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Tab. 1 Specific date of water and sediment regulation (WSR) and
sampling at each spot

AL WK H
Sampling spot  Date of WSR
B3 Juancheng 2019.7.3—20  2019.6.15—17; 2019.7.22—23

2020.7.8—24  2020.6.10—12; 2020.8.1—2
2021.6.22—7.10 2021.6.8—9; 2021.7.13—14
2019.7.4—20  2019.6.17—19; 2019.7.23—24
2020.7.9—24  2020.6.12—14; 2020.8.3—4
2021.6.20—7.10 2021.6.9—10; 2021.7.14—15
i Gaoging  2019.7.6—20  2019.6.19—21; 2019.7.24—25
2020.7.10—24  2020.6.14—16; 2020.8.5—6
2021.6.25—7.10 2021.6.10—11; 2021.7.15—16
2019.7.7—20  2019.6.21—23; 2019.7.25—26
2020.7.11—24  2020.6.16—18; 2020.8.7—8
2021.6.26—7.10 2021.6.11—12; 2021.7.16—17
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Sampling date
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Fig. 1 Sampling spots in Shandong section of the Yellow River
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Tab. 2 Distribution of sampling spots

H Bray-CurtistH U R B B, K AR & 2 4E 5
BX 3 /N

- H/NRIE
K A i 7354 A IK R
Sampling  Serial Longitude Latitude  Distance from
spot number (E) (N) Xiaolangdi
Reservoir (km)
L1779 115027’ 35039
Juancheng 1 16002"E  44.508"N 309.5
, 116°13' 36°10'
ZfDong’e  H2 134447 12.013"N 4133
—— . 117°48' 37°16'
RiiGaoding  H3 449490 12781"N >84.8
B . 118°30’ 37°36'
MlKenli — H4  s0o0r  3agieN 676.8
#=3 EKECHIERRERELR

Tab.3 Summary of catch data before and after WSR

fifir KA 8] HE HE(R)
Spot Sampling time Weight (kg) No. (ind.)
H1 BW 22.73 122
AW 32.71 165
H2 BW 46.36 178
AW 75.46 558
H3 BW 19.08 101
AW 26.26 120
H4 BW 37.01 76
AW 36.77 92

VE AWK /KR G ; BWRE R RTCT £ H)
Note: AW stands for after WSR; BW stands for before WSR
(the same applies bellow)

AR LB
X R A SR AR ) AT 4T AR, I

J& 43 #r (MDS)5 55 2% 58 25 73 #r (CLUSTER) R Hif 72
VR SRR 25 18] 22 53 o (RIS P e 2R 3 (Stress) ok
T EMDS 4 S KIS, — AN 240.1<stress<
0.28F, °] FHMDS 4k s %R, B —E R 2 3
240.05<stress<0. 15}, HEF 3 B HE AR T {E; Ystress<
0.05HF, MDS 4k 5ii I X v 45 A HE v B A R U 1)
R, SR AR T 43 B 43 HT (SIMPRE) B
Ui AN [ 2EL T D) T v 235 A A S 10 4 Bl 15 3 e
TR BEVE A5 AR AL s TR AR T ZREME T
%2 MK FIPRIMERS.0F1EXCEL20 104 4 58 1%,
MR I 22 5 R LR R 7 20 HT(Oneway -
ANOVA), FLIRZJ5 25 4381 43 48 FHRIE 5 7 Vegan
A 3E4T, B 4 3 ARCGIS10.2 5% PRIMERS.0
TR

Je %o
IME RN E T 53 4 X R A A B
Pt AT a3 Hr(DCA) B IR, JHEN 3 HT B Fh i
NIRIE>500, 244 %l FE K (Lengths of gradient)if
WY o 25 4 Tl d KO BEAB /N T 30% FH Ze M A Y
(Linear model), #7 K45 T4 H #LIEAR A (Unimodal
model)™”, 45 H IR & HEFE MBI (NT3),
WAE FH 26 1 20 R A3 AT A B RDA . O PR UE 208 1 1
A, FTA BRI AT 1g(e D)%, RDASMHTH, 2
ot P45 A i HE AT % (Forward selection), F46: 46 2%
A B DT A B MGG RIS B R SR, Monte
Carlo permutation test, 499 7O DCA. RCAYFE
HCanoco5.03E17 .



