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Abstract: Phytoplankton plays a vital role in marine ecosystem functioning. It generates roughly 50% of the global primary
production, affects the climate process and biogeochemical cycles and sets the upper limits to fishery yield. In addition, due
to its fast population responses to water quality and environment stressors, phytoplankton is usually employed as an indicator
for assessing eutrophication caused by excess nutrient input and ecosystem health. Jinzhou Bay (120°55'—121°14'E,40°
42'—40°52'N) is a small and shallow semi-enclosed bay in north China with a area of 151.5 km® and an averaged depth of
3.5 m. It has a long history of heavy pollution featured by water column eutrophication and heavy metals contamination. Two
cruises were carried out during August 2011 and May 2012 respectively to study the spatial distribution and assemblage
structure of phytoplankton as well as their ecological responses to the environment changes. Surface water phytoplankton
samples were collected at 26 stations and the relevant environmental parameters, i.e. water temperature, salinity, pH, DO,
SPM, and nutrient ( nitrate, phosphate, silicate ) concentrations were measured or sampled simultaneously. The
phytoplankton assemblages in Jinzhou Bay were mainly composed by diatom and dinoflagellates groups, and most of them

were temperate coastal types. A total of 62 species belong to 4 phylum and 41 genera were identified in the summer and
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spring cruises. Diatoms were dominant both in species number and cell abundance, with a relatively higher proportion of
benthic species. The phytoplankton community structures were significantly different between the two sampling periods. In
August 2011, the average cell abundance was 41.44x10° cell/L and the first two dominant species were Thalassiosira spp.
and Cerarium furca. In May 2012, the average cell abundance was 13.80x10° cell/L and the first two dominant species were
Cylindrotheca closterium and Skeletonema costatum. The species diversity was relatively higher in spring (mean 2.46) than
in summer ( mean 1.98). Multivariate ordination techniques were employed to explore the relationships between
phytoplankton species and environmental parameters by CANOCO 4.5. Detrended correspondence analysis ( DCA) for the
species data showed the maximum gradient length was lower than 3, therefore linear model was applied. Furthermore, the
results of redundancy analysis (RDA) indicated that nitrate concentrations and water temperature was the most important
influencing factor in summer and spring respectively. Compared with the historic data, the dominant phytoplankton species
significantly changed during the last 30 years. Smaller-sized phytoplankton and the species typically found in the
eutrophicated environment tended to dominant in Jinzhou Bay. In contrast, the Chaetoceros sp. and Coscinodiscus sp. which
were common and important in coastal areas, were both low in species number and cell abundance. This variation trend
suggested that the culture eutrophication together with other contaminants might produce certain impacts to the species
composition of phytoplankton community in Jinzhou Bay. Systematic and long—term monitoring and study is needed to reveal
the ecological responses of phytoplankton assemblage to environment changes and to identify the species capable of

indicating the water column eutrophication and heavy metal pollution status of Jinzhou Bay.

Key Words: phytoplankton assemblage structure; jinzhou bay; redundancy analysis; ecological responses
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Table 1 Dominant phytoplankton species in Jinzhou Bay
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Fig.2 Distribution of major dominant phytoplankton species in Jinzhou Bay
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Table 2 Comparison of environmental parameters inside and outside of Jinzhou Bay
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'7 (11.11) (8.07) (1.74) (28.86) (0.88) (14.09) (8.75)
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BRI AL 5 5 e B R L 0510 2 A Jnd 25 114 e ) ¥ v
SRR ARBL Y 1983 4F 6—7 NIV BRI 4R
FUBE N 1.0—2.0 mg/m’, 1991 4E 6 H—7 H RN
VT e KT 2 25 -4k R 4.70 mg/msm AR Y

#3 HMNEREEHE

PA A R B i T2 90 ARAR RART K,
AT RESC IR 1 A A W e R KA B SR AR B Y
M 7

£ 20 140 80 ARAR, Pt e ORI B SCHEAE Y Ay
i I R A 5 5 R S A T B, W B M B T
TR IR T 450 5 KRS P AR L OC R AT T )0
BT, BOCHESE Y B IR 5 R R R IR 5 7Kk
JE O B S8 BRI ) S5/ T DA A A W
MY FECE K ZZ I B Nitzschia longissima J&3 715
I BE R TR A PL T, 7T LB VR B NV B i 35
ThAEROXT 1980 4F 46,8 7 110 B M VSV T A4
MG 5 9L K R MBS R W], Py b i 23 4% )= 7E 1R
KRFEE 3275 G W) o3 A B 42 1, P e AR v 2% 5 IXC
G35 T M VS e Y RO T T, TP R B
KRB SR BTG R, TEA SRy pEsE,
B SR A A T R R R LR IR AE A L
Jot A= S s Y I R A BOR e, KEEE
PEAEAS YA A B 5 T (8 30000 23 240 L = B 2 A
%, B RIS R E W AE /], 30h A
— Al ST TR S R T G 1Y 48 s AE
FHH AR SX B RIF 5T 22 45 rh I 3 R TR K AT )
Fofr, DRI 1 7 s TG v 4 WK S T 3 A ) 2 5 X JR)
PR K AR 4 e s e B HR s

L5 L TIR M T i AR R TR O A AR R B Y
K2 2 Wty 1 — 2 By hy, HARSR I A4
Yy 9B, RS A S Hh 3 T SRR
(O TR PF AL ) RN R A3 o 0 2 BR T B A A ot
ABHEITTA] b B AN 2 21, 5 N S T AP ) 1 9 1) T
78 B e AR I P 1 M BB R TIE S

EEMEERBMHREN

Table 3 Historical changes of major dominant phytoplankton species in Jinzhou Bay

TEy H 13 Month SCHR S AL
Year 4 3 6 7 8 References
P 4 HAE WP 3 Paralia 0

1980 sulcata 25 ¥k B IE

Skeletonema costatum

Melosira moniliformis

7 EC LA I 35

(7]

Chaetoceros spp.

