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The response of taxonomic and functional diversity in wintering waterbird
community to water level changes in a shallow river-connected and gate-controlled

lake

ZHANG Dingyong"?, SHI Jiye"*, ZHOU Lizhi'**

1 School of Resources and Environmental Engineering, Anhui University, Hefei 230601, China
2 Anhui Province Key Laboratory of Wetland Ecosystem Protection and Restoration( Anhui University) , Hefei 230601, China

Abstract; The shallow lakes in the middle and lower Yangtze River floodplain are essential wintering grounds, providing
abundant food resources and wintering condition guarantee for waterbirds on the East Asian-Australasian Flyway. In recent
years, to meet the needs of the residents around the lakes for production and living, many of these shallow river-connected
lakes have water levels controlled by dams and sluices in the middle and lower Yangtze River floodplain. The gate-controlled

water level is currently the most common hydrological disturbance used in the area. Waterbirds as indicator of wetland
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ecosystem, exhibit sensitivity to shifts in water levels, and composition in their diversity can elucidate the effects of water
level changes on wetland ecosystems. In this study, the impact of water level changes on wintering waterbird communities
was investigated based on taxonomic and functional diversity. Over the wintering seasons during 2021—2022 and 2022—
2023, field observations of wintering waterbirds were conducted at Wuchang Lake, along with remote sensing data, we
obtained the waterbird species, composition, distribution, and habitat factors. Based on the changes in waterbird community
composition across interannual water level conditions, we analyzed the effects of habitat changes on wintering waterbird
diversity and examined the response of wintering waterbird communities to water level changes. The results indicate that
throughout the two wintering years, the waterbirds of order Anseriformes were predominant at Wuchang Lake. Shannon-
Wiener diversity index was significantly higher ( P<0.05) during high water year, accompanied by a significant decrease in
functional divergence index (P<0.05). This indicates substantial disparities in species composition, abundance, and trait
characteristics between the two wintering years. The results by general linear models revealed that habitat area was affected
by water level, with significant correlations ( P<0.05) between water level and shallow water, mudflat, and deep water,
but not with emergent plant area ( P>0.05). The resulis by generalized linear mixed models revealed that the major cause of
shifts in waterbird community diversity was habitat changes due to water level changes. Moreover, water level changes also
directly impacted the diversity of wintering waterbird communities, with significant correlations noted between the Shannon-
Wiener diversity index, the functional richness index, and water levels ( P<0.05). This study elucidated the impact of
water level changes on wintering waterbird communities by investigating the interconnections between water levels,
waterbirds, and their habitats, thereby providing crucial scientific guidance for the conservation and management of lake

ecosystems.

Key Words: wintering waterbirds; taxonomic diversity; functional diversity; water level; floodplain; Wuchang Lake
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Fig.1 Distribution of the wintering waterbird observation sites at Wuchang Lake
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Table 1 Functional traits used to calculate functional diversity of wintering waterbird communities at Wuchang Lake
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Fig.3 Temporal dynamics characteristics of wintering waterbird communities during the wintering periods of 2021—2022 and 2022—2023
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Fig.5 Land cover map under different water levels during the wintering periods of 2021—2022 at Wuchang Lake
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Fig.6 Land cover map under different water levels during the wintering periods of 2022—2023 at Wuchang Lake

£ 2 GLMM RIEHE (AAICe<2) BUKGEAMAERTENK B MM LK E S X SHMENIM
Table 2 GLMM candidate models ( AAICc<2) quantify the effects of water level and habitat variables on taxonomic diversity of wintering
waterbirds at Wuchang Lake
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30 b 3 =-8.945 + 116.449x
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80 % 25 r P=0.009
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Fig.7 Relationship between water level and habitat area at Wuchang Lake

TR AR 95% B AFA , RIK G AR AR 95% T+

®3 GLMM fREKE (AAICe<2) BUKMMERTENR B MLk EI5EZHERNIZIE
Table 3 GLMM candidate models ( AAICc<2) quantify the effects of water level and habitat variables on functional diversity of wintering
waterbirds at Wuchang Lake

o " KA Hk 7y - eI X
s o Kfiz ‘{36 A oK et KA ' ‘ w
. Water Shallow Deep Emergent df logLik AlCe AAICe w;
Dependent variable Model Mudflat
level water water plant area

BTN E i 1 0.036 — 0.022 — 0.066 5 -109.58  234.2 0 0.413
Functional richness index 2 — — 0.026 — 0.064 4 -112.45  236.0 1.82 0.166
Tt st AR 1 0.090 — — 0.233 — 4 -68.21 1475 0 0333
Functional divergence index 2 — — — 0.186 — 3 -69.97 147.6 0.15 0.309

