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Effect of bank type on fish biodiversity in the middle-lower reaches of East

Tiaoxi River, China

HUANG Liangliang', LI Jianhua"*, ZOU Limin', SATO Tatsuro®, KANO Yuichi’

1 Key Laboratory of Yangtze River Water Environment , Ministry of Education, Tongji University, Shanghai 200092, China
2 Department of Engineering, Kyushu University, Fukuoka 8190395, Japan

Abstract: Degradation of river ecosystems and loss of aquatic biodiversity are widespread and ongoing problems. Many
government agencies and various stakeholders now consider river restoration an essential component of conservation and
natural resource management. However, despite legal mandates, massive expenditure and the burgeoning industry in
aquatic and riparian restoration, river ecosystems continue to deteriorate from anthropogenic effects. Furthermore, many
restoration activities have failed in many parts of the world. Erosion of natural riverbanks by boat-generated waves is an
increasingly serious problem on navigable rivers, particularly on the middle and estuarine reaches. To prevent boat-induced
erosion and flooding, the construction of artificial banks using stone and concrete is now common practice in China. Hydro-
morphological river restoration usually leads to habitat diversification, but the effects on fish, which have been frequently
used to assess the ecological status of aquatic systems, have received little attention in China. A field survey was carried out
to investigate the effect of riverbank restoration on fish biodiversity in the middle-lower reaches of the East Tiaoxi River and
provide information useful for river restoration and watershed management. Four bank types- (A) natural bank with aquatic
plants, (B) natural bank without aquatic plants, (C) constructed bank with aquatic plants and (D) constructed bank
without aquatic plants- were compared. An intensive survey of fish communities, conducted in May 2009, yielded a total of
499 individuals, including 32 species belonging to 24 genera, 10 families and seven orders. The fish fauna in the middle-
lower reaches showed that the most species-rich order was Cypriniformes (24 species), followed by Perciformes (2),
Cyprinodontiformes (2), Beloniformes (1), Clupeiformes (1), Siluriformes (1), Synbranchiformes (1). The most

species-rich family was Cyprinidae, consisting of 22 species, and accounting for 68. 75% of total species. Statistical
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analysis, using the Shannon-Wiener Index, demonstrated that natural banks, i. e. types A and B, had a significantly higher
species richness level of distribution than those of type D. Likewise, Simpson’s Diversity Index was significantly higher in
bank type D than type A; while the evenness of the fish community was significantly higher in bank type D than types A or
C. Non-metric multi-dimensional scaling (NMDS) ordination showed that bank type D was distinct from bank types A, B
and C, indicating that the fish community in bank type D was significantly different from bank types A, B and C. In
addition, an analysis of similarities (ANOSIM) of the fish communities showed that bank type D was significantly different
from bank types A and C. It also showed that the fish community of bank type A was significantly different from that of bank
type C. These results suggested that the restoration of aquatic vegetation is crucial to the maintenance of fish diversity during
river restoration. Aquatic vegetation improves water quality and, in addition, aquatic plants, such as floating plants and
submerged macrophytes, provide habitats for other aquatic organisms. River restoration, which involves habitat creation,
can positively affect the structure and diversity of fish communities, halt the progressive deterioration of freshwater

ecosystems and sustain a valuable ecological resource for humans.

Key Words: bank type; biodiversity; fish; East Tiaoxi River; river restoration
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Fig.1 Sampling sites in the middle-lower reaches of East Tiaoxi River
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Fig. 3 The four bank types in the middle-lower reaches in the East Tiaoxi River
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ARHFFE [R5 IR KA TG A0 B, A A 5T X 49 AN RAEG (Ui 1), Hod il 28 A
B.C.D B RFEA N 22.4.18.5 4, 3% K | HACH sensION156 (] € /K . % it . pH, L 53 ) |
HACH2100P (Mt ) LI A 9 EAL ( Phyto-PAM, Walz, Germany) (43R a) il & W Be BALFRR (R 1) .
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Table 1 Physic-chemical characteristics of sampling sites in the middle-lower reaches of East Tiaoxi River

