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Abstract; The Three Gorges Dam (TGD) is the largest hydropower project ever built in China and worldwide. In 2010, the
TGD reached the designed water level of 175 m, storing approximately 39.3 billion cubic meters of water. Impoundment of
the TGD has changed the hydrological and sedimental regimes downstream, which inevitably affected the estuarine
ecosystem. Therefore, a comprehensive survey and assessment after the impoundment at 175 m would be helpful for
establishing benchmark values for future analyses. Community variations in zooplankton, which are at the middle level of the
food chain in aquatic ecosystems, can reflect environmental changes. Therefore, this study investigated the spatial
distribution of the zooplankton community and the relationships between zooplankton and environmental factors through
biota-environment matching ( BIOENV ) based on a hydro-environmental and biological survey of the Yangtze estuary in

August and November of 2010 and May of 2011. Noctiluca scientillans and Calanus sinicus were the predominant species in
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spring, and Acartia pacifica steuer and Paracalanus aculeatus were the predominant species in summer and autumn,
respectively. The spatially averaged seasonal biomass of zooplankton was highest in summer (970.6 mg/m’) , followed by
autumn (613.8 mg/m’) and spring (571.5 mg/m’). Similarly, the spatially averaged seasonal abundance of zooplankton
was highest in summer (783.5 individuals/m’), followed by spring ( 691.3 individuals/m’) and autumn ( 399.5
individuals/m’ ) . Interestingly, the spatial distribution patterns of zooplankton biomass and abundance were consistent in the
summer, but not the spring and autumn. The major environmental factors explaining the observed variations in the
zooplankton community were temperature in the middle layer, salinity , and silicate (Si) concentrations of the bottom layer
in the spring; salinity, Si, and total dissolved nitrogen of the middle layer in the summer; and temperature of bottom layer,
suspended solids in the surface layer, and Si of the middle layer in autumn. The primary environmental factor affecting the
zooplankton community was salinity of the bottom layer throughout the year; temperature was the second most important
factor. In summary, the zooplankton community in the Yangtze estuary appeared to be changing due to variations in the
hydrological regime and water quality. Long-term observations of zooplankton are required to determine species adaptability

and time-lag responses to environmental changes.
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TV S Bl A EL AR R P s A7 R R A A2 28R LA W 2B b K 2T A, A FAZ A AT
BIFHEZEADRIKN 20 120 90 AEARLIKE | NI BT 11 A 25 P08 (0 V5 70 52 DR B 8 1 | VT
JKAUTE RV — 9 TR I TR R LK TR | R KL TR K =k T AR AR R AR TR R R ALE AT ]
REXS VL ) A AR A T R AR AN, JUHOE =k TR s AT e RV H ARSI R H 4552
BRI ZRIEDT

FUAT, 5 1 BT 45000 J3E R I T4 e sl e 3 42 DRI S o T 7 e 42 o PO 8 A9 4 7 R A
WAL, RIS PRV VD S B SRR WA RS | (A5 IR 0 10 7 SR R MR R v B DT ik e 3 L A B
BB AR A SRR AL T Ui L 290 1 A A 2S5 R GG A M RE = A 52l 1 Ui s K A 25 R Ge 2 i i) HE 2L
FRIEERTT 75 AE S R SR B TR S A BRAG IR ARl 3 K LR R B0, v e i e e S e g A — 2 R
b SR A S ER R A A A3 SR T 1 R A A AN IR AR AR (LR AE R AR SR AR DR BT
Sk TR R KSR IT D PR s v A A R AR AL e SO SR N 756 & al MR lFsh Y iX — AR S R ST 2 )
RERE Y A1 BERR2A DA =0k TR VL I R ST 3 A A PR M AR 2, 5 285 530 T4 7 s KK R TR
VLA S R GRS R A LB BAT — 5 A3 5L, T A ST o e it i b )

33°

1 RS

1.1 P VBl % BURE
90 2010 4F 8 H (H 2= F/KH) 2010 45 11 H
(FkZE oK) 12011 4F 5 A (B2 SEA) 3 A

Yellow Sea

Yangtze River
2 Al A2 A3 A4 A5 A6
. L] L] L] L]

Blg2 B3 B4 B5  B6
L] .

