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FEE 2 WP IR AR R G0 R U KR K 9 S IR A S5 A R, 01 BV AE AN [F) /K SC R A AR A i B 0K 5 R 48 7 R 21
beta ZFEMEARE]) . NMENTIAEZS RGUSHRE, 73 0 & TR I KA AR AR V2 ST SRR AR K AR 85 £ 2 1 6 beta
Z M (TBD beta J4 111 (D) Al beta 1 25 (D, ) (IS [H] AR 4K, , W] i del fa 58 B2 I8 4§ i v S ot ot — 2Bk
L&A beta 22 FE LR SR STER (SCBD) 5 B0 51 H VR 7K 0 i 7 A= 85 v e J82 7K (7 A8 A O Bt 2R Ao 25 SRR
B, B KA B S5 199 5 7K R /K 2R 5% 0 2R 7 8 beta 2 BR PR (R B IR) 2844 32 252 W) Fh e 2 R O 5, HLIREZK
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3 beta 2 FEPEAR B 1) SR EEY) PR A0 ¥ 1 (Tachysurus fulvidraco) & A EE (Tachysurus longibarbus) ¢ JEHE ) (Sau-
rogobio gymnocheilus) =5 it 4 £ 25 1) SCBD 1£ it K A g 7K AE 453 450 22 Bt P2 ARG o) e 35 5 1 M 1 ( Culter alburnus)
W1 3k 5 (Megalobrama amblycephala) A£8 (Hemibarbus maculatus) 8% (Hyporhamphus intermedius) F14 ( Carassius
auratus) S5 WA AT TR 1K) SCBD B ZK AL 1 [ AIC 350 B S5 T & o i 2K ORTR 7K AR 53 v 1) ) Fil SCBD Fi3 #0722 1k
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TR AE S 240K (entic) F7 7K (otic)
2Rl A 355 2H 1 (Copp, 1989; Wang et al,2019) . it 7K
A 35 E B FEVZ T SR T B S KR, A e
M R A8 2 A “ DU R K 8.7 [ E L= B 3 5 7K i R
SE B TR FTIN I K A 858 32 BRI, 2 A
A KR B PR ARAE 53 (Ru & Liu, 2013 87,2017 .
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T AL 0 2R PR TS L IR A 37 BT, 3 [ AR
RSP AN [ A 25 S L I #1835 (] PR B A
DL 5E Al L 52 B AR v s R 5 A 5 2 (Nunn et al, 2007
Espinola et al,2017) . K& FLR I, 7K A7 22 A2 IK
T2 WP SR KR 7K A= 358 v £ SRR 4 4 R
AFAL 1) 32 EL A & (Junk et al , 1989 ; Tockner et al,2000;
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(Junk et al, 1989; Linhoss et al,2012; Tao et al,2017),
K& BT T Rb se kv 3 R i) 02802 b oA
T A B AL B %2542 3% 0 (Thomaz et al, 2007; FHAZE,
2019) ; B /K AL T B, % A2 5348 0 9 (Nobile et al,
2019), /EAE S JEIVE T Can R 4 i AR A7 23 1] AL
P9 KA A 25 A R T i) £ A 8] 3% 4+ 55 (Mcconnell &
Lowe—Mcconnell, 1987; Nunn et al,2007) , 1 257E 7 )i
A PRI KRR 7K A 455 18] 5SRO B ) AR AF R B BT tHiz
WP TSR 2 CE A%, 201900 X AT 250U b
VT IR R AR AR 2R T AN B R (alpha 224D
Ak BT 7T (8R40 %%, 20165 Chea et al, 2017; Jin et al,
2019), ZE A FR KRR R R AE B (E RA%%E,2019; Wang
et al, 201D FR IS H RHEVE L K 22 57 (beta ZHFE14D , 1]
S L SAE AN T S AR SR (R AT A R

Beta 2 1 3 W 4 HH OR B2 B AN [R) 1 i 18] O 40
FEERE EER, LU B R E R 8] 5% 7 (1 3
WL (Socolar et al, 2016) . H B, BAH FH 1 BAS
AW S beta 2 M 40 i N 56 % (turnover) AR B
(nestedness) P >4 73, 73 5l 2 7 B U 0] X [7) ) b 5
f (loss and gain) F1HL[A] ¥ F 15 2% (loss or gain) [ F2
& (Baselga, 201032013 ; #3055, 2017) o IX P 772
AT DA R e WD #5811 3 2 [) A o 2 il 22 S
()RR 3 A b S 5 AL TG 25 W I Tl % 75 7 2 B A 35
AP TER MM REE . YA Z