B (%55 g /C AR/ (mg/L) H HER /(ps/em) MU (NTU)
Reaches ( Number) Water temperature Dissolved oxygen P Electrical conductivity Turbidity
AT (1) Estuary to Huzhou city 23.1+0.4 8.27+0.54 8.06+0.26 402.0+42.5 129.5+129.2
5% -9 ( 11 ) Huzhou city to Deqing 22.5+1.25 6.91+1.00 7.64+0.26 322.6+43.3 425.8+306.7
AHt-MizE (1) Pingyao to Yuhang 24.9x1.0 8.42+1.45 7.76+0.48 249.7+57.7 16.8+15.6
23 (IV) Tributaries 24.9+0.75 8.02+0. 87 7.26+0.28 178.1+12.5 22.2+13.4
B (e 3 sRE Ak Jat e 3 [ = =2
B (aﬁ"?) RS 3 a/(mg/m”) RFEKIR/ em I 5E/m BT B/ km Samplin
Reaches ( Number) Chlorphyll a Sampling depth Reach width Distance from estuary . plng
sites number
M-I (1) Estuary to Huzhou City — 74.49+36.45 74.6£18.5 180—260 0—7 1—11
559N ( 11 ) Huzhou City to Deging 46.87+13.75 59.6£17.4 100—120 16—52 12—32
ABi-ZE (1T Pingyao to Yuhang 37.48+23.11 77.3+59.3 70—90 72—94 33—43 46 49
1.5—3

i Tributari 32.12+15.05 55.0+22.6 30—50 . 44 45 47 48

i (V) Tributaries + + BT

IR RS pH TR MUEERIM-28 3R a SORAEK RIS M£SD

http ; //www. ecologica. cn



12 4 BOESE AF R BETUAA RS RN R R B R 3419

1.4 HEabEAsHr T

KR E B | Shannon-Wiener #5 %5 R % E 15 5 5 B HOKR TP M AR H B Rl K AEY 24
PR 228 HRGE AT zzstat v2010 AP ZREMETF R PESEIL T S [R)IAT R 28 TR X 40 28 A ) 2 REPE G R
DIFHIME + brifiZs (X+SD) FRom , RN 2 7 2253 BT (one-way ANOVA) , F LSD #4172 04K, P<0. 05
J 25 R one-way ANOVA Fl LSD 4347 % ] SPSS13. 0 #1441,

JE LR B 2 X B e, 8 Bray-Curtis AR 2 450K A DL S [ , SR P A B4 434 ( ANOSIM, Analysis
of similarities ) F1JC it Z 4EHEF (NMDS, non-metric multidimensional scaling) 73 #7 /A~ [R]30] 52 28 AU i) fa S T %
ZEH 43T R FH PRIMERS. 0 #1400
2 ZER551
2.1 REBP TR

JREARA 499 B, % 32 Fp L, RIET 7 H 10 Bl 24 J& (£ 2), #ILH 24 F, & B4 FhEm)
75.00% ; 85K 0 BEIE 045 2 B 5 S SRR 6. 25% ;misifa B SR 0 6512 0 R H A 1 Fl &
SRR R 3. 13% , BEARRA 2 22 B, G H 035 S FEUR 91. 67% ; R} 11 35 v A0 15 R B (1
) EEERF(1 Rl SR (6 Bl LT B FEER(T B

R2 FEREPTHEXERRESH

Table 2 Fish list and its distribution in the middle-lower reaches of East Tiaoxi River

LEERTIES T 225 Bank types VB Reaches

Species A B C D I m I\

J11% Coilia nasus Temminck et Schlegel, 1846

% Hemiculter leucisculus ( Basilewsky, 1855) +

DUIGH&E Hemiculter bleekeri Warpachowsky, 1887

13k 15 Megalobrama amblycephala Yih, 1955

KIRAESR Sinibrama macrops ( Giinther, 1868)

FAWESA Culter alburnus Basilewsky, 1855

L1 4] Chanodichthys erythropterus ( Basilewsky, 1855) +

8% Pseudobrama simoni ( Bleeker, 1865) +

18 [ 15 | Hemibarbus maculatus Bleeker, 1871

F 140 Pseudorasbora parva ( Temminck et Schlegel, 1846)

