J. Lake Sci.(#ia#+5) ,2019, 31(2): 482-492
DOI 10. 18307/2019. 0217
© 2019 by Jouwrnal of Lake Sciences

BEARRAR T AL SRR BRSN

oAz Ak ] A A AR T 2k
(1 P EBREBE KAWL 430072)

(2: P EBEBOKEA Y Z R S R R SRS, BRI 430072)
(3 BT G R , A8 M 450004)

(4 TSR FREE W Ao, #R M 450004 )

(5 G441 PH 7K SCoK G IR B =) , 15 BH 471000)

W OE: AT RONg RS S R B A R SRR T YRR, T 2016 4F 2— 12 XS R R S AN
BOF RIS SR R A JoREMIE 12361 | ,43 F, SEJE T 4 H 9Bl 37 J&. JHg Il oh R i B 28 B 19 Shannon-
Wiener ZAEM:HE 5 Margalef =F & & 45 % Pielou Y47 FE 5 50H1 Simpson H5 8028 AL 75 [l 4391}y 1.75~2.38 .2.44~3.63 ,0.59 ~
0.76 11 0.73 ~0.86. 4535 % LA VG wifa) ] Be i . 45 BRAR 3 LU 72 ( Hemiculter leucisculus ) AWM ( Pseudobrama simoni) M
(Carassius auratus) P47 ( Acheilognathus chankaensis) FEE85 )& ( Rhodeus ) S5 /N B @& 250 3. FE/ AW L
(ABC) £k 7 , R V4 ARl Be A , &l B A 3 fa S VR 1 32 SR TR B2 10 T8 b L LB R A DG f S Ve 4k 1 ™
ETPORE, UM s R A A g R 3. SRTCR T 5 ik e B T SRR 45 SR BRI F I G R, R BB T
TR KU AR T LA, A AR E S pH & R BUHE W TR i SRR 450 25 R0 EESE R . AT G
102 AR BUIR , FE U SR JE KT WA, 1K T I 3 S e, R LR AP X A AR, O R AR G A A LUK S BRI TR
fE e

SRR : B0 PR RS T s ZREEAR R ; RISHETR s TUAR ST 5 T A

Pattern of fish diversity and assemblage structure in the middle and lower reaches of the
Yiluo River, Yellow River

LIN Pengcheng'?, LI Shuzhen’, QIN Xiangchao®, CHENG Weixi’ & LIU Huanzhang'***

(1: Institute of Hydrobiology, Chinese Acadenty of Sciences, Wuhan 430072, P.R.China)

(2: Key Laboratory of Aquatic Biodiversity and Conservation, Chinese Academy of Sciences, Wuhan 430072, P.R.China)
(3 Yellow River Basin Water Resources Protection Bureau, Zhengzhou 450004, P.R.China)

(4. Yellow River Basin Water Environmental Monitoring Center, Zhengzhou 450004, P.R.China)

(5: Luoyang Hydrology and Water Resource Survey Bureau, Luoyang 471000, P.R.China)

Abstract: To understand the fish diversity and assemblage structure in the middle and lower reaches of the Yiluo River and to as-
sess the impacts of human activities on river ecosystems, six fish sampling occasions in five sites were conducted bimonthly in 2016.
A total of 12361 individual fishes were collected in the river stretches, comprising 43 species belonging to 4 orders, 9 families and
37 genera. The Cyprinidae family, representing 28 taxa, accounted for 65.1% of the total number of fish species collected. Shan-
non-Wiener diversity index, Margalef species richness index, Pielou evenness index and Simpson’s diversity index of fish communi-
ty in the investigation regions ranged from 1.75 to 2.38, from 2.44 to 3.63, from 0.59 to 0.76 and from 0.73 to 0.86, respectively.
Fish species diversity in Xicaodian reach was highest among the five reaches. Abundance-Biomass Comparison ( ABC) Curve
showed that all sampling sites were subject to varying degrees of interference apart from Xicaodian reach. Fish communities in Qil-

ipu reach and Heishiguan reach were subject to the maximum interference with the dominant fish species were mainly small-sized
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fish or young individuals of large-sized fish. Redundancy analysis was used to describe the relationship between the assemblage
structures and associated environmental factors. Ammonia nitrogen, total phosphorus and pH accounted for the largest amount of va-
riance. In view of the status of fish species diversity in the middle and lower reaches of the Yiluo River, it was suggested that man-
agers should take steps, such as strengthening water quality management, restoring river connectivity, fishing banning in the re-
serves and conducting habitat restoration, to ensure the ecological protection and river health.

