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The influence of upwelling and water mass on the ecological group distribution of

zooplankton in Zhejiang coastal waters
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Abstract: The Zhejiang region experiences coastal upwelling characterized by low temperatures and high salinities
throughout the year but particularly during the summer months. The upwelling in this area brings nutrients from the bottom
to the surface, providing nutrients for large numbers of breeding plankton. The large quantities of zooplankton are a major
food source for many fish and consequently the offshore waters of Zhejiang are productive fishing grounds. Another effect of
the upwelling is that temperate warm water species that normally occur in deeper waters and offshore species are taken along
with the current resulting in shifts in local zooplankton species composition and changes to the ecological structure and
function of this group.

This research was based on data from three oceanographic surveys in the offshore waters of the Yushan fishery during
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April, July and November of 2010. Using quantitative and qualitative methods, the primary aim of this paper was to
examine the influence of upwelling on the ecological distribution of zooplankton in this area. A total of 64 species mainly
dominated by copepods were identified which were classified into five major ecological groups including coastal temperate
warm water species, offshore temperate warm water species, coastal subtropical water species, offshore subtropical water
species and oceanic tropical water species. Coastal temperate warm water species were prevalent in spring, coastal
subtropical water species and offshore subtropical water species in summer and subtropical species in autumn. The higher
abundance of temperate warm water species such as Calanus sinicus, Paracalanus parvus and Sagiita nagae in summer
relative to spring and autumn was primarily caused by the upwelling that transported these species from the bottom to the
surface. This phenomenon is very different from the hydrodynamic processes that occur in the East and Yellow China Seas.
Additionally, coastal species were the dominant zooplankton group, which means that coastal currents have the greatest
influence on species composition in these waters. According to the research of Hu Dun-Xin, the main power of the Zhejiang
coastal upwelling comes from the upward movement of subsurface water from the Kuroshio current as it follows the
continental shelf. The subsurface water of the Kuroshio current runs southeast to northwest and shifts to the east forming an
upwelling when it is blocked by the Chen Island Archipelago. With low temperatures and high salinities, the subsurface
water of the Kuroshio current carries temperate warm water species and offshore species. As a result, during periods of
coastal upwelling temperate warm water species are carried to the surface from the bottom, producing the unusual
phenomenon were the number of temperate warm water species in summer is higher than in spring and autumn, contrary to
the situation in other areas that have similar climatic conditions. In terms of abundance, coastal temperate warm water
species accounted for 98.79% of the zooplankion in April and also a large proportion in July, whereas coastal subtropical
water species were the dominant zooplankton group in October. Upwelling leading to the appearance of large numbers of
temperate warm water species is a key factor affecting the ecological composition of zooplankton in these waters. The
dominance of coastal species that are influenced by Jiao-Jiang runoff was a prime ecological characteristic of zooplankton in

this region.

Key Words: upwelling; zooplankton; eco—group; temperate warm water species
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(2) BRI AMNEEFD 3R AEIR (Agadina syimpsoni ) FUAEFEBENT ( Euphausia pacifica)

(3) WHHITIGEFN K 95 HE K 5% (Acartia pacifica) \ BUE KB ( Diphyes chamissonis ) F1 H A& {15 B MR

( Pseudeuphausia sinica) ,

*1

R E R E EERM T

Table 1 Species list and ecological groups of zooplankton

144 Species A ERE M F45 Species AT M
Eco-group 4 7 10 Eco-group 4 7 10
2R 8 K B Clytia hemisphaerica A# I K Paracalanus aculeatus O# +
g HF . Sagitta nagae A# + HAEAEBEIF Pseudeuphausia sinica O# +
BB KRRGIIKE Coryeaeus affinis At + HETE 297K B Aequorea conica O# +
S B K F Euchaeta plana A# + Jiit IR Atlanta depressa O x +
g 111 75 B /KB Sugiura chengshanense A# + (AR K% Candacia bradyi [op +
WU F 7K 3% Labidocera bipinnata A# +  +  NBIBE Cypridina dentata Ox +
TLffi/KEE Muggiaea atlantica A# + KRR KFE Undinula darwinii O x +
/NI K & Paracalanus parvus A# + + JiluYiEa s Sagitta enflata O x + 4+ +
KAFHNEER Acanthomysis longirostris A# + REENEIE Creseis acicula O X +
HANE /K E Labidocera euchaeta A# + R & /K F Labidocera acuta O X +
AP IK & Calanus sinicus A# + BB IK F Euchaeta concinna O x + +
WA IR Agadina syimpsoni A% + Wi T KB Solmundella bitentaculata O* + +
KIF-HEWEIF Euphausia pacifica AR + BRIk EE Lovenella assimile O +
S Sagitta bedoti O# + o+ iR K Lestrigonus bengalensis O + +
TEF IR K Centropages dorsispinatus O# +  +  REHKRIREIKE Corycaeus rostratus O x +
) K Centropages furcatus O# +  WYIIRE KB, Lensia subtiloides O * + +
SEARFN- 7K B Eirene brevistylus O# + o+ MWK Undinula vulgaris O x +
Alifai faK &% Pontellopsis yamadae O# + o+ UHNEKEE Liriope tetraphylla O x + +
MERE = F3% Evadne tergestina O# + KF-HEAEH Krohnitta pacifica O +
B INFE 58K B Blackfordia virginica O# + AN K & Canthocalanus pauper O +
JIIKEE Beroe cucumis O# + o+ PYERURHUR Hyperioides sibaginis O +
KERIFIK T Schmackeria poplesia O# + ANEENF Leptochela gracilis O +
e R AIBEER Acanthomysis laticauda O# + N RS Doliolum denticulatum O x
VRN Gastrosaccus pelagicus O + XITE i H Sagitta ferox O +
SERIRGIK T Corycaeus dahli O# + Wik A K% Eucalanus subcrassus O x +
BRBIMI G K ) Pleurobrachia globosa Ox +  +  KHVNESEIKE Scolecithricella longispinosa O x +
5 Il 7K 2 Centropages tenuiremis O# + K B2 Oikopleura longicauda O* +
WAz K HE: Diphyes chamissonis O# +  +  EHIETFE Euconchoecia aculeata O * + +
KGR K & Acartia pacifica O# + o+ o+ HREIEEIF Lucifer intermedius O + +
WIRK R K FE Calanopia thompsoni O# +  HIETEKF Temora stylifera O x +
MFAN-7K B Eirene menoni O# +  +  HEIETEKE Temora turbinata O +
SERAESE IR Oikopleura divica O x + +  2BIHIKE: Aglaura hemistoma Yo +
SR IEIKE Temora discaudata O# +

