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Study on the impact of shipping-related disturbances on the zooplankton

community in the Zhenjiang section of Beijing-Hangzhou Grand Canal
ZHANG Zugiang' , LIU Boyi', MAO Xueru', ZHANG Runyu', ZENG Chenjun®, ZHU Lin', SHI Wengqing" "

1 School of Environment Science and Engineering, Nanjing University of Information Science and Technology, Nanjing 210044, China

2 Guangdong Research Institute of Water Resources and Hydropower , Guangzhou 510635, China

Abstract: Zooplankton, as primary consumers, are essential for maintaining aquatic ecosystem health and function. Inland
waterway transportation has garnered increasing attention due to its significant ecological impacts on aquatic ecosystems. This
study examined shipping-induced water column disturbances on zooplankton communities along the Beijing-Hangzhou Grand
Canal, comparing the shipping-affected mainstream with two undisturbed tributaries. Results demonstrated significant
reductions in zooplankton density and biomass ( P<0.05) , along with altered seasonal community composition patterns. The
density and biomass of zooplankton, respectively, were 79.7% and 82.0% lower in the disturbed mainstream than in the
tributaries. Mainstream diversity exhibited suppressed seasonal variation, evidenced by reduced seasonal variation
coefficients in the Shannon-Wiener, Pielou evenness, and Margalef richness indices relative to tributaries. Additionally,
ship disturbances changed the seasonal succession patterns of zooplankton, with the main dominant species shifting from a
seasonal cycle of “ Bosmina longispina-Bosminopsis deitersi-Nauplius-Brachionus angularis” in spring, summer, autumn,
and winter to “ Nauplius-Nauplius-Nauplius-Brachionus angularis.” These findings offer theoretical foundations for Beijing-
Hangzhou Grand Canal conservation and restoration, while establishing an assessment framework for inland waterway

shipping impacts.
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XA ARGV SR e A EES R A R I sh W K SRR DR AR A BURR, IRV S Rk

AR 7R AR IR AR AL PRI, TR T 7 0 Sl 0 0 A R R AOE | X 3l 9 0 A 25 2R 0 A £ e B AT e 2
TER AR RS R G, i sh ) A 1K A5 SR A2 B 22 PR SE IR - BRI G R ACE 377K G DEIR R

b SR BE N 1, [t 52 21 K 30 S S5 B4 B2 T Visser 25 (2002 ) BF5E B, 24 K 44 4 1 5 —
e Ak, HL 7= A A 25 3 g 0 S BRI T sh i 2 2 3R, i il FL A=) P A iz DR A A A1 L 32 3%
RE S KA S 10 T R4 Ll 2 I P, o IX S 28 T 2 8 6 P T VR AR T o A e | M S v ok e
R BRI ZUPE Bl = A R AE BT RZ  H 25512 T . Huang 45 (2022) WF5E R B, fiitiz 7= Az 5 I TR Al I X
27t PR E A VR AT SN B TR BOIR ZS T ELOEE T KRB S5, T RE S SR IR I B
B AR BEH TS IR I S RE TR G5 19284k . Gascon 25 (2007) BFoE 2 B, /K SCHRShA 3R T I i sh i 5
WIS, SRR ZREER R L BRI ST RGE T Ag T iR i sh R AR AR ) H R B>
ATAEHE SR LR 0 4347, X 1 24 1 PRl i AR AR IR EE R8O A PEA
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BRI Y SRR —E B 8

1 #RERFE

1.1 WX

AW ST X IR ST KAz T B S AR S i, bt K i R A K AN T, 2K 1797 km,
P g R 50—200 m, IREE A 2—5 m, EHLES 8 44 24 T, FAFR B 512 t BRY), JEE 4 b E e JL 4B AC T
(BN | ARBEIE KA TP KRN A BE N, 8 T A m B 2 — i T S fiiz 1% 3
(24 45 [/ /INIE) 2T Bk T BR 240 T BORZS , HOK M P S94R 08 4 0.15 m, 1M HARIE 32 i 4 F#ACIR
A, PHHRIEACR 0.04 m'"7) ) BIFSE IX s BEHT R B XA Tl A b 4w Hl il A AR 3% 5 K R Tl B K, 7K
JEALTF IM—IV 2K Bipr e S AW 5% K R T W 22 KU, AR 3N 17°C, 4R K 4 H
1000—1400 mm,
1.2 FEfCREE