892 K& A& Y ¥ 48 &

2 R

2.1 FARRESER

T Ll ZR B ) 482810 H 208} 597 (WL
Fy. Horb, 8878 H 02535, 560.3%; % H o,
5 15.5%; il H 4%, 176.9%; S H 3%, 175.2%;
i 7 H 20, 53.4%; H AR & H ¥ N M, 00 b
1.7%. M2 AKZE AT 53 y: vh B R 2K, a0 )] 5
(Coilia nasus)~ #%(Hypophthalmichthys molitrix)~ %
(Aristichthys nobilis), 7 S PP K 139%; H T Z
%, Wil (Parabramis pekinensis)<%, 523%; JiKJZ
12, Wl Carassius auratus)~ #(Cyprinus carpio)
S 538%. FETER )y WL, WS 85 (Channa
argus)Z, (5 M FhEE37%; Fa T, WA (Cleno-
pharyngodon idellus). i %5, 15 14%; # & ¥, W
R, R 545%. 4% GRS ALA] 23 g U O,
L ¥ 59 th (Pelteobagrus fulvidraco)Zs, 15 52%; 1= %h
PEOE, anfi . BREE, 5 19%; PR, w1, 5
555, 15 7%; PO O, Wi, R AR (5 22%.
WE Ak, BT L AR BB S X R A RO B 2%,
o EVL P R AR SR, s An B L SRS,
F=FRME G m L, ., 815 AN
TFIRE G, b7 PR E SRS IRV A
HEFRHIR 4.
22 RB#

CEORTE, VKAV RT 5 AR R 2 A
K, WKV R E MO8 G, 6E IR AR
(Squaliobarbus curriculus)~ ¥ W & (Culter albur-
nus)~ %1 8 (Mugil cephalus) %% (Liza haema-
tocheilus), TR NG (Silurus asotus) . ZLEE )R
#fi(Culterichthys erythropterus)~ fif. 28, Z(Hemi-
culter leucisculus) L (Pseudobrama simoni) Y6
e U (Tachysurus nitidus). V7K VY 5L F
Dot . 6. JRAR 6L, B RO R, 268 )5
fif . HMEED, 6. R, B, D68 &, S5 HE
U (Tachysurus ussuriensis)~ A8 J65E 5 81 o
23 ZHEMEH

WRER sarm, & Wi 2 PR B £ E
FEFB B (R)FE VR /K S5 3w TR K|, WK R R H'
JFIRSY 5 9 1.84—2.18. 0.66—0.73F12.53—3.52,
WK JE H2.07—2.57. 0.62—0.73F12.85—6.28, i
7K JE H2 W7 ] %% BB A 51 B i il =TT 257
M, KRG H' 2 7 52 35 (0.01<P<0.05), J'Z2 5 AN
2.3 (P>0.05), RZ 723 (0.01<P<0.05).
24 BEERESHISHR

MR4E F LA R AR E R, B 22850 L R

Bt TR VK 45 FCLUSTER 38 25 73 45 51, 1 7K 3
YR JE B L 2R Bt SR TR A R AE AR ALK T 945%
i AT LA 23 9241, KR YD S5 AR B W T (AH2) 5
At BT T A EU B A R I 22 S AR LK ST D9 60%
A LA oy Nad, 43 N AL BR(AH3 . BH3AIBH2).
BB (AHIAIBHI). CZ R (AH4RIBH4)., D4 #
(AH2), SIMPER % #T &7, AZH (1) ~F S0 A AL 2R
F 4 EFYENEEES

Tab. 4 Index of relative importance (IRI) of the main fishes

FiKSpecies 1l 7J<§J\%K}I’/]‘ﬁﬁ i 7KA1L}§J’/“E
il Carassius auratus 1403 2148
fili Parabramis pekinensis 2698 1363
8 Cyprinus carpio 1297 1041
IR 8Squaliobarbus curriculus 2291 1028
il Silurus asotus 936 996
i’Jr_y ﬁﬁ E fli%qltertch thys 489 938
FUYERA Culter alburnus 1471 739
fif Aristichthys nobilis 386 711
50 Ctenopharyngodon idellus 1596 679
i Hypophthalmichthys molitrix 589 618
1§ Mugil cephalus 1122 865
% Liza haematocheilus 1072 455
58 Channa argus 522 537
# Hemiculter leucisculus 388 269
;‘%SSJ;J” %ﬂfi Tachysurus <100 494
LM Pseudobrama simoni 323 395
FeFE 4 Fih Tachysurus nitidus 212 331