3 — — — 0.146 0.059 4 -68.93 1489 1.44 0.162

&4 EREM 20212022 T 20222023 BN FEHBEKERESHEATESELLERE
Table 4 Multicollinearity test of independent variables for wintering waterbird community diversity during 2021—2022 and 2022—2023 at
Wuchang Lake

Sh. -Wiene -
- e Yy R R Y HEHE AL WIfe s SRR
A7 ZHAERREL o
. . Species richeness Funcuonal richness Functional
Independent variable Shannon-Wiener . . . .
L index index divergence index
diversity index
IR Water level 2.044 2.247 2.089 2.282
%7K Shallow water 7.285 5.697 6.507 6.276
RIK Deep water 1.308 1.546 1.534 1.502
Ve Mudflat 7.476 6.003 6.625 7.157
HEKAHYI X Emergent plant area 3.164 2.695 2.810 2.556
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BB B SRR (R 5) KL FIANR] 18 A 5 A8 0 36 0 2 2 AR R AR B I AR B 2R AN ], KB EOK T
P RK T AURIHAE /KA ) 24 158 T AR B 25 M) Shannon-Wiener 228 550 42 /K A 40y A5 1% 1T BRI 8 52 i 49 b =

o=
i
=052

x5 ETREFIYHRZEFURENBEKES LS HFEERBXNEZEFERXRE(95% EIFIXE)
Table 5 The relative importance and correlation coefficient (95% confidence interval ) of each factor to taxonomic diversity of wintering

waterbirds at Wuchang Lake based on model averaging

PRI A% SRl s AR AHIEME 95% I E-A7 X 7]
Dependent variable Independent variable Relative importance Correlation 95% confidence interval
Shannon-Wiener ZAE M35 %L KL 0.52 -0.355" -0.58—-0.02
Shannon-Wiener diversity index Hok 1.00 -0.192** -0.33—-0.10
WK 1.00 0.082 ** 0.04—0.13
Je 0.25 -0.122 -0.13—0.15
HEK A X 1.00 0.197 ** 0.12—0.26
YR TR KL 0.35 0.144 -0.04—0.18
Species richness index K — — —
K 0.47 0.112 -0.02—0.18
e — — —
KA X 1.00 0.153* 0.06—0.26

R RS AR IR ERE P<0.05; o Fomi 12 B 5 N BEZ 1 BRI XEHE P<0.01
AL 2 SRR (32 6) , KA RIS [] 1 A 153 78 X6 T R 22 R A48 s O ADOS JR AN ], 7K AL 8K T
BURIHEACH 1) 1858 1 AP A 35 52 Wy S 8 =R 6 A 40, M D) RE S35 BE AR R0 32 2 e e v LY S 38 2
6 EFHBTHNEETIRENEEK DI SRR EN EERIER R (5% B X H)

Table 6 The relative importance and correlation coefficient (95% confidence interval ) of each factor to functional diversity of wintering

waterbirds at Wuchang Lake based on model averaging

PR A% SRty AR AR 95% I EA7 X 7]
Dependent variable Independent variable Relative importance Correlation 95% confidence interval
RE T TR KL 0.71 0.036** 0.01—0.05
Functional richness index K — — —

K 1.00 0.023* 0.004—0.04

e - - -

HEAK A X 1.00 0.066** 0.05—0.08
ik B TR KL 0.41 0.090 -0.02—0.14
Functional divergence index K — — —

K — — —

Je i 1.00 0.198 ** 0.10—0.30

HEAK R X 0.20 0.0591 -0.04—0.13

3 itig

31 KGR R

TE 2022—2023 4EHY = K AL ARy, 50 B 1A K S REVR 10 73 2 REMERIX B . TERUKBLARE T | I iR
7K BT FE K 388 Y 7K S 30 B Ao B T T HREIES H ( Podicipediformes ) Fl1f% & H ( Suliformes ) T
B0 2E T K S £, K SR B RO AR T A R R WS R TSR S Sk
T, 75 2021—2022 AFEAH R DL o6 & 1B 1 i, x5 5K 8 WIHE K R 9 o e s AR O, DR R SE KA W o
HAF TEHEER S S R . & 58, TR YTE AR &0 T BARSR s vk, RV K07, B4
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WREAEFFE K FEUK SR ISR AL R, i 25 I HE KA 0 R K 5 B A3E b e i A A7 2 T, L
W2 I B TR, JE HOR AR SRR K b & TR HE KRS 1K MR R R K 5 0 7 a1 -
T EAF IR K G e METC R &, AR T 591 H (Pelecaniformes) . #59 H ( Ciconiiformes) \#JE H ( Gruiformes)
FBIE H ( Charadriiformes ) ST E 7 0 I, 4328 2 HEME R INASAR 2K A7 38 A /K SR, i 2 2 B i
HEAKED) i AR TIEE AW E LD TS KA S A S B FNE S IR R 2 iy
I AR ZREEE N AR IS () D Re R A T —1k
3.2 BAOKEHE e R L