86 542 55 6 W) K&

P

AN

2,

¥ R K

SR

2021 4F 11 H

R FCRETE beta Z HEPE IR, B 2 F R A
beta % 1 1 I [A] 22 4k 415 £ (Temporal Beta—Diversity
Index, TBI Wl &1 V& 28 B AE 3 VLI 3 2 1] i 324k
HF TBI 73 fi# 4 beta 32 2K (D) 1 beta 34 /i1 (D, ) #
A7), VLB AL 3 BRI ) M AL B[R] A2 3 4 4 A
3 K ik #2 (Legendre, 2019; Legendre & Condit,
2019) ; 75 4b , % 4 Fh Xt beta £ FE M 1) BT R 48 %L
(Species Contributions to Beta Diversity, SCBD) fig %
ALY AETE X beta 22 1 P K% JR) IS O AH 0 B 24
(Legendre & DeCaceres,2013) , 31 7] N F# 2 17 78
I ¥ R R A AL B AR AL I EDULRT a2 HE AE AR
PRI ke S B AR T R0 (E 2R, 2018)

AT A Tz 1 2 [ A A S v 204 1Y)
X1 —(Liu & Wang,2010) , iX L5338 )i 5K
VLAV, e [R]85 A (i e 22 55
2008; Li et al, 2015) , At SR FE L 1 2 4 10 A 5261
(Copp,1989) . {EHATHIIAITER 15 BT K AL
Ak o T IO P A 3 SR SR (4, 2012) o« AHF AT
IEIUKA AR S KT LR S TR B B
FT X 35 (Wang et al,2019) , 7351 v 5 LU #5812 X 35 P B
IKFMALAK AR 58 Hh 1 T8 beta 2R VETE =i IR /K AL 1A
Z 1B A0 (TBI S W 2H 53 S A2 - P 1 5
BR(SCBD)ZE 5 , AR T A IR L AR A 5o i /K AR K
A3 R AR SRR S5 KL R SR SO R VR G R 22 S
SRR B AR, Itk — 2D Oy AL 126 A )
ST ORI B R E SRR B A R (1 2%

1 #R57TE

1.1 AR R FEARIKE

P P52 (048 PN B2 R <2 G il 7 %) S5 WA . T
KAT AL il K 5 KT % (Li et al,2019), T
AT DX AL AR 10 2T 5 I R L1 58 I
AbCFRBEE,2012;Li et al, 2019) . HEHEHABA 17 2017
FEFN 2018 FE KA I 3R (2 RAK K BE R SR, 2018) 5 1y
KA HAM 2017 4F 6 H 2828 8 H (10~13 m) s /K73
M 2017411 A R85 201841 H (7~10 m) . AABH
1 FR SRR AL 43 50 BT HF 5 65 d F1 31 do

AT LR T 11 8 B2, 23 S AE i K AL
W OKAL =T 12 m (19 8 A FME KA IH OR ALK T 8 m
12 AT e R A . 7R K IR 18 BE ML
51 10 A s ARR K AEBE, FRAEA AL IS T
A 1 K IR ALY 51 8 B 10 AN FE SR AE R K AR B
(B Do A FE s 353 7E T0 K B 7K A R e A K ) I F
WE K3, ELY A R KR A LA T F 28R AR T

BRCREE . H W W B3 R 48— 19 657 (150
m? 5| +500 m? [l X+ N AE, I H 3 cm) o W3R
FFEAHT , WX 087 75 5 FF s (18 BT T35 12 he %9
B R — R MBI T 58 R R IR , 5
KAl 3558% )1 83K (CPUB) 4114 12 h 1 B kR i 3%
o S5 MUk TR CRAS SR, 1995; R B Hi 55
1998 SRAMET S , 2000 Bk H I, 2010 , % KA 2 ) £ 2
FEAIR 5555 8 ZYIFKTIFTHEL, [ I 2% B A
FVARE . B RPEARLRAEAEIR B 10% BIARE /R Epkiat 71
HIER R SEIG = AT . KPR IC R B, T 2
J&E 23 R G3A AR B (IR 22 PR D

il Al
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Fig.1 Location of the sampling sites for fish

collection in lotic and lentic habitats

1.2 #HELE

1.2.1 TBI4§ % K & D, 1 D, 4 % TBIEHIEF
Bray—Curtis £ 55 5506 % HE V% V0 R 28 i S - 2 2
7 IR TR) AR £k ¥ DA S & 5 [FJ B, TBI 8 $0AT %40 A beta
& 5K (Do) Fl beta 3 111 (D) B A4 57, BRI ) 3%
SN FRAG I 7] 3 BUHE V& 25 K4 (1) I8 8] A2 4K, (Legendre
2019; Legendre & Condit,2019) . TBI &% & D, .
D, 2057 A KR