A28 Sarcocheilichthys sinensis Bleeker, 1871 + +

PREERY Sarcocheilichthys nigripinnis ( Giinther, 1873) + +

YLV 5 Sarcocheilichthys kiangsiensis Nichols, 1930 + +

R0 Squalidus argentatus (Sauvage & Dabry de Thiersant, 1874)

¥4t Abbottina rivularis ( Basilewsky, 1855)

i Carassius auratus (Linnaeus, 1758)

KBS Acheilognathus macropterus ( Bleeker, 1871)

e % Acheilognathus tonkinensis ( Vaillant, 1892)

TJeotif Acheilognathus gracilis Nichols, 1926

FA Acheilognathus imberbis Giinther, 1868

FAT 8% Rhodeus lighti (Wu, 1931)

FRAEfEERY Rhodeus sinensis Giinther, 1868

BRI Rhodeus ocellatus (Kner, 1866)

FRAELEK Cobitis sinensis Sauvage et Dabry de Thiersant, 1874

KEERNIRHK Paramisgurnus dabryanus Dabry de Thiersant 1872 + + +

A Pelteobagrus fulvidraco (Richardson, 1846)

[B] T /54 f Hyporhamphus intermedius ( Cantor,1842)

H B8k Sinobdella sinensis (Bleeker, 1870)

B Gambusia affinis (Baird et Girard, 1853)

Hi Oryzias latipes (Temminck et Schlegel, 1846)

VPYESEE Odontobutis potamophila ( Giinther,1861)

FBWIHF B4 Rhinogobius giurinus (Rutter, 1897)
Bt S W 1 I EZEA g 5 ILIE 3

+ o+ o+ o+ o+ o+ +
+

+ o+ o+ o+

+
+
+
+

+ o+ + + + + o+ o+ o+ o+

+ 4+ o+ o+ 4
+ 4+ o+ o+ 4+
+ o+ o+ o+ 4+

+
+ o+ o+ +
+

+ o+ + o+ o+ + o+
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Table 3 The comparison of Fish biodiversity among four different bank types

A PR e ES Fy SRR A Shannon-Wiener §5%¢
Bank types Simpsons’ index Species richness Evenness’ index Shannon-Wiener index
A 0.400+0. 296" 4.636+3.215" 0.722+0.346" 1.273+0. 679"

B 0.438+0.487 5.250+5. 500 0.586+0. 508 1.349+1. 169
C 0.560+0. 298 2.778+2.510 0.642+0.411* 0.826+0. 633
D 1.0000. 000" 0.400+0. 548¢ 0° 0°

[E5_ERR PR R R A R ME2E 5 (BRI R T 22004, P<0. 05 ) 5 f7 26 B 455 LI 3

2.3 N[RIAT R 2EB f EREVE AE H S MR

Stress: 0.1
S FETE NMDS HEFF 5 0 T MU 4387 5275, D e
5 ALBLCRESE R (F 4) , ALY 0 a0 s,
D 55 A 1 C Zi4EAE 2 R 35 (P<0.05) ;A B.C % N
T VAT, 42 W = 24T % 6 e KB 4 A A A, (LA L v v
PSR A 5 C 2GR B2 (£4). v T
3 itig oMY
e v A v VV
3.1 BRSTIX R B AR A HT 0e .
ABIFERIRA TARE R F U, 4E L (hHE | oo ©

*ﬂjt%‘{%) PR R T (44.45.47.48)., M B4 AEANFREGBRFEZLENNEESSHEHFE(NMDS)

FEARPEFRIE AN 1, K 0 =W B (1) KA Bk Fig. 4 Non-metric multidimensional scaling (NMDS) ordination
& (ARG UTKAE R V7 A B S HE KA B ) , A 2 of fish communities among different bank types

s B (10 ) DABE K A R 3, K IR R R R

( Microcystis aeruginosa)ﬁ?%?ﬁ[&( [#11) et a S EiRE , ] HE R W YL EE R TR 19 7K A5