AT KRR AT SRR dl R 4R FE R T 3 i 24 S
AN AL A 1) D6

TR it SR A T RN 3 B 0S4 AR AR I 3 R A )
(GB12763-2007 ) F1 it 4 Wi il KL Y5 ) (GB17378-2007 )
AT X FEASREE SR ZE P EREZ R E 120° 121° 122° 123° 124°
IREE I K SC (TR R ) KA b (R &R | B
AR5 R A 25 A S VR L pHL 3 BT AE R

B " . . N Fig. 1 The study area of Yangtze estuary and the sampling sites
a) SEPRER , PR EhEERIR B CTD AU &,

East China Sea

http ; //www.ecologica.cn



9 1 EWT A =ik =R KR R IR I S R v R SO [N 3

JKHEH Niskin SRR [A2DRAE (FRUESR) .
PRSI IRE SR AEEK | B E M (I AR 0.2 m?) IS 216 1 BB AR, ] 5% M /R 5
RIS 72 5 PR T o028 EE THBORIPRE R dh 2 E 2R
1.2 Btk
TS A RIS S5 A R RIE AR b 2 2 h (L SR A Fh Z AR M RAE DR FIARIE LS Y e
Y=/ (1)
A, n fRERES § A SR BE N IR BASREL, £ OB BUIOR, Y R T 0.02 RN EHF
YiFh ZREPEFEBCER A Shannon-Weaver Index , 23204 .
H =- Z(Pi)logzPi (i=1..5) (2)
Ho  H R ZREVESRE, P ORGP @ PR ERELL B, S SRR,
Y 53R R F AR 2R T PRIMERS ( Plymouth Routines In Multivariate Ecological Research ) 34757
Bro BEXF 25 RIS W) BE IR BE B8 | 15 e o TSR R TR e sh W) —F B2 1) Bray-Curtis AH LU [ 1 BE
T 27 ARG (3 AN TREE A& 9 ASFREED ) YRR I B AH S RE R, S8 )5 A Bray-Curtis AHBLH: 56 F4:
FTRK PG I 25 AH 57 A B4 21T BIOENV ( Biota-Environment matching ) 3% BVSTEP ( Biota-Environment matching using
step algorithm ) 7341, U5 W) R Rh R 2H R DS P fe s RO PR A T4 5, IR T304 3R 05E IX 7~ S5 A S 2H I AR G
PEAREL,
= TR KRR ALEE 135 m(139 m) (156 m Hl 175 m 55 3 ASE /KT AT FE L I = e 257K i P 4>
B 542002 4F (135 m) 12006 4F (156 m) {92 Z= 01 LB SAWITSE (175 m) HFHARIEAT LB, 518
3 Py s e T S SR B T R A U B 0 28 S B Ry R TS i I sh W R R SRR 1T B K- ik
A7 oA B RORRJE F 385 Iy s B5ai vl Lk

yim E B f2 Cladoera
2 BR5HH JE A3 Protozoa
- i 3 & 2 Pteropods

21 VRIS AL A Mo
+ &2 Decapoda

3 MRS B TR S B 164 Bl TRUFANIIR 14 ik Molluses
N e =1 4 e 2K Copepoda b
FIIEIE 178 B, HOP LB ECR R L (152 ) B SRR Corereit

(131 F) R FRE(97 M) Beb . I 2 ATRAR By PHEX Duplausioct o
R TR BESRANTEHFAIAAE 3 ANEIZ ) AR IES L her Mysidacen

Ak Ostracda (zga

B, EHIER R FRER SEIEE . T mipai plankionic e

Bk 3 AT A T AR R A L s R Pobchacta 3 -

¥ £ 2 Amphipoda g B
% 34% A% HI 49.6% KERHEN 13.4% 6,691 6.9% ,  FER sopod .