RS FKEIAIEELEEHESHMER
Tab. 5 Diversity of fish community before and after WSR

gﬁﬁjﬂaﬁﬁ H1 H2 H3 H4

Index of diversity BW AW BW AW BW AW BW AW

H 1.98 2.19 2.18 2.57 1.87 2.07 1.84 2.23

J 0.69 0.73 0.73 0.63 0.66 0.62 0.71 0.69

R 3.28 538 3.52 6.28 3.15 4.01 2.53 2.85

AH3

_| BH3

BH2

AH1

BHI1

AH4

BH4

) - - - AH2
40 60 80 100

AR Similarity

Bl 2 YU 2D Tl BT 1L AR BE i S v 45 4 CLUSTER J3 #t
ESEN

Fig.2 Results of CLUSTER analysis of fish community struc-
ture before and after WSR
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60.66%, FFAEFI LG R FMEA0 . FRIREE, 82, 1L
fifg %, JX 6Ff 0 24T 20 PN S S5 A AP 1) 2R Tk
2 955.90%; BZHHE 1 ) AH B2 5 66.38%, FEAE Fif
ARG B, G B KR P R AR A B
TF DT R %6 60.66%; CZH 1~ 35 A5 BL %6 H 68.48%,
FRAEPDCLFEEE ., 6. HMMEER. . 62, X2 AT
AHABUPE ) B 1 DT R K N 65.58%. B 3AARMLE N
60% ~ IFIMDS 7 #2553, W50 R B (stress=0.11) 2 A
— & IR R o
25 IMEEWET S
F 6NV Ja £ BB, B A
T B A O N LE L ER R 7, B 49 E BB [A
THZREMREL PR R e E Sk
f7 2 Al IRDA S BT 45 J . HL i ik i 54N g2 [ -7,
N pH (15.1%). TP (14.3%). Flow.v (14.1%).
Stress: 0.11

BH4
B ‘

BH2

Kl 3 MDS#HHié#
Fig. 3 Results of MDS analysis
AHACER KD 5 Az, BHACZR I K Y0 A o
AH stands for the spot after WSR; BH stands for the spot before
WSR

Chla (13.7%)~ TN (12.8%)3L [F f# B T 70%15 & o
FH P AT, pHAS R A 0 1 ) A I SR PR B g, TP
Flow.viT ik R = s iy B K H S5 H. RAFI AL
FHOCTERC R, Chl.a S5, 6. 1049 m oe e
S 3l 7 43 A 5 L R T O &R A B A A, pHR
T BRI Ss A 1 2 e R B e R SR I Tk o, T R K
HKFTEEA2 52 TP Flow.V. ChLaMITNRIEEmE K.
3 Wig
31 HALRE&REERZHMIR

AR YR A L AR B R U B 0 2R 10 H 208}
59F, i T 20084F i 75 $ #4180, 84 040 3 10 £
REEH S B, T, 8N 6 (Hyporham-
phus intermedius) 2% . ZFMETRECRR R T E
ST AR B, K RT 2 REME SR 55 201 14 7 iR
FHEEAN 2 (P>0.05) 1T 7K G L5 2 (0.01<P<0.05) .
48 DX ] BEAE 1) P o, AR TR B A R E TR
Bk PEBL (55F0) . 1L PE B (42Fh) T RS BL (428
T2 B QoM Y, Horh ) R B L R B
Fle BB MBZ R BURR R T Z 0 B, 1l
RECR KRS 1 2 FE R AR 3 T BRI BE(0.01<
P<0.05), 57 B A EL, /KBTI 2 AR FE B
A2 (P>0.05), T 7K 5 22 5 45 2 1T R B
(0.01<P<0.05)" "o M4l B 471 £ 23 47 9 A IR V0
A JE B I AR B R AR ), B, 6. SRR
il SPEUEBL(E. . 6. 6, L PE B, fif,
iy, Fffa), THEB(EE., 8. FLIRMEY ), 7
B, . AR, SRR R S R e,
XA R A A B A B A AR . 48 b
Iy M, BT AR B 2R . 2R B TR
B. ATREER, 1X 5201081201 174 I A H0E — 54,

