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Tab.1 The composition of zooplankton in the central Bohai Sea

A1 Species £ Abundance (%)
2 Speci

% 7% Spring HZ Summer FkZ= Autumn 475 Winter
HOR & FIKEE Bougainvillia ramose _ _ 0.06 _
5 F /KB Bougainvillia sp. — — 0.01 —
JNHK KB Koellikerina sp. — — 0.03 —
H A& 7K+ Sarsia japonica — 0.01 — —
FABOKEE Nubiella sp. — 0.01 — —
/N FEIKBE Podocoryne minima — 0.01 — —
H3#%EKEE Euphysora sp. — 0.04 — —
F AN AKBE Ectopleura dumortieri _ 0.09 — —
L3k fili22 /K B} Helgicirrha malayensis 2.14 _ — —
INERARE KB Willsia mutabllis 0.12 _ _ _
J\BEW [K7KEE Rathkea octopunctata 831 _ — —
2% KB Aequorea coerulescens 0.03 _ — —
B 2L FE KB Eirene ceylonensis — — 0.10 0.06
2L BR LMK EE Clytia hemisphaerica — 0.02 0.06 0.06
PUAL 4 7K B Proboscidactyla flavicirrata — 0.03 1.17 1.15
T AR Muggiaea atlantica — — 0.83 0.51
FRIE A g5 7K BE Pleurobrachia globosa — — 0.55 0.17
JR/K+H} Beroe cucumis Fabricius — — — 0.01
S>3 9% Penilia avirostris - 1.72 0.01 —
NERE=f83% Evadne tergestina — 0.01 - o
#% K2 % Asteropina grimaldi — — — 0.01
AT IK R Calanus sinicus 19.48 38.14 4233 50.33
INUFTIK & Paracalanus parvus 11.65 0.87 0.87 1.08
TR KT Paracalanus crassirostris — 0.07 0.02 0.07
8 &t Madil /K 2& Centropages abdominalis 5.68 0.01 — —
5 B W /K 2% Centropages tenuiremis 1.51 0.01 — —
A K Centropages dorsispinatus 2.28 _ 0.05 _
koK #E Candacia sp. 0.01 — — —
H B /K F Labidocera euchaeta — 0.01 1.33 0.70
XUHI & ffi /K 2% Labidocera bipinnata — 0.40 0.49 0.55
WE YK E Acartia bifilosa 5.36 0.04 0.10 0.01
o R K 25 Acartia clausi 0.02 — — -
KV YifkK & Acartia pacifica 18.91 — 0.01 0.03
¥5 2 177 f1 /K & Pontellopsis tenuicauda 0.49 — — —
PR AR K % Pseudodiaptomus marinus 0.28 — — —
| BTEIKE Tortanus spinicaudatus 1.96 _ — —
PG S /K ¥ Oithona similis — — 0.10 0.12
IEGRIREIIKE Corycaeus affinis 1.73 0.17 1.26 0.52
RN B K F Microsetella norvegica 2.94 _ _ _
BEIKFE Monstrilla sp. — 0.01 — —
JNFF T Microniscus sp. — 0.03 0.09 0.07
4 e ¥ R Themisto gracilipes 0.04 0.67 0.52 1.08
WER3E Corophium sp. 0.15 — — -

ZFFH Caprella sp. — — 0.01 —
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4ZE3R 1 Continuted Tab.1

£ Abundance (%)