AFTRBERAF R, O FoR AT #37R IR, X R INERR, v FR il R

*R2

e PP e S

Table 2 The seasonal distribution of each eco-group

H 4y Month H AR Eco-group T T VNGE /It Sum
4 % e 6 0 6
A 1 2 3
/N 7 2 9
7 R T il 10 2 12
AT 16 18 34
N 26 20 46
10 I ekt Fof 6 0 6
MR 15 24 39
N 21 24 45
3 ALK ETT Total W Ty Fif 11 2 13
At Fofr 20 31 51
INH 31 33 64
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(4) WHHT INEFD KGN K 5 ( Euchaeta concinna) VT BEREUF ( Gastrosaccus pelagicus ) FIAR BE T B
(Sagitta enflata) .

R WA RS B I R e Y e R B R AT SN T i L9 7 A 2 R RK = R[], 17 S A 30 T A
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AR SRR R
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HI 28 3 W L & A SRR B RAA  R 5 8k , ARZRRIE AN [A] K AR I Tty A R I ARG o e
VRPN INEE AR 52 LGN A% = | TR Sl AR 2SR AR 2R MR AR R Vi A o 2 A AR Oy B R S A R R
rh 5, BRI SRR K, H B IR A A S BOR B 20 SMNK S, SN R R Boh B 5 i 1
., Bz, 2 R MR W ZETT, MR Z | TR o X — I R B 2 W A 52T

Table 3 Species richness of each eco-group in different seasons

H 25268 Eco-group

H 1)y Month X8} Area

I $hLf5 il M R SR HMEERD
4 Pl Tnside Waters 6 2 8 0
s Central Waters 5 2 7 0
AMIl Outside Waters 5 3 7 1
7 Pl Tnside Waters 8 24 22 10
1B Central Waters 8 23 21 10
HMI| Outside Waters 8 28 23 13
10 Pl Tnside Waters 3 16 15 4
1B Central Waters 5 23 20 8
HMIl Outside Waters 3 36 21 18
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Sk KR (Y PSR E AR BR300 R T ek, MR S 0 A FE 38 50, P AL RIS 2D 10 A Bk P i f 2 22 A A
2 WK P S R - 1 3 5 7 A BB BB 7 A WL A
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Fig.2 Distribution of species richness for zooplankton in April, 2010
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Fig.3 Distribution of species richness for zooplankton in July, 2010
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Fig.4 Distribution of species richness for zooplankton in October, 2010
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Table 4 Seasonal variation of zooplankton abundance for each eco-group
H: 525 Eco-group

H 1 Month X3 Area — - -

I s o AR FD SR PINGEE

4 Pl Inside Waters 0.46 0.001 0.46 0.001
1% Central Waters 5.01 0.001 5.01 0.001

HMI Outside Waters 0.55 0.004 0.5 0.05

7 Pl Tnside Waters 0.05 0.2 0.19 0.06

HE8 Central Waters 0.28 0.25 0.33 0.2

HMIl Outside Waters 0.08 0.14 0.11 0.11

10 P Inside Waters 0.001 0.03 0.02 0.01
H1#B Central Waters 0.003 0.078 0.05 0.03

SMIIl Outside Waters 0.001 0.06 0.03 0.03

3 itig

3.1 FREANIRZEAY I A 2SRRIl
HIE 1 A 2 Al UL 4 H 031 sh 4 32 20 IR A Y oAl 1l , B RP IS BAY 55. 56% , 2 AL AR
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Fig.7 Horizontal distribution of zooplankton Abundance in October of 2010
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