6 AN EIRTERE TR
Tab. 6 Environmental factor data before and after WSR

iz Spot B A Time  Flow.V (m/s) T(C) DO (mg/L) TP(mg/L) TN (mgL) Chla (ug/L)
H1 BW 1.07+0.31° 18.5£0.2  8.1x0.09  6.12+2.03 0.11%0.005" 3.8+1.7 2.76+0.74
AW 3.85+1.31° 18.4+0.3  7.8+0.11  6.68+2.21  0.035+0.01° 3.97+1.5 2.1240.65
H2 BW 1.030.23" 188403  8.1+0.12  6.44+2.13  0.056£0.02°  2.8+1.31" 2.94+1.01
AW 3.9241.32° 18.6£0.1  7.740.13  6.56+1.98  0.032+0.01°  7.2642.4"  2.230.66
H3 BW 0.87+0.26" 18.120.1  8.7+023  6.61+2.23  0.031z0.01" 2.4+1.0 3.16+1.13
AW 3.68+1.43" 18.2+0.1  8.1+¢0.11  6.13+1.89  0.028+0.01° 3.1£1.2 3.11+1.05
H4 BW 0.84+0.11° 18302  8.2+0.12  6.63%1.13 0.025+0.01 2.4+0.9" 2.88+0.88
AW 3.65+0.12° 181202  7.7+0.11  6.79+1.89  0.024+0.01 10.742.3° 1.17+0.65
AALTEH BW 0.84—3.85  18.1—18.8 8.1—87 6.12—6.63  0.025—0.11 2438 2.76—3.16
Variation range AW 3.65—3.85  18.1—18.6 7.7—8.1 6.13—6.79  0.024—0.035  3.1—10.7  1.17—3.11

A AR BRSO P RIS 2 5 B35 1R (P<0.05)

Note: Different letter superscripts indicate significant difference before and after WSR (P<0.05)



894

KR R

48 %

T 3T 1OAF R BT L 2R B R A S 5088 I, 22 FE 1t 45 4K
WA R E R G, A H R (DK IED T
it B 9 TR i B R R B RS B R BRI T AN AR
i, FHAE N TR LA BV G S, 15 55 HLAL
. K EWE (Rhinogobio nasutus)% . (2)ILJLH AR
S5 T ) AR A R, 8 AR ST R SRR

(€ LI R R DA 7 N T

3.2

LS RSO ESGIIE RS 3= R i) SV EZ =2

FAEVENS J=) e 22 FEPE RS20 2 2R DU LA
T3 (DXL SR A w2 DA B
iR 218 JREN AR SR R HRY, i mT WA AR YD
I BA R K E AL RBOY R B .
(EL KD I 8 3 DU AP B 54 B 22 R BCK, 4
AR HcRE L EE G LR KR YD IS BT T
7R MR A5 40 S04 L T e, AN TR 7K I v 391 1) ey
T D B K T A8 S 0 N B i ) v B R

PR ST, T ALAE BRI 3 (1) B
MR DA b o Hr s SR, KR VDX B ] Ll AR B B8R £ 8 AR Sk R SR B RO B A A, B
1.0 +
BW30O
LHaemt )
BW4 O / pH CCarpio
AW4
© Cldell
PParva CAlbur,
"""" = PPekin
/ ) Chl.a
AN \ HMolit
T )
. HBleek Dabry ANobil
CArgus
CAu t 2V PUssu OAW3
(@) Flow.V
BW1 SAsotus ' PNitid Xdrgen
SpeNo. O
HLeucs SCurre AW2
-1.0 F, PDabry .
-1.0 1.0

K4 i B 5 EA R [MRDAHER K

Fig. 4 RDA ordination of species information and environmental factors of each sampling section

=7

AR EIARAEXRERILL

Tab. 7 Comparison of key results of the Yellow River reach survey in different provinces
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FISH COMMUNITY PATTERN AND DIVERSITY AFFECTED BY WATER AND
SEDIMENT REGULATION IN SHANDONG SECTION OF THE YELLOW RIVER