unicate g ) ) ) ] )
T RIS AR ] R 20.6% A17.2%F1 18.3% 0 10 20 30 20 50
ﬁtﬂﬁ?@?ﬁ]%’ﬁc%ﬁ é%lﬁi{ﬁ% Eﬁﬁ( %‘:2 1 ) o Tﬁﬁ[ﬁ Fh2 kL Species percentage/%

i ( Noctiluca  scientillans ) 5 W 1 ¥ /K & ( Calanus 2 BT AR
Sinicus) )ﬁ E é ?@ Xﬂ‘ ﬁl: *ﬂ ﬁ‘ , ﬁl: % E ﬁ:}‘ jE'JIJ ﬂf] 0.382 ﬂ] Fig. 2 Species composition of zooplankton

0.324, H Z=4a %L # P A KV 95 5l K 5 (Acartia

pacifica) (Y =0.226) , #FkZ= R EH 3T K 25 ( Paracalanus aculeatus) (Y =0.187) . = AZ LG WL #F K
FEZ4IR (Macrura larva) , P35 7E A W] 2= 55 A R K9 22 5 . A 2 W SR L 35 Fh 5O 1 (Noctiluca
scientillans ) , S RKZE ) SL RO A0 0 KA 255 7K 3% (Acartia pacific ) FVEF R 7K 3 ( Paracalanus aculeatus) |
BRI EF AR (£ 1),

http ; //www.ecologica.cn



4 A E = 36 &

x1 KIODEZHEIMEERBHRERBE

Table 1 Dominant zooplankton species and their dominance index in Yangtze Estuary

BNt s PRFFh Fef Pz
Season Number Dominant Species Ecological Group Dominance
HE 1 I Noctiluca scientillans A B 0.382
Spring 2 HEYT K Calanus sinicus B 0.324
3 K EEZE41A Macrura larva ERVEAIIN 0.020
k= 1 KGR Acartia pacifica [E oS 0.226
Summer 2 K241 Macrura larva ERVEAIIEN 0.091
3 MERE =& Evadne tergestina s 0.086
4 WG Noctiluca scientillans SRS 0.086
5 R K & Paracalanus aculeatus ek 0.060
& 1 EFHIIIAT K & Paracalanus aculeatus e 0.187
Autumn 2 I K FZ LA Paracalanus larva Y s 0.072
3 KR4k Macrura larva PERIIZAILEN 0.043
4 KV-PEYiHRK % Acartia pacifica Y s 0.038
5 BE N HI K F Centropages dorsispinatus LY S 0.033

22 TRIESIWEE 5w RSN

3AET IR A Y R (LR ) 25 RS0 ANl 3 BRI 7 B L3R 2, KT i
ARSI Y B A Y R 2R (R 2) , B AW RN 571.5 mg/m’ W X HH AR T H AR B
T (122.75°E 31.00°N [} ) ; B Z= 4449048 0 970.6 mg/m’ | W {F X [RIRE H B0 AE K VT 1 AR BRI, (HL L
1] FE A% BRZRAE M) 1R 613.8 mg/m’ , (S X BRAE K VL H H ] (122°E,31.00°N Bt ) . MCF3F K
L IFsh Y F R E R, 09 691.3 ind/m* Fl 783.5ind/m® , Bk A, ALK 399.5 ind/m*, [F]AF,
K2R I e s W) 4 B 3 A A 5 AE Y o i — 3 AR FE 5 EY R MfEfES R 2ZE R (# 3)
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Table 2 Seasonal variation of zooplankton biomass and abundance in the Yangtze estuary