Guinardia striata
1987 (83%) IF i [7]

Coscinodiscus spp.

(15%)
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ARy J 6 Month SCHR S AL
Year 4 5 6 7 8 References
B ICJLN T
Guinardia striata
1991 (47%) J5 i e [7]
Coscinodiscus spp.
(13%)
(R i 41
Sketleltonema C. tortissimus |
costatum | - -
sulcata ( —. & Z M _ )
64.5%) (ZHZH59.6%)
WF 5% W Thalassiosira
spp- (39.5%) , X ffi .
2011 ¥ Ceratium furca AT
(27.2%)
o B
Skeletonema  costatum
2012 (29.6%) 1 H e BN

¥ Cylindrotheca
closterium ( 14.8%)

Brigt: [ SRR SR — PR T ST BT EORARBIE ST 5%
(315 A = QP N SR I 7 S B 4 1))
LWFFEEX 2 e o = B AR 75 9 45 A B A7 1 A
LUKz AR dl oo i TAR SR S B B, Rp B0
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Appendix 1 Phytoplankton species composition during summer and spring in Jinzhou Bay

Byt ar wr gz xp NOIE
Taxa Summer  Spring "o Tava Swmmer  Spring "o
fik# Bacillariophyta LGRS Pleurosigma affine + + Paff
KARMFEWE Achnanthes longipes + Alon SETHRIECHE Pleurosigma formosum + Pfor
HHIVE Amphiprora alata + Adla  FYBLE Pleurosigma sp. + + Pleu
KUH % Amphora sp. + RANhZE B Pseudo-nitzschia pungens + + Ppun
IR # Bacillaria paxillifera + Bpax  WIBHEH Rhizosolenia setigera + Rset
$RFT Bacteriastrum sp. + Bact PR E K Skeletonema costatum + + Scos
ZEBAF T Chaetoceros affinis + Caff  NEEW: Surirella sp. + Suri
FEAMEW Chaetoceros castracanei + Ceas  EHFF# Synedra spp. + Syne
AT Chaetoceros lorenzianus + Clor  RIRUFLWE Thalassionema frauenfeldii + Tfra
fAEE Chaetoceros sp. + SN Thalassionema nitzschioides +

JE YK B Cocconeis scutellum + Cseuw  UEEH: Thalassiosira spp. + + Thal
J& IIIE B/ NEAS R Cocconeis scutellum var. parva + Csewr HV3 Pyrrophyta

PR T8 Coscinodiscus radiatus + Crad  SUSA¥E Ceratium furca + Cfur
[R5 Coscinodiscus sp. + + Cosc  MHEFEH Dinoflagellate + Dino
Z5LN T Cuinardia delicatula + Cdel  #iREESE Dinophysis acuminata +

JNERBE Cyclotella sp. + Cycl B Dinophysis sp. +

FRBUNIEE Cyclotella striata + JEEIAFE Gonyaulax sp. +

B HH#EE Cylindrotheca closterium + + Cclo  JKFIEHTE Gonyaulax spinifera +

A FCXSUREE Ditylum brightwellii + + Dbri FEIH: Gonyodolax verior + Ger
ekF: Fragilaria spp. + Frag  HEREEHEE Gymnodinium catenatum + Geat
T LN HE Guinardia delicatula + K IRHUEH Karenia mikimotoi + Kmik
%ﬁiﬁﬁ@%’ T + Gfasv LG IR Akashiwo sanguinea +

Gyrosigma fasciola var.arcuata

JHY % Navicula spp. + Navi BEH'E Gymnodinium sp. + Gymn
URRFHE#E Navicula subcarinata + WEHEFR I Gyrodinium spirale + Gspi
RHESEIE M Nitzschia acuminata + Nacu VA% Gyrodinium spp. +

FFEC W Nitzschia hybrida + Nhyb  #/INER # Prorocentrum minimum +

KW Nitzschia longissima + + Nlon  Ji FIRZWHE Protoperidinium depressum +

B 328 Nitzschia longissima var. reversa + JRZH 4 Protoperidinium sp. + Prot
W H Nitzschia lorenziana + Nlor 4% Chrysophyta

Fili SLZEFR 5 TR AR

;Ei;f’j:f’vjialmm _— + NS REHEE Dictyocha fibula + + Dfib
S5V Nitaschia spp. + + Niz  Ba¥ Cryptophyta

HAEWAHIEE Paralia sulcata + + Psul B Cryptomonads + + Cryp
BB Pinnularia spp. + + Pinn BFPEL Total species number 62

AR LB Plewrosigma acutum +

HRFEY I, AR
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