P2 Species

% 2= Spring HZ Summer F#kZ= Autumn 475 Winter
HF Gammaridea — 0.01 0.10 0.03
A ) g R Acanthomysis longirostris _ 0.02 0.14 —
JLEBEREER Gastrosaccus kojimansis 0.05 _ 0.05 -
K-FEWENT Euphausia pacifica _ 0.01 — —
H1E B HF Acetes chinensis 0.02 — — —
Z R W Sagitta nagae — 0.03 0.03 —
TR Sagitta crassa 7.32 37.43 39.59 39.30
SAR{EZE H Oikopleura dioica — 0.08 0.64 0.20
/NGRS Doliolum denticulatum _ _ 0.02 —
i HZRAR 4 4 . Actinotrocha larva — — 0.07 0.08
HEk 4l 4t Tornaria larva — 8.12 0.01 0.02
Z ER4IK Polychaeta larva — 0.03 1.07 0.29
XMGEE S Bivalve larvae — 1.49 6.60 2.47
Ji 224K Gastropoda larva — 0.25 0.19 0.02
e 2T 4 H Nauplius larva (Copepoda) 835 0.01 _ 0.02
ke D11 Copepodite larva — 0.01 _ _
WEURY Mg 4l 1L Calyptopis larva — 0.01 0.14 0.02
HEMR 4R Mysidacea larvae 0.07 — — —
FTHI ¥4 Alima larva — 0.16 — —
£ A4 /K Balanus larva 0.01 — — —
K X4 1A Macrura larva 0.01 1.43 0.92 0.79
Ji RS R4 . Brachyura zoea larva 0.01 0.61 0.14 0.06
5 FEZE K IR 4h {4 Brachyura megalopa larva — 0.01 — —
ERIIERL B Porcellana zoea larva — 0.01 0.03 0.10
TEie FE 1 Ji 4l 3L Ophiopluteus larva 1.10 0.95 0.02 —
T IHK i 4h . Echinopluteus larva _ 5.80 0.07 0.03
3 2 P i 4 1 Bipinnaria larva — 1.00 — —
W 3 ¥ 411K Echinodermata larva — 0.13 0.15 —
{F#fEf6 Fish larva — 0.02 0.03 —
1§ Fish eggs — 0.06 0.06 0.07

— FRZRIER B

— denoted unobserved species or taxon

YSTE A RIRIR S 23 T TRIES L 6 25, Bt AhIEEk
H 29, H 2= K s A 3L A A IR R )
27 B, FRUEAI AL 18 28, BIHANREC 45, BFIIE
H AR K Sl A I e £ R PR ) 28 B TRIEA) B
14 25, BIHFMRECH 42, &R rh K S8 A 2k
YIRS 21 Fh L VRIS A 12 25, AR
Bk 33,

v v T K S8R i 3h W Y A 2SR AE AT R g
4 AR (D) R ARER M « I N i £ B A AR
AP BHIE MK K (L. euchaeta) KU 5 K F
(L. bipinnata), KNFE1HEY5EK % (A. pacifica). /\BER K

IKFER. octopunctata)¥s . (KR EERIEHE . ZEHER
RFZEH MR R (T gracilipes) . K5 5 4F
(E. pacifica)¥5 . 3)) ) ERIHE 2 EHFEREMR
FEH AL K F(C sinicus) . /NPT K F
(P. parvus). WEEFMHIK F(C. abdominalis). 5%t
FI/K % (C. dorsispinatus) . AL RN K K (O. similis)

2 RIRSI /K F(C. affinis). A HL(S. crassa). ¥R
e K EE(P. globosa) . TLFH/KEE(M. atlantica)? .

(4) R il v ER 2R - IR R AR A 28 S /N 14 i A
(D. denticulatum),

A2 it P R I S AT T LAk
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T PP R U S ) ) A SRR 11

SRR AT K 3 (Y=0.17) . /MUK % (Y=0.05). E
B B a1 7K 2 (¥Y=0.02) . WEZiHE/K F(Y=0.04) ., KF7F
2K 35 (Y=0.15) . /\BE P [COK BE(Y=0.02) Fl5aH: 17 5
(Y=0.07), E i rhafi s g s sh iy 3a 3 M
R, 205k d AT K 3 (1=0.38) . #H: B1(7=0.37)
I RE A i 4 HLU(Y=0.04) . Bk 2 it mp R v 3uk 07 Ui 2
WILAT 3 AR FIZE, 5350 R AEPTIK | (Y=0.41)
S CH A L (Y=0.40) FIXL5EZE AR (Y=0.06) . & 2= )it
IR S I 3 AEAFPSE, 43R AR K
F(Y=0.50) . R H:57 1 (Y=0.39) 1 FE K 44K (Y=0.02).,
2013 A3yt vp 5 U Ja 4 A7 349 o B A T Ui sh A AL B b
FIL 2 A, S5k A AR K S RN L