FE 2022—2023 AF 1 = 7K ALAE Ay, 1K B R A K S REVE I DI E 3 S BE e BOMRHRAIG i Bl g =F 6 B R L
FEER, T F AR R B IS NS R AR R 8] 1 22 S v PR B T DN AN [R) 4 i ) 1) A 286 43 A A
VEUR SR P AT IR B, UL REE N RN I R L AOAR PR  se R ERK L AR, — ek
R IESAE 35 A R R, T2 A AH A 4 Fh SR SR AE — A /I B A 2 PR 55 v B % PO 50 400 ol 1] 1) 5 4 iR 32 344
I I REE R B Y A D B RAE AR PO T 48 B D BE A )4 KN BB T g Ao A 2 A (] 1 )
FHS AR B, R TP AR S R IR R B 7 U R B K R A 7 e 3, IR T ¥ & 1
REFWE . FEARRKAISMT  IFS R PR HE AL, K S R BRI R X R, OB+ B A S
PRIZKAL AR AT 32 3] 52, Ak FEAE R R G DR TUA R AR R B 26 8 4 7K 1 PR /K 62 A2 Ak T A2 )
S, A BAT ML I RERFAE AP Fh 2 BN X S8 AR 2507, T S BRI T i 2 w8 AR e

WEEMaa K7 BT FAESERAL (AR Uik ) e 2 FEE R BRAC, 7232 Bkl s b, AR e
REASIE N Y 1/ 251 00 R (I8 ) A BEORBE T R, AR B MR SRR AR A A U] 2508 2 IR B T SR 58X 4
PR PR AR [RIESE, K5 A s A ] B A i A SR s/ 1 S Joa Ak A 55 75 SR 1 A K 5 A F7 23 [R] TR 45
TEMMAERN, FEESRZHENIE, SRS ES, [FSER A (LR YRpE s hnE),
SE HAE PR TS T AE S RGBT RE 2 HEE
3.3 IRALXS A K SRR Z PR R

TN A 7K () Z2 P 7 A S ), 2 B IAE WD T8 - 1 Fe R AN R RIS K 5 1 B TR SRR B P
T PR A 22 57 200 3 R AR AR Ak B A A B AR AR A K 1 Z B AR L 2 iIA K 7
T, oK DX e A8 BUR K X, 47 R G i & 6 B B AR B T AR, TR K DX Ay e 0 5 2 A (A i 7k 28 e 7K A
K ) SR T SE A A A IR [ It A U R T A VR L D B I A S A T MK R
TR SR , B K BRI A R B AR TR TS I, 2 T S A FEAR Y T
K IS 1R] 2 8 (4 FOMERT T AL MRS R B R P AR BRI W, 7 TR K R B I 0 VR M M R S
Wy, Wnta s R KoK A TCE HES S TRMERL IR A B, RS HR LT R A R IR, AT SRR £
(P& TR, (R T 3R R A R R B L M, X B X 0 BT RE S S B W R s,
el 088 S AT oAt b DX B TR DL B KRS . FEASBIFSE rh, Y e T AR 5 DI RE 0 = B2 A2t 0 3 A TR A OC , B B
Ve WE TR A3 I, X5 T b RE 6% S HE TR ZAE D BE L B ARSI E I RE2E SRR AN, [R5 A R A K
AR S P, 7 T DX AR K — BSR4 I T R i R 4R
1, 2B WA 5 PL A, BELAS T B A 307E A AR S50 St i T AR SR At s v, RPAE SK A7, B A1)
WhgdeRE AR L, KA AR Bl R B I R AR 4 X T R AR AR R AN