AT RS (2022 425 J1) (Z (2022 4E 8 ) Fk(2022 4 11 H) 4 (2023 4 1 ) U215 B Hhi
W, REERIA 17 4> Q455 hz T 9 4> (JHI—JH9) Al H S8 30 8 M (JZ21—)Z8) (K 1) o

IR AT HLBE B R K SR, MK IR <2 m B, FERIZ T 0.5 m SREE; KRR >2 m B, HITERZET
0.5 mAEIZ L 0.5 m 8% —W, ARG FEMR AT B 500 mL KEESE A 500 mL PET M R HREMAAE T
KT, PRI S PR SR 257 (FLA% 0.064 mm) P70 AR BT IMAE K H 5L < o0 7 F AU 5l 3—5 min, ¥5iE
KGR A 100 mL B BN 4% (% P S WS 2, V7 sh e s B A 7E 45 SRR S HRURE 1 1,
PN 10 mL BB F E T8 0 SRR 20 L KR, 28 25" 35 W2k 40 W05t DB 5 2 A 100 mLL BF
HIIE A 4% 1 H RV TR 8 0, TP or T bR e 25,
1.3 FESHT

TR S PERE 2 BR QROK SR A ) 5 IR W s 0 FR1 i ) (5 R Y L RK IR AR IR 52 i) 2
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Fig.1 The location of sampling sites
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28 B A T T RS VRO W L Y W AR R AR BR 30—40 mL, I Fe IR SIRE S G, 6 WA T XRL M 2
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TR B LTI LS (V) 88T, 24 Y = 0.02 IAE NILEFR, 1w sh Y 2840 08 % Shannon
~Wiener FE80(H') ™) Pielou $J5JEEFEEL(J) Y F1 Margalef “F & FEAEEL(D) ), SHEARITRANT
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TRIFEhY) H' \J D FREUAZE A S R AV, ) TR
V. =o/n (5)

K o IhRiEZE u - FHIME,
1.5 BdlEgeitobr

LR 2R 5 22 53 M Fil e /N Wit 3 22 S ik R PRI PR PR Ui s 0 %8 B8 I i s ) LB W i A T N 5 22 5
FVEIHT, BB VIR 0.05, SR Pearson AHIGHE S ATEE S0 1 I Ui 2l 40 A= Wy R85 B 5 A58 PR 1 1 G
£ MXGEHS MR N Origin 2023 /F AT AR BE, P2 S W) W0 A 5 A58 R 109 32 143 43 BT (PCA) SR
Canoco 5.0 A5, TEHEAT PCA 43T Z 1T, 16 e il B35t 43 B ( DCA) 8 HEFF SRR B2 . >4 DCA 43
Brati R o HE e il v ds KBS BE /N T 3 I, B4 PCA 43 Hr itk — D AR PR Ui s 0 ) b 55 30 B A 22 1A 1Y
KR

2 #R

2.1 KAREEA TR bR

AR 47 SORCAS T BT B 5 SO K IR R S R A U Al S5 SR RS A 0 BT 2 1 Ak 2 B
R, AR A EA BEFTER(P<0.05) AT HS LRI B E %R (P>0.05) KIRBEE R THE
% KA R A S B IR T KA S, KR FAT B 21525 5 (P<0.05) , JorP B 23 IS, 1R 37
W B T SO (P<0.05) o KPR AEZE TR B F 3960 ARk (P>0.05) , KUK MBEETRT 1A
BFHZEF(P<0.05)  Hrp &2 G, iS5 SO & 2 57 (P>0.05) ,

F1 AEAFHEMRETHEILETRES IRAKEELER

Table 1 Water physiochemical parameters of the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries in different seasons

AT X 3, K g i BE S
Season Region WT/(C) DO/ (mg/L) Turb/ (NTU) TN/ (mg/L) TP/ (mg/L)
# 2% Spring T 22.8+0.9 6.6+0.7 53.5+16.5 2.8+0.3 0.3+0.0
X 24.9+1.3 9.1+3.3 30.9+18.0 3.0£1.6 0.5+0.3
57 Summer T 29.8+0.7 5.5+0.4 17.1£10.3 2.4+0.3 0.1x0.0
X 29.3+0.7 4.2+1.2 9.8+7.3 2.9x1.1 0.2+0.0
FZE Autumn T 17.2+3.3 9.8+2.2 62.5+17.3 2.5+1.5 0.1£0.0
S 15.7+2.5 8.5+3.7 18.0+6.8 3.9+1.9 0.20.1
428 Winter T 9.7+0.5 8.9+0.7 44.4+12.7 3.3+0.3 0.6+0.7
S 8.4x1.6 12.3+4.2 28.9+13.6 4.1£1.0 0.320.1

