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Abstract: Coastal waters are ecosystems of great human and ecological interest where complex processes occur. The
interaction of physical (e.g., coastal currents, upwelling, tides, and advection) , chemical ( variable chemical properties
including nutrient inputs) , and ecological (e.g., biological production and its dynamics, and prey/predator interactions )
processes induce high spatial and temporal variability in the water. This variability determines the abundance and structure
of different biological communities present in coastal waters, in particular zooplankton, which are at the lower levels of the
oceanic food chain. To understand coastal zooplankton community structure and explore its relationship with various

environmental factors, a zooplankton survey was carried out in Jincheng, Laizhou Bay. Fifteen sampling sites were chosen to
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study water temperature, salinity, transparency, COD, pH, Chl a, total nitrogen, and total phosphorus from March 2009 to
December 2010. Sampling and testing methods followed those of the Specifications for Oceanographic Surveys and
Specifications for Marine Monitoring. The relationships between zooplankton communities and various environmental factors
were analyzed by canonical correspondence analysis (CCA). A total of 75 zooplankton species, belonging to 14 taxonomic
groups , were recorded in Jincheng over the study period. Copepods and zooplankton larvae were the main taxonomic groups,
accounting for 29.3% and 26.7% of total species, respectively, followed by Hydromedusa accounting for 14.7%. Six
Amphipod, four Tunicate, four Gastropod, and two Ctenophora species were identified, accounting for 8%, 5.3%, 5.3%,
and 2.7% of all species, respectively; whereas only one species each of Cladocera, Chaetognatha, Isopoda, Mysidacea,
Euphausiacea, and Scyphomedusae were identified. The dominant species, which exhibited significant seasonal variability
(P < 0.05), were Sagitta crassa (Y= 0.24), Calanus sinicus (Y= 0.13), Centropages memurrichi (Y= 0.07), and
Acartia hongi (Y= 0.02). Similar seasonal variations in the zooplankton community were observed in 2009 and 2010. Four
zooplankton community structure types were observed from the cluster dendrogram; the zooplankton community similarity in
different months of the same season reached >40%. The zooplankton community structure in this area had high stability and
reproducibility. The highest zooplankton abundances were observed in October 2009 and May 2010, with 951.65 and 1348.
14 ind./m’ | respectively. The zooplankton species number reached its maximum in September 2009 and June 2010, with 48
and 40 species, respectively, and exhibited a significant seasonal difference (P < 0.05). The zooplankton biomass reached
its maximum in October 2009 and December 2010, and the mean 2009 biomass (648.48 mg/m’) was higher than that in
2010 (489.32 mg/m’). Margalef indices revealed an obvious unimodal annual variation trend with higher Margalef indices
in summer and lower in other seasons. Shannon-Wiener indices (H') were higher in both spring and autumn, showing an
obvious bimodal annual variation trend. The highest H' values were recorded in October 2009 and May 2010 at 2.6 and 2.7,
respectively. Pielou indices (E) exhibited the same bimodal annual variation trend as the Shannon-Wiener indices, and the
highest E values were recorded in October 2009 and May 2010 at 0.69 and 0.72, respectively. Canonical correspondence
analysis (CCA) indicated that water temperature and salinity accounted for most of the temporal variation in the zooplankton
community. The zooplankton community distribution was significantly correlated with water temperature, with a Pearson
correlation of 0.87 (P < 0.01) ; weaker correlations with pH, Chl @, COD, and transparency were recorded. Because different

species require different environments, the CCA biplot revealed the ecological suitability of zooplankton in this area.

Key Words: Laizhou Bay; Zooplankton community; Environmental factors; CCA
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2.1 HEHT

2009 K 2010 /K FREALFEbRaE AR 1 FraR 2009 27K 5% B BE Zmg = T 2010 45 4F 3435 BH B 20 ) Ry
2.95 m #12.57 m,09 4£ 9 HikF| i (4.3320.2)m, 10 4E 12 KRR (1.51£0.06) m, pH {E7E 10 4E 4
H kB8 (8.3320) |, [F4FE 12 H BRI SR {E ( 7.84+0.01) ,09 4 5 10 4EA94EY pH {43510 8.12 8.1,
JKIRAE 09 4F 8 H KBl (27.32+0.04) °C , [Al4F 12 H B FAK(E (2.24 £0.18) °C ,09 4E15 10 4EHJ4E K
Ty 51K 15.67 °C (16.06 C, COD £ 09 4% 10 H 5 = {H (1.67£0.07 ) mg/L, 78 10 4F 4 F & 2] 5 AR EH
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09 4F 12 H BFEIHRAMRIE (29.71£0.05) ,09 4E55 10 4 FI4EHIER 430518 30.37 .30.82,, Chla 7£ 09 4F 4 H ik FH
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R2 2009—2010 F M B SIEEIFRH W IALTIR
Table 2  Species list of zooplankton collected in Jinchen area of Laizhou Bay from 2009 to 2010