iR EEREWME KT MEE
TS SR RER i A WA 20 MK 2-a HTLL

2.2

Eih, HFE *iﬁféﬁﬁ/%ﬁmj%ﬂﬂér“ B, FHIME
g 782.0 ind/m’ ., =P A v L H PR I A K 3

537 53i(8509.6 ind/m”), B2 e/ IME H BRAE JH AT 7K P
AT 527 Suk(15.4 ind/m’), B Z= i b i el i U 5
YEEERS, LN 199.6 ind/m’, A FEE i
o0 A HH B 1A A5 7K 8 PG R 525 45-36(907.6 ind/m’),
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ZREETE 539 S34(300.3 ind/m®), T i/ ME IR AE
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Fig.2 Horizontal distribution of zooplankton abundance
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19.5%. £ FE S E H IRE TR A KIS 537 S, +
FEME M 1923.1 ind/m*([&] 4-a), HZ=EhrhikKiskrp e
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Fig.5 Horizontal distribution of S. crassa abundance
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Fig.6 Horizontal distribution of zooplankton Shannon-Wiener index
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B A AR SE K R ALY 506 5k, Ok
1.15 (&l 6-b). Bkt aSEEE0E I3 H A
9 1.83, dnc i {1 BLAE PR A K IR PG RE R Y 528 5
4 2.96; TN F ARAE H BLAEAFFE K BRPT LR 1Y 51053,
N 113 (18 6-¢) A ZRighiE h R BT I s H -1
{4 1.63, fi i fEH IRAE AT K B R R 1Y 529 53
2345 M ARAE HBUAE AT 55 K 38 AR R A 523 53
4 0.92 (I 6-d).

TS D B RO E A A LR 7. R
BN D EYIE N 1.02, (e B AT K
WA TR 532 S0, A 1.66; 1B RAE H BLAE 5T
AKIBVG R 528 F i, H 0.59 (& 7-a). HZ=IEF
S D SFMEN 1.78, fem (E H B IR 2 7K 38 74 r
T 535 S, A 2.77; MRARE HBLTE RS K AR
6 513 S, A 1.07 (B 7-b), FFh D
SEHIE A 2.08, e (E B LR R A K S8 2R B A
531 Suli, {ER 3.28; 1S ARE B IAEBF 5K 85 L

B 501 Sk, A 118 (Kl 7-¢). &ZETRIESY D F
YA R 1.53, S (B0 BRAE I8 A K s 3R Y 529 453,
{4 2.96; 1M IGAA H BLAERF ST K PG LR Y 510 5
v, {HK 0.76 (K 7-d).
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KMk i (P<0.05); K2, TRIFsh+E 5IKZ 8 E
FRRE DG B 51 (P<0.01); Bk, IFIESh I F 1 5R)Z
TR B DG e (P<0.01) ;. 4%, WRFshFIES
-2 22 9 R S B 155 (P<0.05) o U F 43 B4 31 i
B, WY FEE 5RIZEE | KA B
(P<0.05); X7, IFirshP+ 5 5IRZ0RE . JKZEE
JER A MR =5 (P<0.01)s BKZE, WRilFsh ) F RS 3%
JEIEE . £)Z pH BIAHMER & (P<0.01); &2, F
M EESKEZE pH, M ENW MRS
(P<0.01), =Tt un, FF, FiEshwE
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Fig.7 Horizontal distribution of zooplankton Margalef’s index
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Tab.2 Correlation between zooplankton abundance and environmental variables

Spearman FHLIPE R AL p,

[ F Variable A= PS4 Abiotic parameters £ e hE e
Spring Summer Autumn Winter
AT R JZ IR E Temperature of surface layer 0.051 0.013 0.235"  -0.046
Single variable  JiKJZ IR B Temperature of bottom layer 0.007 0.139 0.134 —-0.065
R JZELE Salinity of surface layer 0.060 0.056 0.007 0.028
JiEJ2 3 Salinity of bottom layer 0.009 0270  -0.016 0.048
RIZHERE DO of surface layer 0.116  —0.132 0.004 -0.086
JEJZVEf# 4 DO of bottom layer 0.062  —0.111 0.064  —0.114
%2 pH pH of surface layer -0.033 0.111 0.235  -0.025
Ji£JZ pH pH of bottom layer 0.037  -0.078 0.206 0.067
KR Water depth 0.128"  —0.023 —-0.030 0.038
4% % Chlorophyll 0.053 0.070 0.010 0.156"
A T RIZME/EK)Z pH Temperature/pH of surface layer 0.320"
Two variables R)ZEE /KR Salinity of surface layer/Water depth 0.146
IS 2 IR /R 23R F Temperature/salinity of bottom layer 0.371"
JiS )2 pH/M- 42 pH/chlorophyll of bottom layer 0.199™
—“HT RIZME/FR)Z pH/K)Z pH 0.344"
Three variables 1emperature/pH of surface layer and pH of bottom layer
FE R JZ 0 i KR 0.150°
Salinity of surface layer/DO of bottom layer/Water depth
JIEJR IR 2R B /4 R 0421
Temperature and salinity of bottom layer/chlorophyll
JIRJZERL /R )2 pH/H 4R 0.167"
Salinity and pH of bottom layer/chlorophyll
DY A T FZRE/RZEE /R 2 pH/IRZ pH 0319
Four variables Temperature and pH of surface layer and bottom layer
REZLENCEIE/KZ A/ KIR Salinity of surface 0.140°
layer/salinity and DO of bottom layer/water depth
JRZRE R ZERE /2R 2 pH/M 43K Temperature and salinity 0419
of bottom layer/pH of surface layer/chlorophyll
JEJZEL R pHIK IR/ 442 Salinity and pH of bottom 0.146"