B, C,
TBI= Z X i z X =Dloss+Dgain @
YRS YRS
D]oss= ZBI @
2Y A+ 3B +YC
sc N

Dgain_zzA[ + ZB[ N ZC[

A AR IRAE I A (T, A0 T ¥4 3R A i

(AR E BN C, 23 I ARR YA i 4E T, A0 T, I 391 AH 82
T — A2 RPN AR (Legendre,2019)

1.2.2 SCBD & # #1552 Hellinger %4 {1 1) Fh

% & 75 () 43 A7 R B 1R e 7 22 (SS) , BRI %)

Fh g 22 i o 07 ZE I LU EE, n] RIS YRR KT beta 2 4
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P [ 5T Bk 48 % (SCBD) (Legendre & DeCaceres,
2013;Legendre & Condit,2019), THHEAXWIT:
SCBD=SS,/SS @

o SSARK I i ERE TR T 1) B 3 227 T
SCBD {H Bk K P A, of B V& beta 22 R () FH XS 85 22
PR (T 22HR ,2018; Tan et al,2019)
1.3 BRSNS

3 T SR K AL 7K A B e 2R VR TBI AU
KA} Dy Do N T 0GR R A
FE AN J oK S L 22 5 1 8 2 1, B PERMANO-
VA 5 #1 (3T Bray—Curtis Z 51 250, Bk E 0N
9999) 73 Al K B8 i AK AL K A2 B8 H Doy T Dy 4533
(B 22 5 Bt o 20 DR i K RN 7K A 5 £ SR VR
Dy D BEATINE 7387, I 5 Dy =D g Bl CHFR“B—
C”) (Legendre,2019;Legendre & Condit,2019) H1i
JiR RS R LR LU, f e S B TBL AR AL 2240 5
AT R E 2R 7 1 s 3R 3 B Y i g in i AR
) TBIE BB (D)0 <Dy, + LT X R ELZE R J7 1
RUNARER TBI 48 25 3= S 32 1) Fh e 2k o B8 52 i () 3
(Dyo>Dy) o NIE— 28 NV 2 18 48 58 58 %) B
% beta 2 FEPEA J5 I DTHR , 43 700 vF SR K AN K AR
B AE S 7K A7 ) B #8125 1) SCBD $i5 4, I & H M
f=1 7K A2 Chigh water level, HWL) 1 % Ik 7K £ (low
water level, LWL) ] ] %4k, {6 CASCBD = SCBD ,; —
SCBDyyw1) s 55 433l FH K AT K A2 B o 2% f1 25 1Y)
% & Ak & AT ASCBD 34T [31 V5 3 4, LR T4 Fh
ASCBD 5 Z JE AL R IR A

TBI4RHU S Do M1 D, KI5 73 75\ Dy =D
¥ £ 41| Fl SCBD #& % (11 i1 5 ff F “adespatial” 1
(Dray et al, 2017) 7£ RStudio % /F ' 5¢ B (RStudio
team, 2018) . PERMANOVA £ % F1 1] 5 4 #7 38 it
PAST #4523 (Hammer et al, 2001) .

2 HRE5HM

2.1 BETBLISH KD, D, A5

KRR K AR B 1) TBLAE 273710749 (0.92320.034)
F1€0.909+0.047) , 32 BAA [F) A= 358 #1 S HE T 2H i AE KA
TRJERAE TERB(ED. BEERZIBEL BKE
Bi A AL 1) beta 122K (D, ) Fl beta 3G 11 (D, FISEE
ZERANEE(P=0.24) MK AESEH D, REKT D,,,
(P<0.05) HIER Dy =Dy BT I K (K 2-2)
FRE K A= 855 (] 2—b) 1 K HETR beta 22 AV 1 1R AZ 4L,
FEZ YIS L (D, >D ) TR S
F1 FoKEoK S @ XBEEN TSR D, FD,,, A5

Tab.1 TBI, D, and D, of fish community in the
lotic and lentic habitats
i FK RS KA
£y
TBI D D, TBI Dy D,

SPYIE 0923 0507 0416 0909  0.588*  0.322°
FREZE 0.034  0.171  0.164  0.047  0.214 0.223
w/ME 0872 0.150 0261  0.826 0230  0.113
WA 0982 0716  0.769 0968  0.823  0.738

= bR a Mlb FoREARRIAE o Dy (D, TREUE A B
ZER(P<0.05),

Note: Superscript letters a and b indicate significant difference in the
mean values between D, and D, in the corresponding habitat (P<0.05).
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Fig.2 D, ~D,,, plots of fish communities in lentic (a) and lotic (b) habitats