REBRIEC ) i (ML) KALEIR (47 48) UUKAE B % £ 5, WA BE 1T Rl ] kB 1 FIAE 3 ] 55 V7 Ui

R A AR XS Y 5] AR ERAA AL . H R (44 45) KA RE WA TR 20 | 77 WA 40 LA e R A 34 b | e 48 i K

BRG] RE N FEOX W BOK AR B g R 5w e ) E 2R 2 —

x4 AREARELEEEEXBHEEMBBMUES T
Table 4 One-way ANOSIM for testing the different bank types effect on fish community

Al 24 Bank types A B C D
A
B 0.147 (0.233)
C 0.252 (0.001) -0.038 (0.645)
D 0.543 (0.019) 0 (0.4) 0.282 (0.029)

RN BE R GEHE, 1555 1 B2 RORT(P) 1R 35 225+ (P<0. 05) (M AT IR

3.2 IR ] B S REE 4 U

£ 5BE NMIDS P05 D 5 A B .C BESERAIF(E14) (0B 15 C BM—H1 JErifE 4 o 1A
FARILE (B 1 C) 52 2T £, B A DA R A9 50 K8 U A8 Poudobrama simoni) —F, BESP, B
55 A B P P 4) TP B SR P SRRE 434 T30 b, Hde SRR o T 46 L
UKL A S ORI (2R AURHIL, NMDS 45 R A 15 C B — Wl (LA L 5P BT 8 P 1
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RS 15 1T HEAR IR (H15) vooRY o
3.3 R TR

BEE 2% FE BT s U T B D A8 52 30T H B35, 10
WAESE E A T A OCTE By R A, KR K HE 22 (EU
Water Framework Directive ) . KX 3 #fi B # #£ 22 ( EU
Habitats Directive ) . Nature 2000, 4= ¥ £ & #: & X
( Convention on Biological Diversity ) #B4 J1] i 1 £4 37 il
KA E S R G A RS BRI AR 200 T 16 52 8 190483 7~ AN [ P 9 16 22y 20 T 3 K R IV S
5 HESH Y5 AN ) AN TR T A6 52 % TE A HE B 7= A AR AL Y Montgomery Fl Buffington #4111 X
TP A 4R 7 261 BRIz R R A A B A 2 e Clanfrani B2 27 IR 5T 56
B 95 5 RF M ZR ALK Champlain 0] AL AS [ TE A5 0 (2 TE T A W) 2 AR PR 052 i, 235 2R Wl s e - TR VR I i T
0] B 2 R e , N TR PRME-DR TR 50 BE 2 R AR, AR R 85 R o AR R P T Il 4 FhOR[H]
TR R 28 AR Y R 22 S W2, A ARTATRE 0 2 6 B | Shannon-Wiener #8805 T A T 5 5 (R H HE 48
BT N 5 55 Ah ) NI 7K A AR YA o B )t SR P 4 M 2H S X ST BEHR 50 ALARTTRE 5N
T ) SR A A 25 5

L5 LTIk I AS B K AR N T K AR AR ) Z AR O A R G, KA AR K AR A= )
PREEE YR B BT A /KT, 20 AT [ E R R WRAB S LR K R R BRI, oK AR A
LRI, T4 = K AR AR S R G R . ARSI RT T Y A A B 2 — | [ AME I A 2548 52 9
SRS E AR T AR R | R A2 A AR S R G, IR E AL T ST AR R W B, 1 22 1) B £ iR
P ARG NEZS A ST SR A8 S TR 0 2 A ) 2R M R R e el G R 2 18 B SR RPN ik

Stress: 0.1

oogp
e e

E5 AREMREEEEEMBTTESRS %487 E(NMDS)
Fig. 5 Non-metric multi dimensional scaling ( NMDS )

ordination of fish communities among different reaches

PRI o
4 Hig

St EE B R BRI R, AR IR T F ORI R AR M, g DR R N O R A e 4 R
HERHA T IHF BRI 41 44. 94km BYPYES I, F 1984 4ETFAR, 20l B4 [ sk bt i, H AT E 35
100 4F— 3B By HEARE , LSS 22 W0 BT R AR AT B SR A in ], e 2ROR T RE X .28 B 5 R i 3
(DS 177 N s s N 1 1= T D 2 171 D N2 SRA B 7/ D AL D) s R S S & N A )
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