AR AR FY], DAY E R B TN AE S R b KA Y i &2 T EE eI
FIIE B ARG B IR5E, DL R b B Baitic I i > 7 Y AE BRSNS p 28 B BN KRS ( Cygnus columbianus) 7%
JHERN RS 55 DLt R 2L, IR SR BT (Anser albifrons) 55 LRI Y R B, 563609 BKEMERY 4 Y
(Anas acuta) FIEEHRE (Anas crecca) FFTEK R EK ST T B E RN E . XFVING 0] LUEBEAEGE 1 732
Z R TN RE 22 R 5 KR ) A 35 TR S22 TE AR G 33 J2: DR A ok S A 1) A iR A 7K S B AL 1 3= 1 0 0 9 D
T B B IAEE , T 5 | - SR 2 oK S B RIS, SR, SEAKAE Y S X & AR, R
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B B SN A e B, AR R RO S KL, W & BRI O B 22 5 B, W KA A R T 5
AT o X — R AT LU R T 2 B IR s R OK T AR 0 26 2R R REZ AR PR AR S, T JE e R /K I
RGP R R AR

4 g

IR RN, 7K 553 2T R 2 HEME AR BR8] 22 57 B 8, Ud I A4 88 ) 7K 55 B8 A R IS 2 B Bk RO AR Ay
MEAFTEZE S, 15 2021—2022 SR AAE By AR LG, 2022—2023 4E 55 K AL4E 13 7K S V% 19 Shannon—Wiener 2+
PEAE RO 2 35 (P<0.05) , TS RE T S LA B B IR (P<0.05) o SR, /K AL AR1 K B v 9 1 Z ik
PR AGE T, R BUR D REMR A A ) BE G . X MHBLR S 1 i KA 26 1 T A /K 5 L S 3R 35 ) . —
A, FETE PP ) 9 5 450 EE N, DIRE I S BE R AR . AR T 55, AR AR 003 i 2K S S it 1 5 2L A
T EL A S A, K SR R DI RETEIR I 2L . K245 K RK AR i ARUEAT 28 AR ek K7 i it
SN FAC K B 05 | RN A K ST B 7 R RE AP . 2022—2023 AR g AR LA , K ST AR
e, S T U g o DL T 2021—2022 A AR ALAFE 4, 1B T80l P v T RO, mT A 5 | S 20
ASHFHEAS S A K 5 BRI, i K A A A T 00 B AR, DR AT N T IR A R I Y K S A
S5 MRS A T3 8, A R ¢ e A9 % 5 Dy o & S Bt 178 R B R BR B R R Y ) BT Shannon-
Wiener ZFEPEHE ORI BE 4= 6 BEFR RS KA 2 A BRI 35 B SG M , 3R K A 28 At 2 A R i & 0K 15
TEVE I ZAENE . ABFTEEE R X B 91K 5 ZREPE R PR 37 BAT 1 505 S0 AT Bt — 2D AR 7 94507 58
Ja  IRAEARZS LA B BE KA M FR 7K 55 AR PR R R R 5T
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Appendix Table 1 Species and numbers of wintering waterbirds during the wintering periods of 2021—2022 and 2022—2023 at Wuchang Lake

B 1 2021—2022 £ 2022—2023 FH LR BB LK SRS CFHELPRIESE)

(Mean+SD)
S e BR L

Fe Yifh 4 N umber/ff%«ftleiirds/ H ‘**’i‘f*’fﬁ l%ﬁ i SR
Number Species Protection 1% of' the Threatened