2.2 ¥ SCBD 53

T I SRR KR K AR B i AR KA R B S 1Y)
SCBDHE#ZEE , A IS ASCBD(E3). 7] Wi
TR AR R Culter alburnus) JAEKT (Mega-
lobrama amblycephala) At (Hemibarbus maculatus) «

ik (Hyporhamphus intermedius) T (Carassius auratus)
ST ATRYYIRN) SCBD BB R/ AL R g n ; i s
(Tachysurus fulvidraco)~ ¥ 21l # (Tachysurus longi-
barbus) ¢ J& ¢ fif] (Saurogobio gymnocheilus) %5 7]
T A0 2R 1) SCBD 47 E IR KA TR .
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Fig.3 ASCBD values of each fish species in the lentic (a) and lotic (b) habitats

2.3 ¥ ASCBD 5% BT L EWHEXE
FrK A BRI K A B8 1 25 % AR 4k B 5 ASCBD
(e 2 WK 4. B W2 F A b 2R 2 LR

0.11
(a) B

H ASCBD %18 ¥ 2 % & 3 1E A1 ¢ 5% & (P<0.001) ,
Rl 2 AR AL R P Fh , 3 FEVE beta 22 B A TR R
LR

0.1 1

(b)
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Fig. 4 Correlation between fish abundance change and ASCBD in lentic (a) and lotic (b) habitats
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3.1 & E beta SHMHMZHT

ST IR Rz M- AR 2 VLI 2
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AL FE (Junk, 2005 ; FHASE,2010) . #4253 1) 20
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Bt FETE (1) 7] J AL (beta 2 REVE PR L K AL T B



2021 5 6 1]

WA E AP IR 02 PR SR 5T & K beta Z S 89
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B ,2018; Tan et al, 2019) ; [Al i, A FE th R B,
%5 SCBD WM £ FE AR 4k i 3% 1EAH G (Legendre
& DeCaceres,2013; Tan et al,2019) . [ EL KB HL, #
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Beta Diversity Dynamics of Fish Communities Inhabiting Typical
Floodplain Habitats Driven by Water Level Variation

DAI Bing-guo, WANG Chao, JIANG Zhong-guan

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

Abstract: The floodplain ecosystem consists of two typical habitats, lentic and lotic. Previous research
has shown that the beta diversity of fish community structure in the lentic and lotic habitats of the
floodplain undergo drastic changes, driven by changing hydrological regimes and flood pulses. Differences
in beta diversity indicates differences in both species richness and abundance of the fish community. In
this study, Caizi Lake basin was selected as a case study to explore the dynamics of these ecosystems. The
temporal changes of overall beta diversity (TBI), beta gain (D,,,) and beta loss (D) of fish communities
in the lentic and lotic floodplain habitats were analyzed in the wet and dry seasons. Further, key fish
species that respond profoundly to flood pulses in lentic and lotic habitats were identified by calculating
the Species Contribution to Beta Diversity (SCBD). We aimed to better understand the influence of
periodical water level variation on fish community structure in the lentic and lotic habitats as well as the
dynamics of key fish species that lead to differences in community structure. Caizi Lake is connected to
the Yangtze River by Changhe River and Zongyang sluice was constructed at the Changhe River cove in
Caizi Lake to regulate the lake water level. Based on the sluice water level record, fish sampling was
carried out in August (high water level) and December (low water level) at ten sites in both the Changhe
River (lotic habitat) and Caizi Lake (lentic habitat). The body length and body weight of all specimens
were measured, and the species was identified. Results show that the periodic water level fluctuation
resulted in dramatic migrations that alter species composition. With declining water levels, the overall
beta diversity (TBI) of fish in both lentic and lotic habitats decreases. However, D, in the lotic habitat
was significantly higher than D, (P<0.05), indicating a dramatic decline of lotic fish resources. During
the period of receding water level, the SCBD values of riverine fish species, such as yellow catfish,
(Tachysurus fulvidraco), long—bearded catfish (Tachysurus longibarbus), and gudgeons (Saurogobio
gymnocheilus) in both lentic and lotic habitats decreased. However, the SCBD values of some lake
residents such as grass carps (Culter alburnus), Wuchang breams (Megalobrama amblycephala), spotted
steeds (Hemibarbus maculatus), Asian pencil halfbeaks (Hyporhamphus intermedius) and crucian carps
(Carassius auratus) increased in both habitats. There was a significant positive correlation between changes
in species abundance and SCBD (ASCBD) in both lentic and lotic habitats (P<0.001), indicating that the
changes in both fish community structure and abundance that are triggered by flood pulses can influence
variations in beta diversity. In general, variation of the hydrological regime affects the beta diversity of fish
in lotic habitats more than in lentic habitats, so conservation of lotic habitats should receive preferential
treatment.

Key words: water level variation; floodplain; beta diversity; species loss; Caizi Lake