WT. /Kili Water temperature ; DO ; %5 f# %2 Dissolved oxygen; Turb & Turbidity; TN ; S.%( Total nitrogen; TP : & Total phosphorus

®2 ENEAHIRTREIRFERFRNERATESN

Table 2 Two-way ANOVA of environmental factors in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries

b Z=47 Season X3 Region

Index df F P df F P
K WT/(°C) 3 307.373 <0.0001 16 0.726 0.754
A DO/ (mg/L) 3 23.702 <0.0001 16 1.012 0.461
LB Turb/ (NTU) 3 14.142 <0.0001 16 4.566 <0.0001
M TN/ (mg/L) 3 2.668 0.058 16 1.217 0.290
S TP/ (mg/L) 3 5.976 0.002 16 0.928 0.545

df: A Degree of freedom

2.2 TRHIFSh AR Y
SR, TR sh 5 B A A Yy i BB PRI (P<0.05, 36 3) ,F X BI RIS T 79.7%F1 82.0% . T
R VRIS P RN A My I B R AR AE ( P<0.05, 32 3) . TR VRIESI B R A e R I >
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51 (0.7£0.5) mg/L F(1.521.1) mg/L; 428, T30 B 4108 (11.1£11.6) /L A (118.1+£194.2) 1~/
L, A=W 2094 (0.1£0.1) mg/L F1(0.2+0.2) mg/L,

T sem [ ke [ Iheek 77 T

800 - 20
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1
600 3 15 | P<0.001
- oh
z E
z 400 g 10
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Fig.2 Zooplankton density and biomass in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries in different seasons

£3 EREATHIRTIRFEINEEMNENERNEZFTEZSH

Table 3 Two-way ANOVA of Zooplankton density and biomass in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries

LU ZEYT Season X4 Region

Index daf F P daf F P
B Density/ (4~/L) 3 4.523 0.007 16 2.738 0.004
¥ Biomass/ (mg/L) 3 4.819 0.005 16 2.011 0.032

2.3 TRIFShYIRh S AL

BRI B VIR 2 3 2 61 F SUsi e O£ 5 47 26 B0 4 1 42.6% BRI i e
31.1% KRR, b 10 26.2% (18 3) o BV b 53RAR L, Tt e Jupp s o Lh g m e /2 2802 LU B
ERREREE RGN (B 3), FBF, TP MY EETRERREZ, HIiLh
64.7% , SN V-15 s RRZETURANZE 7 HeB P48, SO SR 38 i LA Ol 42.9% 4 21 S AR 2
RPN Z 00 h 66.7% M1 65% (K 3) . HFKEEEIR B SR IR AR B3 TR R 2K L
Fb iR, o0 50.3% , S WA A 28 o5 4 R AR, o5 L 89.3% 5 & Ze e A b REARH TN 81.7% , i H
94.0% ( 3)
2.4 FFHF SR AN

bR 2 =TI A SR AR AT B R Sh B K TSR R Z T TR (£ 4) . FF, TR
A K A5 5% ( Bosmina longispina) IAREAET IK % ( Sinocalanus dorrii ) FIGTT 2K ( Nauplis ) | SCHAGFEFH
AR E B % W ( Brachionus angularis ) | a7 IR & B 5 B ( Brachionus urceus ) | 1 %l 4 8 3% | #0303 & 1%
( Bosminopsis deitersi) & 7K 2 ( Mesocyclops sp.) TG &4 ; B2, T3 M ST A AR 35 0 1 40 52 5 ok 3074
IR A RN (Mesocyclops leuckarti) TG 2R Bk 2 | AL HFh 5 22 R, LR OC AR o0 S22 48
W (Ashlanchna sp.) KBS B R M DL ( Ceriodaphnia cornuta) | 2 FI R G 3% ( Moina macrocopa) & 4FAK
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Fig.3  Composition of zooplankton communities in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries in

different seasons

B ( Simocephalus vetulus) )~ A3 PSR F M TG TR &, TR FAM B ARE B R EHERER R
( Brachionus calyciflorus) A< = J5%8 M ( Filinia longiseta ) IG5 G4, SRR R M 288 40 G B i
W AR RS AL EHR Z HE B Polyarthra trigla) JEEFE L (Synchaeta sp.) TG 4R (£ 4) , FiFshyy
A HVEULBER 1,