YrFh h T4 ErS| FFF ind/m* HEED 7R e
Species Latin name Abbreviate Average abundance Occurrence frequency Dominant
T Chaetognatha

T R Sagitta crassa SCRA 75.042 1 0.242
IKHRIKBEE Hydromedusa

IEAVIER 9 €5 Euphysora bigelowi EBIG 1.401 0.1 <0.02
J\BE P LK BE Rathkea octopunctata ROCT 9.494 0.15 <0.02
i FR KB Bougainvillia muscus BAUT 1.114 0.05 <0.02
IR KB Malagazzia taeniogonia PTAE 0.009 0.1 <0.02
T [Q K B Bougainvillia bitentaculata BBIT 0.007 0.05 <0.02
FKH KA Malagazzia carolinae PVIR 0.084 0.05 <0.02
PO SE KB Clytia folleata PDIS 1.935 0.25 <0.02
FeRAIKBE Catablema vesicarium TVES 0.010 0.05 <0.02
WU B AWK B Obelia dichotoma ODIC 0.022 0.05 <0.02
AL KA Obelia sp. OBSP 1.341 0.55 <0.02
FKIE KR Hydromedusae HYSP 0.644 0.5 <0.02
BROKBEZE Scyphozoa

W A kB Aurelia aurita AAUR 0.010 0.05 <0.02
ik B2 Ctenophora

Jl H A 7K B Euchlora rubra ERUB 0.405 0.05 <0.02
BRIE MKk Pleurobrachia globosa PGLO 4.303 0.25 <0.02
B Copepoda

T K & Centropages dorsispinatus CDOR 1.762 0.4 <0.02
AR ESIKF Oithona brevicornis OBRE 0.776 0.55 <0.02
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LY P T4 Arng i) FJ¥ ind/m? H B PR
Species Latin name Abbreviate Average abundance Occurrence frequency Dominant
AP ERK & Pseudodiaptomus marinus PMAR 0.108 0.25 <0.02
EWNEY € Monstrilla grandis MGRA 0.012 0.2 <0.02
7e [CYi K % Acartia clausi AGIE 3.741 0.4 <0.02
LEFEMKE Labidocera pavo LPAV 0.050 0.1 <0.02
A IR & Centropages memurrichi CMCM 46.313 0.45 0.067
S Esilb €y Oithona similis 0SIM 0.881 0.55 <0.02
RN ESEAK & Microsetella norvegica MNOR 0.172 0.4 <0.02
FRIRTE K & Tortanus forcipatus TFOR 0.028 0.1 <0.02
TRAIAPT K R Parvocalanus crassirostris PCRA 0.453 0.3 <0.02
I KRG K 2% Corycaeus affinis CAFF 0.562 0.65 <0.02
EREKF Tortanus gracilis TGRA 0.016 0.05 <0.02
HEICE Ak & Labidocera rotunda LROT 0.933 0.55 <0.02
Ut R G5 Rk Acartia hongi ABIF 19.057 0.35 0.022
KV K & Acartia pacifica APAC 1.119 0.4 <0.02
KPP TEKE Eurytemora pacifica EPAC 21.169 0.25 <0.02
wIRK K& Calanopia thompsoni CTHO 4.392 0.6 <0.02
INIFTIK & Paracalanus parvus PPAR 4.298 0.9 <0.02
HAE MK E Labidocera euchaeta LEUC 0.883 0.5 <0.02
LRSS UD€ Calanus sinicus CSIN 42.477 0.95 0.130
LERIEMKE Labidocera sinilobata LSIN 0.018 0.05 <0.02
T2 Cladocera

5 153k 1ok Penilia avirosiris PAVI 5.936 0.25 <0.02
T M Pelagic larva

By 7] ¥ )y Alima larva ALIL 0.391 0.35 <0.02
B Je gl ik Copepodite larva COPL 2.086 0.7 <0.02
LIRS A Porcellana larva PORL 0.728 0.5 <0.02
KB Maeruran larva MAEL 14.027 0.75 0.034
[SNEEE AN Brachyura larva BRAL 6.952 0.5 <0.02
Z BRI Polychaete larvae POLL 1.175 0.85 <0.02
T AERIN LN Holothuroidea larva HOLL 0.168 0.05 <0.02
RN TR i Echinoidea larva ECHL 10.405 0.3 <0.02
i3 A =ey N TRAIL: i Ophiuroidea larva OPHL 0.118 0.3 <0.02
AR RRY I RLEN Asteroidea larva ASTL 0.283 0.05 <0.02
IR L Lingula larva LINL 0.035 0.05 <0.02
WFEH L) Bivalvia larva BIVL 2.179 0.85 <0.02
JHe At 7S 4y e Balanidae sp nauplius larva BALL 0.542 0.5 <0.02
A Nail NAIL 0.295 0.4 <0.02
=L Fish egg FISE 0.445 0.55 <0.02
FFHEfE Fish larva FISL 0.471 0.5 <0.02
SU Y AILUN Cladocera larva CLAL 0.026 0.15 <0.02
I=ECLIICAITIN Actinotrocha larva ACTL 0.089 0.2 <0.02
7SI Z AL Arachnactis larva ARAL 0.120 0.1 <0.02
R Ephyra EPHY 0.003 0.05 <0.02
Wi sh Tunicate

