
TSy S1-WHRS, S2-MRSM KIS | S3-FLWa . SA-Rk A0S, S5-I KA | S6-axiih, ST-IKMM. S8-KME&ITE | S9-4
MERS . S10-FREUL . SISt UM, SI2-BRMEVMS | SI3-Ieiy, S14-MIERERS . SI4-BERMEAS ., S15-h a8, S17-F11%
MG, SI8- KA, S19-#575 , S20-2U MG, S21-1a5, S22-FJHIAs . S23- /NG A, S24- I RE il S24-bR7s, S25-
ARG . S27-BILi . S28-BHATMY . S29-KUEAEY, S30-ZLMEUEHS , S31-—REIEAY, S32-ZLHUEEMHY, S33-AIWAAY ., S34-T
R, S3S-ES MRS | S36- ARG, S37-LI MRS, S38- M MENY | S39-F U
W& Wol-El gl Wo2-BBEERG . W3- . Wha-R0H | Whs-4¢ 5 | Who-ENJE T | Wb7-il % | Wbs-/F1f
M Wbo-t5H - Wb10-R1E | WbI1- K% | Wh12-iF % | Wb13-F1% | Whl4- 51 (%
?Fl%ékbﬁk?: O1-ZLMEHS | O2-FRWENG | O3-RIERY | O4-ZLMFE#EWS | O5- A | O6- il Ry | O7-JRIFTFHY |
O8- 1B PF I,
e . WIS | WR-/NRRS | WBEURRTYS | WEA-JRIFRRS | WS- BERG | Wie-oR 511 | WI7-2¢ K08 | WB-BEM
G WRO-EHE NG WII0-LE @5 - WEIT-EEBE T | WE12-11 JE 1S . WHI3-KUSk S . WT4-BE 75 7 1 . WLS-/) G JE |
WE16- Rk BSRE . WL7- I v 5 WEIS-MIK RS | WFI9-1 R T, W05 R HE, WRI-KUDHE . W2-5 R I
WR3-FRE5 | WR4-FIIA55R | WS- 3528 | W6 - Wi27-BEfa i,

Note: Explanatory variables; M-the area of mangroves (hm”); F-the area of tidal flats (hm®); W-the area of water bodies
(hm?) ; A-the area of aquaculture ponds (hm?); R-road length (km); B-the area of built-up land (hm?).
Shorebirds: S1-Haematopus ostralegus, S2-Himantopus himantopus, S3-Recurvirostra avosetta, S4-Vanellus vanellus, S5-
Vanellus cinereus, S6-Pluvialis fulva, S7-Pluvialis squatarola, S8-Charadrius placidus, S9-Charadrius dubius, S10-
Charadrius alexandrinus, S11-Charadrius mongolus, S12-Charadrius leschenaultii, S13-Scolopax rusticola, S14-Limosa
melanuroides, S15-Limosa lapponica, S16-Numenius phaeopus, S17-Numenius arquata, S18-Numenius madagascariensis ,
S19-Tringa erythropus, S20-Tringa totanus, S21-Tringa stagnatilis, S22-Tringa nebularia, S23-Tringa guttifer, S24-Tringa
ochropus, S25-Tringa glareola, S26-Xenus cinereus, S27-Actitis hypoleucos, S28-Arenaria interpres, S29-Calidris te-
nuirostris, S30-Calidris canutus, S31-Calidris alba, S32-Calidris ruficollis, S33-Calidris pygmeus, S34-Calidris tem-
minckii, S35-Calidris ferruginea, S36-Calidris alpina, S37-Phalaropus lobatus, S38-Phalacrocorax pelagicus, S39-Glare-
ola maldivarum.
Wading birds: Wbl-Phalacrocorax carbo, Wb2-Ixobrychus sinensis, Wb3-Ixobrychus cinnamomeus, Wb4-Nycticorax nyc-
ticorax, WbS-Butorides striatus, Wb6-Ardeola grayii, WbT-Ardeola bacchus, Wb8-Bubulcus ibis, Wb9-Ardea cinerea,
Wbl0-Ardea purpurea, Wbll-Ardea alba, Wbl2-Egretta garzetta, Wbl3-Ardea intermedia, Wbl4-Egretta eulophotes.
Open-water birds: Ol1-Chroicocephalus ridibundus, O2-Saundersilarus saundersi, O3-Larus crassirostris, O4-Hydroprogne
caspia, O5-Sternula albifrons, O6-Sterna hirundo, O7-Chlidonias hybrida, O8-Chlidonias leucopterus.
Waterfowl: Wfl-Dendrocygna javanic, W12-Cygnus columbianus, Wt3-Tadorna tadorna, Wt4-Tadorna ferruginea, W15-
Mareca strepera, Wf6-Mareca penelope, W{71-Anas platyrhynchos, W18-Anas zonorhyncha, W19-Anas acuta, Wf{10-Anas
crecca, WfEl1-Spatula clypeata, Wf12-Spatula querquedula, Wf13-Aythya marila, Wfl4-Aythya fuligula, Wf15-Tachybaptus
ruficollispoggei, W{l6-Podiceps cristatus, Wfl7-Gallinago stenura, Wf{18-Gallinago megala, Wf19-Gallinago gallinago
WR20-Fulica atra, W{21-Gallinula chloropus, W{22-Amaurornis phoenicurus, Wf{23-Halcyon coromanda, W{24-Halcyon
smyrnensis, Wf25-Halcyon pileata, W126-Alcedo atthis, W127-Ceryle rudis.
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Figure 4 The RDA analysis on the influence factors of waterbirds diversity
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