F4 FARFVEREAMHEIRTRSZREFEHMAEH

Table 4 Dominant species of zooplankton in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries in different seasons

25 R4 2 Spring K7 Summer #Z Autumn 2% Winter
Categories Species T wm Fwm XKW PR KR PR ST
ey 1558 R4 B Brachionus angularis 0.04 0.36 0.66
Rotifer FAREE R4 1 Brachionus urceus 0.12 0.05
eSS . Ashlanchna sp. 0.04
AL R4 R Brachionus calyciflorus 0.03 0.03
152 5 B Polyarthra trigla 0.06
PEB 4 IR Synchaeta sp. 0.05
K =JB#E R Filinia longiseta 0.02
FEES K44 5.3% Bosmina longispina 0.23 0.16 0.11 0.03 0.07 0.03
Cladocera A IEAE Bosminapsis deitersi 0.03 0.05 0.53 0.02
IR Ceriodaphnia cornuta 0.05
Z NI HIE 7% Moina macrocopa 0.04
HARREIE Simocephalus vetulus 0.08
B I A3 h 817K % Mesocyclops leuckarti 0.03 0.02 0.03 0.02
Copepoda R &K Mesocyclops sp. 0.03
R K K Sinocalanus dorrii 0.04
TN WA Nauplius 0.27 0.10 0.43 0.03 0.38 0.21 0.09 0.04

PRIAEEFREL Y=0.02 3

SR RAL, TRIFG s 2SR E AR ., S B J D IRBER ARV, ) BT TR, T
T H L J D FEEUR S R A 0.13.,0.08 ,0.15, AT AN 0.51.,0.47 ,0.20,, 33 4 ZE SRR T AR R
. A E A HY RN 2.54 .0.75.2.61 F11.34; 7 43514 0.75.0.26 .0.86 F1 0.53,D 43 51K 3.57,
2.21.3.41 #1277, Tk, & B B H AR 2.27 1.99 2.15 F11.67 ;7 43514 0.70 .0.70 .0.74 F10.62,D
39k 3.75 2,72 2.87 F13.04,
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Fig.4 Zooplankton diversity in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries
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Fig.5 Correlation between zooplankton density as well as biomass with environmental factors in the Zhenjiang section of Beijing-Hangzhou
Grand Canal and its tributaries

“ a7 FIR p<0.05, ¢ wx 7 FIR p<0.01, %k 7 IR p<0.001
X S ) BRI AT DCA 430, & BRHE Pl ok B B R/ T 3. Rtk 4% PCA 3 by LAk —
T ASE N T XN IR sh W R 152 i, 45 31 PCA —ZEHEF &5 R 6 Fron, 85— 4R — 3 i RRAE
B 51 62.16%F1 30.38% , BTN 92.54% , /AT, 56 L5 B RUR BB A G M e ok, S IE ARG, T
T AR ST 28 0] 55 ek B R it S A DG R, R ARG
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Fig.6 Principal components analysis of zooplankton abundance and environmental factors in this study area
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3.0 APPSO T I s S A R R

U DAL EE 5 ARG X A 7 2l 2 5 A e AR R v, 3k T R S KR B B R AR A R
(F D) BR L BT XIS B B A A Y R R T KA R R AR X R
N, ERRAFERLE B R FRGRKIR (R 1) AR T i sh P A KRB0, A= W i A B DY e S5 /KR R B
FIEMR(P<0.01,18 5) , 5350, FHEFHRFDE MR I A, i lirsh e it T s Rk
IS AR A XK A AR B R IR AR A e A R