KREMHEE Oikopleura longicauda OLON 0.021 0.1 <0.02
FaRE ik Otkopleura rufescens ORUF 3.851 0.05 <0.02
SRR Oikopleura dioica 0DIO 2.131 0.35 <0.02
i Dolioletta gegenbauri DGEG 2.208 0.05 <0.02
Ui S Amphipoda

ity JE 2 Amphipod AMPH 0.023 0.05 <0.02
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Yy hT ¥4 4iimgin] FFF ind/m* R BUATR e
Species Latin name Abbreviate Average abundance Occurrence frequency Dominant
EAL Gammarid GAMM 0.930 0.4 <0.02
LY Corophium sp. CORO 0.058 0.15 <0.02
FAF R Caprellid SSHR 1.135 0.35 <0.02
SRGEEEAL Gammaropsis utinomii GUTI 2.945 0.2 <0.02
PSS Themisto gracilipes TGRA 0.157 0.25 <0.02
JiE R Gastropoda

JiE Gastropoda GAST 4.126 0.3 <0.02
JedZ Bullacta exarata BEXA 0.002 0.05 <0.02
R Pteropod PTER 0.010 0.05 <0.02
o 12 Limacina trochiformis LTRO 0.026 0.1 <0.02
E e S Isopoda

Ry e S Isopoda ISOp 1.002 0.5 <0.02
S Mysidacea

BEdR Mysidacea MYSI 0.006 0.05 <0.02
WRIRS Euphausiacea

TR Fuphausid EUPH 0.003 0.05 <0.02

2.3 TRIESIREE S

nE 2 s AR F B AR A 2 I ) b AR A, 2009 4F 5 2010 AR AR SR, 3—4 H A
YIE B LA AR, ) 5 7 O T v 3k 31— 4 24 v 1 i = 1B (2009 4F 951.65 ind/m*, 2010 4F 1348.14 ind/
m*), N6 A E] 12 7, A 1% WA R B AR T B34, 2009 45 2010 477 i sl A= 1 2% B 1) 25 1k
EEFE AL A Y E 258 310.81 ind/m* Al 314.57 ind/m’,

AW AE 3—8 A AR Ak 55 AR Wy % B A O ARARL, 7E 5 T 3 35 B 448 B 5 {8 (2009 4F 1751.88 mg/
m*,2010 4 854.95 mg/m*) , 2009 4155 2010 4EMAE Y ARk 8 Ay TR J5 Gl - F+, 43 5I7E 10 H 4 i
12 A0k 84 i 58 s, SO A AR S 0 UG AR AR AR AR | 2009 4F 1A P B 45 2010 4RI 5, 4R34
Y359 h 648.48 mg/m* 1 489.32 mg/m’ .

TEIFSI RN A B 2SR A S W S Y R AE 3 4 R AR A b A A A H ) -
JURMIFIES Y, 5 A AR FFIG RN, 2] 6—9 H {735 2| 448 1) i = 8. (2009 4F 48 Ff, 2010 4F 40 F) , A 9 H 4 FF

RIF IS AN BOT r 218 N 1%, —EH) 11,12 A FRERIEARAE.,
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Fig. 2 Zooplankton community variation in 2009 and 2010 including density, biomass, species, richness, diversity and evenness
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Fig. 3 Abundance variation of dominate species in 2009—2010
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R3 FENMETIER SRR R FHEXE
Table 3 Pearson correlations of main environmental factors and parameters of zooplankton community
. FE TR EX7/h s ZHAETREL
AR Abundance Number of species Biomass Diversity index
Environment factors
R P R p R P R P

PR pH -0.095 0.692 0.185 0.434 -0.480 * 0.032 0.070 0.771
K WT 0.246 0.295 0.870 ™ 0.000 0.008 0.975 0.336 0.147
AT COD 0.172 0.469 0.394 0.086 0.466 0.038 0.229 0.332
R Salinity 0.484 " 0.031 0.437 0.054 -0.226 0.338 0.223 0.344
442 a Chl 0.221 0.349 0.182 0.444 -0.105 0.659 0.494 0.027
#EWJE Transparency 0.249 0.289 0.062 0.795 0.374 0.104 0.063 0.791
A TN -0.129 0.588 -0.196 0.407 -0.014 0.954 0.088 0.711
S TP -0.078 0.745 0.194 0.413 -0.010 0.966 0.247 0.294

*0.05 BEKFE(WE) ;

*0.01 BEKFE(WE)
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