CONG Xu-Ri"*’, LI Xiu-Qil’z, DONG Guan-Cangl’z, SUN Lu-Fengl’z, KE Han"’ and REN Yi-Ping3

(1. Shandong Freshwater Fisheries Research Institute, Jinan 250013, China; 2. Scientific Observing and Experimenta Station of
Fishery Resources and Environment in the Lower Reaches of the Huang River, Ministry of Agriculture and Rural Affairs, Jinan
250117, China; 3. College of Fisheries, Ocean University of China, Qingdao 266003, China)

Abstract: To practice the ecological conservation and high-quality development of the Yellow River Basin, the species
composition, biomass, dominant species, biodiversity and environmental factors were surveyed at 4 sampling sections
in Shandong section of the Yellow River before and after water and sediment regulation (WSR) in June and July by
multi-mesh composite gillnets and ground cage nets. The results showed that 59 fish species, belonging to 9 orders and
19 families were collected in Shandong section. The dominant species changed non-significant before and after water
diversion. However, there were significant differences between Shannon-wiener index (0.01<P<0.05) and the Margalef
index, but Pielou index showed no significant difference (P>0.05). Cluster analysis showed that all sections could be
divided into four groups when the similarity level was 60%, among which the Dong’e (AW2) section displayed strong
difference after WSR. Furthermore, RDA analysis indicated that velocity and TP were the main factors affecting
community structure. Based on the results, we found that the species number and Shannon-Wiener index significant
increased in Shandong section of the Yellow River over the past decade. This positive trend was attributed to fish
following the water and sediment regulation and residing in the area between Dongping Lake and the Yellow River,
characterized by slow flowing water, abundant baits, and low sedimentcontent. Additionally, the stabilization and
normalization of the Yellow River runoff had transformed previously dry section into habitats rich in water, effectively
forming a river inlet for fish. Moreover, the irregular opening of the sluice in Dongping Lake not only enriched the bait
species in Pangkou Inlet, but also provided a path for fish, such as Coilia nasus, to enter the Yellow River. In view of
the fish community structure and diversity in Shandong section of the Yellow River, this study recommends implement-
ing environmental restoration in Pangkou Inlet, enhancing the protection of rare species, conducting research on
endemic species, maintaining stability of the Yellow River runoff and optimizing flow management in Shandong
section of the Yellow River to ensure a more scientifically guided approach.