A2 AT A TP O X, SR B AR RO P KRR R AP kR, RO X A R 2 AT
MRAEAE R FRWIVRRES 300 R TRl sh A KR S B2 S STAR L S TR Sh S A
PR R R (P<0.05,3% 3) , X 2R PN A7 IR BES o e A% S iz I R A 40 Fim FUIRAS , A A T 77 1iF
AR S EIE Y Philippe 55 (2014) BF5E KM AEX B & 19 A S FR b, PR IS W REVE B B w1 A
Ptk 78 SRR E MRS st v U B B AR A T 34 AT 3 S R W BT AR R TR, S BOK
PRI, K AR B2 DO A 235 24 T SO (3R 1) o ¥R 9 384 0 T AT o 3 U A 0 ) 2B, DTG [ 2252 i
PRSI R BRI BT RLHE — A5 SR A v 4% B (R A T, LA A T 3t PR A A T AT 30
XHEF BRI, XM RS 2250 LR Z o 3% (P<0.001, 18] 2) 3SR, 764 2= i AR X
HEERZEAES ATl R e i sh Ay s B A AR e ) T
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IR = e L AR 28 B0 | 22 RIBRIE V8 AR | e e ol AR R ey BH i 2 e e &
WA TAE SR AR EF R MR A T UE , FELHF KA S-S0 B AR - T
TR IR RS L AR A AR A Sy T TR - T k- T iR - R R R,
SRR BN AT RS 0 5 M PR ) AR AT R, JE R AR R ARSI IR 2 . Y B TR, B A 1)
R, 27 A W A SN, K BT AR AR T e T A K 550 S S AR ST PCA #4551
—F (K 6), L, FEZAT s i T3 b AR BB IN TC T SR R E BTN, FEPR S5 b B = i KA
o HORER B TC AT AR S R DL S Y

AR XI5 PR i sh ) 2 A8 B E R 2.02(F 4) |, S5IKRTETRL, 52 AR5 G /0 59 2422108 K i
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Table S1 Composition of zooplankton in the Zhenjiang section of Beijing-Hangzhou Grand Canal and its tributaries in different seasons

Ze

Categories

Tt )& 44

Species

# 2 Spring

HZ= Summer

FZ& Autumn

£.Z% Winter

T

S

T

S

TR

SR

T

SO

LI

Rotifer

9PN

Cladocera

9K B 48 1 Brachionus angularis
LR BB SC U Brachionus calyciflorus
5 R AE B Brachionus caudatus
21 B 1 Brachionus rubens

T R4S B Brachionus quadridentatus
HIE TP 5 R Keratella quadrata
EHg Z e . Polyarthra trigla
TRRF A L Brachionus urceus
TR R4 1 Brachionus budapestinensis
K =% e Filinia longiseta

Je e B Lecane sp.

A IALRE L Conochilus unicornis
4L RE B AL I Brachionus diversicornis
Y o 46 HL Keratella cochlearis

it R £ Y 4 1, Keratella valga
RTS8 48 1 Ashlanchna priodonta
YK FRIH Trichocerca elongata
IRk Bk 5 38 Monostyla closterocerca
A5 B Monostyla lunaris
AIEERE I Lecane luna

PeEHe H Synchaeta sp.

HE /K HE W Epiphanes senta

LR R4 1 Brachionus forficula
KL S M Euchlanis dilatata
LR P FE W, Lepadella patella
LSS L Monostyla sp.

FRHE4E B Ashlanchna sp.

K A% B 3% Bosmina longispina

B W 7% Chydorus sphaericus

R FRE Diaphanosoma brachyurum

K5 K% Diaphanosoma leuchtenbergianum

- % Pleuroxus sp.

BRI 1% Camptocercus rectirostris
FIFEA 1 Bosminopsis deitersi
15 WA 2 3% Leptodora Kindti
FREE Daphnia pulex

{4188 Daphnia cucullata
TIRIARIE R Moina micrura
HERRIE R Moina rectirostris
HETEAEE Alona rectangular
ZAFARABRE Simocephalus vetulus
FAIEMBLE Ceriodaphnia cornuta
FTTERE R Alona quadrangularis
Z FIBRNE % Moina macrocopa

fAI NG 5.7% Bosmina coregoni

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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10 # SRAHER A AT B SIS TRV L B PR I S R I 15 5 13
el g 4 A2 Spring K 7 Summer #ZF Autumn 4Z¢ Winter
Categories Species IS R NS R NS R N
LA Alona sp. + +

e s FEMRIFIKF Schmacheria inopinus + + + + +

Copepoda YL G/ Cyclops strenuus +
KEWKZ Macrocyclops sp. +
T &I7K & Mesocyclops sp. + + +
Y RLAEFT K F Sinocalanus dorrii + + + + +
IABEIKF Cyclops vicinus + + + + ¥
MREIK T Thermocyclops sp. " + "
ERIRVFIK F Schmackeria forbesi +
g B KF Eucylopsserrulatus + + +
§t/K#%& Calanoida + + +
PiIKFE Calanus sp. + +
TEATWIAE Nauplius + + + + + + + +
HLE|/KF Eucyclops sp. +
SI7KF Cyclops sp. +
J A G K F Mesocyclops leuckarti + + + +
FR K EIKFE Macrocyclops fuscus +

“+7 R
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