Keywords: Yellow River; middle and lower reaches of the Yiluo River; biodiversity pattern; fish assemblage; RDA; river health
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Fig.1 Location of fish sampling sites in the middle and lower reaches of the Yiluo River
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Tab.1 Physico-chemical parameters of water in the middle and lower reaches of the Yiluo River in 2016

. . NN NH,-N/ TP/ BODs/ COoD,,,/
P G Pl (mgl) (/L) (mgl)  (mg/L)

it 16.9£11.4  40.3+33.1° 8.0+0.2 1.1£0.2° 0.17+0.07° 2.3£1.0 2.9+1.5%
1.5~30.0 8.0~100.0 7.7~8.2 0.94~1.47 0.11~0.28 1.2~3.5 1.6~5.5

Lyopd 20.3+9.6 37.0+16.8" 7.9+0.1 0.920.1° 0.11+0.02% 2.6+0.7 2.8+0.5°
1.8~29.8  12.8~57.6 7.7~8.3 0.80~0.99  0.09~0.25 1.6~3.8 2.3~5.9

e 171113 27.7+15.9* 7.8+0.3 0.6+0.1"  0.14+0.04% 2.8+1.6 4.1%1.5°
1.6~29.4 7.3~52.1 7.6~8.3 0.45~0.86  0.09~0.19 1.5~5.6 2.0~5.8
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1.1~29.5 5.8~39.0 7.8~8.2 0.16~0.44  0.04~0.07 1.1~3.1 1.5~2.2

T4 e 17.0+11.2 8.3+3.8" 8.1+0.1 0.2+0.1" 0.05+0.01° 1.8+0.9 2.3+0.6"
2.2~29.7 4.2~14.1 8.0~8.3 0.07~0.27  0.04~0.07 1.2~3.6 1.8~3.4
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Fig.2 Spatial and temporal variation of fish diversity indexes in the middle and lower reaches of the Yiluo River
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Tab.2 Fish assemblage structure of the sampling sites in the middle and lower reaches of the Yiluo River

2 2 ORI R A A Bt 2 R 45

487

Bt 4 Hi/g R EmiRG/%  BEUSE/% IRI/%
L H # 26931.2 2262 21.90 38.76 35.82
(L 17048.2 1074 13.87 18.40 15.59
i 18931.4 519 15.40 8.89 13.04
fih 26896.9 78 21.87 1.34 12.46
4L A 6141.8 665 5.00 11.39 7.04
A 920.0 350 0.75 6.00 3.98
ik fa 1832.0 219 1.49 3.75 2.53
B E 2% 289.6 147 5.00 46.82 45.73
il 1637.6 3 28.25 0.96 12.89
(L 740.6 21 12.77 6.69 11.45
il 927.1 30 15.99 9.55 11.27
ML fig 44.8 59 0.77 18.79 5.76
% 247.5 16 4.27 5.10 5.51
i 950.0 4 16.39 1.27 2.60
HE5F e 4713 133 5.95 28.60 30.76
piz 1469.6 13 18.32 2.80 13.16
(L 1789.7 68 22.31 14.62 13.15
a 588.2 32 7.33 6.88 7.59
F-Hs Wi g fo 74.0 49 0.92 10.54 6.12
21 B 5 A 796.8 15 9.93 3.23 5.86
5 1100.6 9 13.72 1.94 5.57
fluN a7 425 32 0.53 6.88 4.62
bt 160.8 16 2.00 3.44 3.88
o 594.4 15 7.41 3.23 2.84
W RAR MG 9714.6 939 38.80 28.07 40.43
rhAE i 573.7 792 2.29 23.68 13.46
FLICHER 5941.9 21 23.73 0.63 9.47
foYIN a7 417.0 392 1.67 11.72 9.25
pig kil 3440.3 146 13.74 4.36 6.26
ek fa 332.5 330 1.33 9.87 5.80
AR 307.3 253 1.23 7.56 4.56
il 937.0 46 3.74 1.38 2.87
/NHE 57.1 91 0.23 2.72 2.04
Py ) ML 5766.5 858 10.89 35.74 33.51
i 18196.1 362 34.38 15.08 32.16
rhE 409.7 451 0.77 18.78 8.70
fiig 24816 30 46.88 1.25 8.24
o A il 282.7 209 0.53 8.70 4.43
A 261.3 126 0.49 5.25 4.13
JNHE ) fn 110.9 108 0.21 4.50 1.93
=u i} 821.1 22 1.55 0.92 1.27

