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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 Sagitta 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 zooplankton 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 JiaoJiang runoff was a prime ecological characteristic of zooplankton in

this region.
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Table 1 Species list and ecological groups of zooplankton

( Euphausia pacifica) o

( Diphyes chamissonis)

) Month ) Month
Species Eco-group 7 10 Species Eco—group 4 7 10
Clytia hemisphaerica A# Paracalanus aculeatus O#
Sagitta nagae A# + Pseudeuphausia sinica Oo#

Corycaeus affinis A# + Aequorea conica O# +
Euchaeta plana A# + Atlanta depressa O x +
Sugiura chengshanense A# + Candacia bradyi O x +
Labidocera bipinnata A# + o+ Cypridina dentata O x +

Muggiaea atlantica A# + Undinula darwinii O +
Paracalanus parvus A# + Sagitta enflata Ox + o+ +
Acanthomysis longirostris A# + Cresels acicula O +

Labidocera euchaeta A# + Labidocera acuta O x +
Calanus sinicus A# + Euchaeta concinna O x + +
Agadina syimpsoni A X + Solmundella bitentaculata O x + +
Euphausia pacifica A X + Lovenella assimile O x +
Sagitta bedoti O# + o+ Lestrigonus bengalensis O x + +
Centropages dorsispinatus O# + o+ Corycaeus rostratus O x +
Centropages furcatus O# + Lensia subtiloides O + +
Eirene brevistylus O# + o+ Undinula vulgaris O x +
Pontellopsis yamadae O# + o+ Liriope tetraphylla O + +
FEvadne tergestina O# + Krohnitta pacifica O x +
Blackfordia virginica O# + Canthocalanus pauper O +
Beroe cucumis O# + o+ Hyperioides sibaginis O x +
Schmackeria poplesia O# + Leptochela gracilis O x +
Acanthomysis laticauda O# + Doliolum denticulatum Ox
Gastrosaccus pelagicus O + Sagitta ferox O x +
Corycaeus dahli O# + Eucalanus subcrassus O +
Pleurobrachia globosa [OP + o+ Scolecithricella longispinosa O x +
Centropages tenuiremis O# + Otkopleura longicauda O +

Diphyes chamissonis O# + o+ Euconchoecia aculeata O x + +

Acartia pacifica O# + o+ Lucifer intermedius O + +
Calanopia thompsoni O# + Temora stylifera O x +
Eirene menoni O# + o+ Temora turbinata O x +

Oikopleura dioica O + Aglaura hemistoma Y +
Temora discaudata O# +
A O P A
2
Table 2 The seasonal distribution of each eco-group
Month Eco-group Sum
4 6 0 6
1 2 3
7 2 9
7 10 2 12
16 18 34
26 20 46
10 6 0 6
15 24 39
21 24 45
3 Total 11 2 13
20 31 51
31 33 64
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Table 3 Species richness of each eco-group in different seasons
Eco-group
Month Area
4 Inside Waters 6 2 8 0
Central Waters 5 2 7 0
Outside Waters 5 3 7 1
7 Inside Waters 8 24 22 10
Central Waters 8 23 21 10
Outside Waters 8 28 23 13
10 Inside Waters 3 16 15 4
Central Waters 5 23 20 8
Outside Waters 3 36 21 18
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Table 4 Seasonal variation of zooplankton abundance for each eco-group
Eco-group
Month Area
4 Inside Waters 0.46 0.001 0.46 0.001
Central Waters 5.01 0.001 5.01 0.001
Outside Waters 0.55 0.004 0.5 0.05
7 Inside Waters 0.05 0.2 0.19 0.06
Central Waters 0.28 0.25 0.33 0.2
Outside Waters 0.08 0.14 0.11 0.11
10 Inside Waters 0.001 0.03 0.02 0.01
Central Waters 0.003 0.078 0.05 0.03
Outside Waters 0.001 0.06 0.03 0.03
3.1
1 2 4 55.56%
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