layer/water depth/chlorophyll

* RN P<0.05; ** /R P<0.01
* denoted P<0.05; ** denoted P<0.01
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T 7 AT K S RN A DS S R AT
g, BRIl SR R I S W R R R RGO
BEACHR 42.1 ind/m’, X FEREH TROGH (Noctiluca
scientillans))” 1z . KM T 2 RIERKZEATIK
14 )25 V8 A 5 S, RO U I 3 7 1R B AR
4 100% , Hode KA H BAE A A K SR e 7R Y 539 5,
FERIA 5120.0 ind/m’, %Y R ARG A )
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YR 157.1, 122.5 mg/m®, AHFFE4EH 5 H
B R (S REE, 1991; £ 5055, 2002), &k
ARSI I 3 B A A e A T R R

Wi RN Y HER N 2360 BN
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KA EEESE 19-3 0 E R IME S, 15 YL
HENT 6200 km?®, i OB TS Y LA ] T
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The Ecological Characteristics of Zooplankton in the Central Bohai Sea

XU Donghui, SUN Xuemei, CHEN Bijuan”, XIA Bin, CUI Zhengguo,

ZHAO Jun, JIANG Tao, LIU Chuanxia, QU Keming

(Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture,
Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Studies on the species, abundance and distribution of zooplankton have been extensive and
mainly focused on either the entire or certain small parts of the Bohai Sea. In this study, we analyzed the
composition, abundance, dominant species, and biodiversity of zooplankton based on samples collected in
the central Bohai Sea in 2013. The distribution and its influencing factors were explored with multivariate
analysis according to the sampling date and environmental parameters. A total of 74 zooplankton
species/taxa (including 21 pelagic larvae) were identified in four surveys. Copepods were the most
abundant species. The numbers of pelagic copepod and medusa species accounted for 25.7% and 24.3%
of the total species respectively. The composition of the dominant species was consistent with previous
reports. The Calanus sinicus and Sagitta crassa were the dominant species. The abundance of C. sinicus
and S. crassa explained 19.5%-50.3% and 7.3%-39.6% of the total zooplankton abundance respectively.
In spring, the average abundance, the average biomass, the Shannon-Wiener index (H'), and the
Margalef's index (D) were 782.0 ind/m’, 157.1 mg/m’, 2.36, and 1.02 respectively. In summer, the values
of parameters above were 199.6 ind/m3, 135.8 mg/m3, 1.75, and 1.78. In autumn, they were 42.1 ind/m3,
122.5 mg/mS, 1.83, and 2.08 respectively. In winter, they were 72.1 ind/mS, 151.1 mg/m3, 1.63, and 1.53
respectively. The abundance and biomass fluctuated and showed distinct heterogeneity in the central part
of the Bohai Sea. There was a seasonal variation in the primary environmental factors that affected the
distribution of zooplankton. In spring, they were surface salinity, bottom DO, and water depth. In summer,
they were bottom temperature, bottom salinity, and chlorophyll. In autumn, they were surface temperature,
surface pH, and bottom pH. In winter, they were bottom pH and chlorophyll. Our research provided the
fundamental information on the long-term observation of zooplankton ecology in the central part of the
Bohai Sea. Compared to the data collected in 1959, 1998, and 2006, the number of species, abundance
and biomass of zooplankton have decreased.

Key words Bohai Sea; Zooplankton; Species composition; Diversity
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