. F 4 Abundance(ind/m*) £ ¥4 Biomass( mg/m®)
o B T W A7 I FHfH W A
Range Average Peak Location Range Average Peak Location
/2= Spring 71—3185.4 691.3 122.25E, 31.00N 10—2563.8 571.5 122.75E,31.50N
K 2 Summer 67—2187.5 783.5 123.50E, 31.00N 393.7—2021.4 970.6 122.75E,31.50N
2 Autumn 33.6—2717.4 399.5 122.05E, 31.55N 164.5—2437.5 613.8 122.75E,31.50N
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Fig. 3 Spatial distribution of abundance and biomass of zooplankton in the Yangtze estuary (A: abundance ind/m®; B: biomass mg/m*)
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Table 3 Average abundance and contribution rate of main zooplankton species

F o T i FHEIE/ (ind/m?) s/ %
Season Number Spcise Averageabundance Contributionrate
&% 1 ThAEPTKE Calanus sinicus 233.7 21.7
Spring 2 PICH, Noctiluca scientillans 275.7 15.8

3 i A Arrow worm larva 13.5 9.6

4 K REHLK Macrura larva 14.9 9.7
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P P Fha PR/ (ind/m?*) TR/ %
Season Number Spcise Averageabundance Contributionrate
5 6555 1 Sagitta sinica 12.6 7.2
e 1 KI-BEY558K K Acartia pacifica 176.7 12.8
Summer 2 EHRIBIPT K & Paracalanus aculeatus 52.4 9.5
3 KEXHA Macrura larva 75.3 7.5
4 i A& Arrow worm larva 17.7 6.2
5 h4EPT K F Calanus sinicus 53.7 5.7
&S 1 R K% Paracalanus aculeatus 77.9 15.9
Autumn 2 KR4 Macrura larva 19.8 8.0
3 FEEE KT Euchaeta concinna 10.7 5.9
4 INESEIK FE Microsetella norvegica 10.4 5.8
5 i A Arrow worm larva 16.8 5.7

e TR AR S KR A 7 Ui s R I L A AN AR ] (& 4) , BRSBTS 1T BT o EL )
T REREE, H 2002 411 65.4% F 3 2010 421 57.9% , i /KBS AT & s B sh i 1 r o Fe ) 5 B T
#2002 4E AN B HAFAE 5] 2010 458 =84 ip HAE PRI sh W W Ah 4L P BT o HER A F 6.6%

772 WAy [ BN SR

B yoikabyy T sy L R4 FEHPMEESHEETHELY
Table 4 Relationships between zooplankton abundance and
&\\\\\ J environmental variables
- T U T XA
T'-)n Season Governingfactor Correlationcoefficient
ﬂg AR (m) FE(b) . #H(b) 0.654
il Spring TR/ (m) iM"t?(m) ﬁn(» 0.646
g LB (b) EREE (b) EERRER (b) 0.645
a2 HZ AR (m) FERREE (m) BIAER (m) 0.746
Summer 5 (m) FEBRER (b) \E\mfﬁfm\ﬁ(m) 0.744
TERRER (m) 0.744
2002-08 2006-07 2010-08 K (L) BRI (s) BEFREE (m) 0.833
HM Date Autumn IR EE (b) B3P () SIFMEE(s) 0.828
B4 SEOKEE KT OIS 12 R (b) BIEH(s) SIS (m) 0.828
Fig. 4 Zooplankton species percentage in Yangtze estuary before s: FRRE m R PR b FoRIRE

and after Three Gorges Dam
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Table 5 Zooplankton variation comparison before and after the Three Gorges Dam of Yangtze estuary

LRSI P DX MEYE (mg/m®) F B (ind/m*) LR ORI
Time Study area Biomass Abundance Diversity index Resources
121°23'—123°40'E
. . . . S 47 [9)
2002.08 30°40'—31°36'N 254.3 176.3 2.29 e45211°0 2006
122°—123°E
2006.07 505.0 461.0 2.34 X [10]
30°—32°N XU, 2012

122°—123°30'E
2010. . . 2.12 QBN
010.08 30°30'—32°30'N 970.6 783.5 AR JE A
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