Key words: Shandong section of the Yellow River; Water and sediment regulation; Fish community; Diversity; Envi-
ronmental factors
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MiF S1 BMLREBEER
Appendix S1  Fish species recorded in Shandong section of the Yellow River
Tk EBRM Hl H2 H3 H4
Species Ecgllfi)fffsc 4 TBw AW BW AW BW AW BW AW
81 H Cypriniformes
i Bl Cyprinidae
#1317 &l Culterinae
SUMEGH Culter alburnus V,C,U + + + + + + + +
21468 J5 BiF Culterichthys erythropterus V,C, U + + + + + + + +
1A Kt Culter dabryi V,C,U + + +
2 Hemiculter leucisculus D,0,U + + + + + + + +
1 IR& Hemiculter bleekeri D,0,U + + + + + + + +
LU Toxabramis swinhonis D,0,U +
[413k i Megalobrama amblycephala V,H, L + +
fifi Megalobrama skolkovii V,H,L + + + —+ +
i Parabramis pekinensis S—P,H,L + + + + + + +
W53 4 Pseudolaubuca sinensis S—P,0,U +
il IV £} Cyprininae
il Carassius auratus V, 0, De + + + + + + + +
8 Cyprinus carpio V, O, De + + + + + + + +
S 1 7 F Leuciscinae
IR 8Squaliobarbus curriculus S—P,0,U + + + + + + + +
F i Mylopharyngodon piceus S—P, O, De +
A Ctenopharyngodon idellus S—P,H,L + + + + + +
i 3 F} Hypophthalmichthyinae
i Hypophthalmichthys molitrix S—P,H,U + + + + + + +
i Hypophthalmichthys nobilis S—P,H,U + + + + + + + +
fif] I £l Gobioninae
F 4 Pseudorasbora parva D,0O,L + + + + + + +
WAt fAbbottina rivularis D, O, De + + + + + —+ + +
41 & Sarcocheilichthys sciistius D,O,L +
e 47 Saurogobio dabryi S—P,0,L + + + + +
145 Hemibarbus maculatus V, O, De + + + +
K EW) i) Rhinogobio nasutus D, C, De +
B 87 Squalidus argentatus S—P,O,L +
fiff 2 7. F} Gobiobotinae
SPEE# i Gobiobotia homalopteroidea S—P, C, De +
fif5 IV £l Acheilognathinae
T A3 Rhodeus ocellatus D,0,U + + + + + + + +
FR ARG Rhodeus sinensis D,0,U + + + + + + + +
KigtfiAcheilognathus macropterus D,0,U + + +
MY Acheilognathus chankaensis D,0,U + +
i) 7. F} Xenocyprinae
LAt Pseudobrama simoni Pe, H, L + + + + + + + +
ER4H Xenocypris macrolepis S—P,H, L
ik F}Cobitidae
Vel Misgurnus anguillicaudatus D, O, De + + + + + + + +
KR Vet Paramisgurnus dabryanus D, O, De + + + + + + + +
LB RV 8 Parabotia fasciata D, O, De +
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Tk HERAY Hl H2 H3 H4
Species Ecglll?fgcf: 4 TBW AW BW AW BW AW BW AW
K Leptobotia taeniops D, O, De +
%)% H Siluriformes
%} Bagridae
T H A Tachysurus sinensis D, O, De + + + + +
HeFE # Fit Tachysurus nitidus D, O, De + + + + + + + +
55 B3 Tachysurus ussuriensis D, O, De + + +
fif Bl Siluridae
85 Silurus asotus D,C,L + + + + + + + +
#AtE R} Clariidae
RVT R Clarias gariepinus D,C,L +
figk 2 H Clupeiformes
it Bl Engraulidae
JIt% Coilia nasus Pe,C, U + +
#£ )% H Salmoniformes
K £ Bl Osmeridae
V8 A 1 Hypomesus olidus V,C,L +
i1 Bl Salangidae
KIIHTER . Neosalanx taihuensis D,C,U +
R [E K 4R 4 Protosalanx chinensis D,C,U + —+
#i§ 7% H Mugiliformes
fifi Bl Mugilidae
1% Liza haematocheilus Pe, O, U + + + + + +
i Mugil cephalus Pe, O, U + + +
/17 H Perciformes
H A FPercichthyidae
[ 1685 Lateolabrax maculatus V,C, U + +
fi#%} Channidae
5,68 Channa argus Pe, C, De + + + + + + +
I FlOdontobutidae
/J\ﬁﬁibﬁMicropercops cinctus D, C, De + + + + + —+ + +
)b YEES Odontobutis potamophila V, C, De +
3}t | Belontiidae
[ & 2} 4 Macropodus ocellatus Pe,C,U +
fi%F}Sinipercidae
FUYE i Siniperca chuatsi S—P,C,U + +
1% 1. £ Gobiidae
F B YIR 5% £4 Rhinogobius similis D, C, De + + + + + + + +
% ISR 5% £ Rhinogobius cliffordpopei D, C, De +
7 H Cyprinodontiformes
H Al Oryziatidae
1 Oryzias latipes D,0,U +
41l H Symbranchiformes
Jil & £l Mastacembelidae
Hr AR ]k Sinobdella sinensis D, C, De + + —+ +
4 i £ F} Synbranchidae
5 8 Monopterus albus D, C, De + +
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Fisk Eicféfi HI H2 H3 H4
Species ouilds BW AW BW AW BW AW BW AW

HW%r 4 H Beloniformes
fiif Al Hemiramphidae

[8] N 6k Hyporhamphus intermedius D,C,U +
it B Anguilliformes
gt Bl Anguillidae

H A8 Anguilla japonica D, C, De +

DL UTHEGE; V. FiVEDE; Pe. VRIEDN; S—P. BWATEDR; C. WEYE; O. Je &tk H A& UL A B2 L R JZ; De. JEAH
Note: D. deposit egg; V. viscid egg; Pe. pelagic egg; S—P. semi—pelagic egg; C. carnivore; O. omnivore; H. herbivore; U. up-per;

L. lower; De. eemersal
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