2021—2022 2022—2023 level population on level

(n=3) (n=3) the flyway
1 JEJE H Anseriformes
(1) ML Anatidae
1 INKHE Cygnus columbianus 600.33+296.30 265.33+171.80 5t LC
2 JEJE Anser anser 1674.67+1700.74  6856.00+2073.49 v LC
3 I Anser cygnoides 10.67+12.90 230.00+50.24 5t EN
4 I Anser fabalis 20005.33+8176.91  8418.67+5537.96 vV LC
5 FA%UME Anser albifrons 6.67+11.55 21.33+36.95 2 LC
6 LR Tadorna tadorna 2.00+3.46 0 LC
7 JRW Tadorna ferruginea 15.00+24.27 4.00+1.00 LC
8 Hit 5 Nettapus coromandelianus 0 0.60+0 5 LC
9 21338 Aythya ferina 0 25.67+42.74 VU
10 BN Aythya baeri 4.33+5.86 108.67+188.22 ] — v CR
11 FAHR VS Aythya nyroca 0 1.00+1.73 NT
12 KL TS Aythya fuligula 0 5.00+6.24 LC
13 EEWENS Spatula clypeata 2.00+3.46 0 LC
14 AENSMS Sibirionetta formosa 0 666.67+1154.70 [ LC
15 B EWG Mareca faleata 981.67+1559.59 2084.67+2302.74 v NT
16 IRIERG Mareca strepera 0 22.00+20.66 LC
17 IRIMG Mareca penelope 0 21.67+37.53 LC
18 BEMERS Anas zonorhyncha 2749.00£1997.01  6691.67+3367.29 LC
19 239 Anas platyrhynchos 1623.00£1748.72  5575.67+2216.18 LC
20 £ MG Anas acuta 0.33+0.58 335.67+581.39 LC
21 LR Anas crecca 1281.00+1482.86  2517.33+1449.97 LC
II T8I H Podicipediformes
(i) REIEERL Podicipedidae
22 IINBSIES Tachybaptus ruficollis 62.67+14.29 25.67+4.04 LC
23 Rk WSS Podiceps cristatus 44.67+30.75 319.67+185.65 vV LC
I} I H Gruiformes
(i) HYE} Rallidae
24 LI HIAS Zapornia akool 0.67+0.58 0 LC
25 HIKS Gallinula chloropus 196.67+101.79 198.33+61.23 LC
26 TR Fulica atra 113.67+19.66 611.00£128.75 LC
(iv) #9FH | Gruidae
27 FI#9 Leucogeranus leucogeranus 81.33+43.36 20.67+17.01 ] — vV CR
28 H L% Grus monacha 2.67+4.62 37.00+39.15 [ — vV VU
Y #49 H Ciconiiformes
(v) #8F} Ciconiidae
29 ZR75 1S Ciconia boyciana 601.67+416.14 20.67+17.04 = — Vv EN
\ #5IE H Pelecaniformes
(vi) BY%} Threskiorithidae
30 F1EE¥ Platalea leucorodia 299.67+435.67 155.33+147.30 5 - v LC
(vil) Bl Ardeidae
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1 TRAE T AF VRIKGE VLRI AR A K 2 43S R DI BE 22 R X K A6 722 A 1 i g 279
e W Numberjff%viiirds/ A (A 1o SR
Number Species Protection 1% of the Threatened

2021—2022 2022—2023 level population on level
(n=3) (n=3) the flyway
31 KRN Botaurus stellaris 0 0.33+0.58 LC
32 ¥ Nycticorax nycticorax 29.67+44.56 19.00+28.58 LC
33 BH Ardea cinerea 213.33x110.91 231.00+145.68 LC
34 B Ardea purpurea 0.67+1.15 0 LC
35 KA Ardea alba 57.33£83.19 67.67+57.14 LC
36 1% Egretia garzeita 17.33£12.22 21.00+10.39 LC
VI % 1% B Suliformes
(viil) J&38 8} Phalacrocoracidae
37 W38 88 Phalacrocorax carbo 20.00+32.08 173.00+105.53 LC
Vi 8% H Charadriiformes
(ix) M RE Recurvirostridae
38 JZWET Recurvirostra avosetta 150.33+183.09 39.00+12.12 LC
(x) &P} Charadriidae
39 Rk A2 3 Vanellus vanellus 389.67+309.76 611.33+737.00 NT
40 WKL FE Y Vanellus cinereus 0.67+1.15 4.00+6.93 LC
41 4 NERS Charadrius dubius 0 0.33+0.58 LC
42 IF# Charadrius alexandrinus 0.67+1.15 0.33+0.58 LC
(xi) fil%l Scolopacidae
43 HGVWERY Calidris alpina 625.00+£542.27 107.67+186.48 LC
44 B EVHE Gallinago gallinago 0 0.67+0.58 LC
45 L Actitis hypoleucos 0.33+0.58 1.00+1.73 LC
46 FEELRES Tringa ochropus 2.00+1.00 0.67+0.58 LC
47 575 Tringa erythropus 95.33+93.83 68.67+53.78 LC
48 HIES Tringa nebularia 9.00+10.15 10.67+13.43 LC
49 M Tringa glareola 0 0.33+0.58 LC
(xil) B8 %} Laridae
50 LIWERY Chroicocephalus ridibundus — 1388.00£2166.17  619.33+248.37 LC
51 PEAFIERIS Larus vegae 7.00+5.57 19.00+12.12 LC

SR E 253 J 550 4 5 (SR VURR ) ) 5 B — R =430 00 B 5 — S S S DR 3P PR [ R — G T S PR P W 5 32 0 45 4 AR B THE 5
‘(/k{%fFHfE(IUCN)éI@z SN R E‘J%Hﬁﬁﬁﬁﬁ?ﬁ?@,ﬁ*,*&ﬁ%ﬂ( Critically Endangered, CR) \ﬁﬂfi‘%ﬁp( Endangered, EN) ek
( Vulnerable, VU) I f&#)Fh ( Near Threatened, NT) FIJCSEHF ( Least Concern, LC)
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