WAER T 0, AW L3 BE i 42 5 = BE AR E i 2 AR 52, SR WD 40 6 R 32 2 vp B2 140, 1T BE N (1 26 1 7 1B
W7 P — PR LA AR/ NI S OEH. PR WK T 0, AR AL 3 B 4 S MR 8 T S B A B
B2z b, HAEY I OU S il 2L o T 2 DU i 2R A i, R TR BRI A RS , L3 iy

BT BRI (5] 3) .
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Fig.3 ABC curves of fish assemblage in the middle and lower reaches of the Yiluo River
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Tab.3 Eigenvalues of axes and their correlation

coefficients with environmental variables

Eisan il 1 il 2

FRAFE 0.2030  0.1200
Kk (WT) 0.0653  0.1632
W (WF) 0.3588  0.1741
pH -0.4218  -0.7394
A (NH;-N) 0.8922  -0.009
M (TP) 0.8493  —0.0406
HH A b7 it (BODs ) 0.3923  0.2434
FARFRERFEH(CODyy, ) 0.4606  0.1869
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3 it
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SE[F] BT A AL 1Y 77.9% (181 4) . SR B AT &Rl 1, A
AENARAE R B R 0 2 ) AR L
REAIL & 4k 50 A B, NH,-N TP I pH 2 2B g i T
et ST 4 22 5 1 B R R 7 (P<0.05) (3£ 3).
Forp, 2267 | SAEE 87 ( Sarcocheilichthys nigripinnis) | FL K
M B 111 ( Leuciscus waleckii) ZE R 2RI NH,-N TP ¥ 4%
AR B , 4688 . 5 O 481 ( Opsariichthys bidens ) 25 Fh 25w i

i S0 BERHR  GH I A 25 2 50 B AR STE aof T — 4R (O RAE T A (LT R U 43
AT fa 2 43 B, 2 TR0 AF " RAE (9 26 b, N2 S A0 £ 5SS BEAT T ER I (0 (LA | 2 AR R i R
PR TR -, 5 8 A S B A E s a ep R U £ B B AR Rk 4,45, B B B
W B (F4). ALl GHEI T Y- B R 0 28 S AR HA T EEZ AR A

RN, V8] 0] B A0 SR v 4 A0 SO RV RN 25 AT AT — R B2 5. D7 S0 L, DRl A B 1 BT
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Fig.4 The redundant correspondence between the fish assemblages and the environmental variables

in the middle and lower reaches of the Yiluo River( Abbreviations of fish species are given in Appendix [ )
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Tab.4 Comparison of fish richness among the main

tributaries of the Yellow River Basin

AT 8 A S ] B A8 28 W) b A A% B R

TR WA 2k REE 5%

WF5E X 38

B, SCRAEF (K 15 Fh. G B 7E A U2 vh km o km® R BEREC JCRK
&ﬁ%%@] ABC %&E%,'ﬁi%ﬂ%ﬁ%?ﬁ PR R i 174 15771 43 4.45  AFF5E
Bt B A T 8 T PR , W 34 LU/ £ Y 374 16100 36 372 [23]
KoM E, AR I L N SRS K e 491 30260 12 L16  [24]
BURGFIK T Bt A HZ ok BT 604 39471 31 293 [25]
WA G e RTG B f Bk eek 818 134800 51 432 [26]

YN 485 13532 13 1.37  [27]

BEAARTEAT A B 37 5 7K AR 1) i 6 L R [ %
11 85 R ( Gnathopogon polytaenia ) 55 2%
TE VI Bt A 43 A, s B9 ANIT BE R 0 2 A S5 MR B (W KT 0) . (HIR G SR oRMT T ABF s 1B
ARSI R R R S SR AR ) R SR R AR A N B SRR AL . NI R I SRR R DI REE,
A S e T AP AT T iR I AR S PR Y IR AL
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B A R B R AT B SR K SRR AR R, RS AR R T A M R T L ARG K
SRR IR 0 20 B T T, DX G B A S B R AR R R AR R R R I S B
R BOK R GE , A BE SRR RS B — , LAY JRVD IV By = 13 12 9k RO R P e Yl B R AL X 58 8, L)
TEGEAEARTR] A OMEST AR, IS BT BR VYD IR BT AT , AL 43 A5 A B A0 W, A 58 5 O P A X 8 vy, 03 TG ol B 8 286
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RS H BT B 2 W IR AN IR WZEK @ hR R ¥ AR BB A BOD, 2. 7 st %Rt /R , 2011 44+
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VT 47.7% 9K SR SEI R TR 57 A0 B 98 43 4 0 T P B L0634 7 B
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%, SEURMIE I Kt SRS — 25 SRR, 4007 BT i F i e R
B P+ (1) AR TR PRI AR £ R RO IR . 0 (7]
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SEPE s (3) AU T VR K T A B 45 467 B 53 55 T4 DR T R 50 52 P SR A T B
R IBE SRR 00 5 VA SE 67 5 (4) ISR T 1 B 0 1 5 4K 5 R X0 97 .00 X9
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Appendix [ Fish species collected in in the middle and lower reaches of the Yiluo River

H # E2 P T4 5 LHEE BAC A% RN R
46 H Osmeridae iR R} Salangidae KA Protosalanx hyalocranius Phy
#EJE H Cypriniformes  #F} Cyprinidae O Opsariichthys bidens Giinther 0Obi + +
T B Zacco platypus Zpl
FLERHER fa Leuciscus waleckii ( Dybowskii ) Lwa +
7 HR fil§ Squaliobarbus curriculus( Richardson) Scu +
il Ctenopharyngodon idellus Cid + +
% Hemiculter leucisculus( Basilewsky ) Hle + + + +
JIEANES Hemiculter bleekert Warpachowski Hbl +
ik KA Culter dabryi Cda +
AR LN | Cultrichihys erythropterus( Basilewsky ) Cer +
fifgy Parabramis pekinensis( Basilewsky) Ppe +
10 Sk Pseudobrama simoni ( Bleeker) Psi + + +
ik Hypophthalmichthys molitrix ( Cuvier et Valenciennes) Hmo +
fiff Aristichthys nobilis Ano + +
it Hemibarbus maculatusBleeker Hma + +
PRl Pseudorasbora parva( Temminck et Schlegel ) Ppa + + +
PR fig fifg Sarcocheilichthys nigripinnis( Giinther) Sni + + +
A fif) Squalidus argentatus( Sauvage et Dabry) Sar + + + +
EASGvi ] Gnathopogon polytaenia Gpo + +
THIRA Huigobio chinssuensis Hch +
e Abbottina rivularis( Basilewsky ) Ari + + + +
o fifg Pseudogobio vaillanti Pui +
e fify Saurogobio dabryi Bleeker Sda + + + +
rh Ak i fyf Rhodeus sinensis Giinther Rsi + + + +
[XENE 7 Rhodeus ocellatus ( Kner) Roc + + + + +
ML Acheilognathus chankaensis( Dybowski) Ach + + + + +
0 g £ Acheilognathus tonkinensis Ato +
iy Cyprinus carpio Linnaeus Cea + + + +
fifl) Carassius auratus( Linnaeus) Cau +




Sk 1

H B (i FT 4 4i5  LHEE BAK AR RN A
ik F} Cobitidae LRRESY A Cobitis sinensis Sauvage et Dabry Csi
Jefik Misgurnus anguillicaudatus ( Cantor) Man + +
R R e ik Paramisgurnus dabryanus Sauvage Pda +
fifif2 B Siluriformes 2%} Bagridae WA Pelteobagrus fulvidraco( Richardson) Pfu + + +
IREH M Pelteobagrus vachelli( Richardson ) Pue + +
DGR i Pelieobagrus nitidus( Sauvage et Dabry) Pni + +
I=pie iVl Pseudobagrus ussuriensis( Dybowski) Pus + + +
fifi B} Siluridae Py Clarius batrachus( Linnaeus ) Cba
il Silurus asotus Linnaeus Sas + + +
fifiJ H Perciformes PEEEE} Eleotridae s B £ Micropercops swinhonis( Giinther) Msw + +
HR 40 F} Gobiidae FBEWIUFE 4 Rhinogobius giurinus( Rutter) Rgi + + +
W IRWIUR £ Rhinogobius cliffordpopei( Nichols) Rel + +
J A Mastacembelidae il fifk Mastacembelus aculeatus Mac +
13 #% Channidae 13, fils Channa argus Car + +

TR+ FORE B A )R AR 2 AN



