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ABSTRACT 

This study investigates the spatial distribution of copepods 

and its relationship with water masses across a frontal area 

induced by the China Coast Current and the Kuroshio Branch 

Current in the Taiwan Strait.  Temperature and salinity was 

lower of stations showed significant stratification and lower in 

the China Coastal Current, but absent or higher in the Kuroshio 

Branch Current.  In this study, 73 copepod species belonging to 

36 genera, 18 families and 3 orders were identified.  Assem-

blages of the copepods were divided into three groups KBG, 

MG and CCG, driven from cluster analysis and were associated 

with different water masses. Copepods were abundant in the 

group CCG (53.5 ± 18.5 inds/m
3
) and in the frontal waters (MG, 

52.9 ± 43.1 inds/m
3
) than in the group KBG (25.2 ± 5.7 inds/m

3
).  

Copepods were more diverse in the KBG and MG than in the 

CCG. Most of the dominant species in the KBG belong to warm 

water species, such as Acrocalanus gibber, Canthocalanus 

pauper, Clausocalanus furcatus, Clausocalanus minor and 

Clausocalanus mastigophorus.  While the group CCG included 

indicator species such as Calanus sinicus and Ditrichocory-

caeus affinis and coastal/neritic or widely distributed species.  

In the MG, Paracalanus parvus, Paracalanus aculeatus, Ac-

rocalanus gibber, Ditrichocorycaeus affinis and Temora tur-

binata were dominant. 

 

I. INTRODUCTION 

The Taiwan Strait (TS) connects the East China Sea (ECS) 
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and South China Sea (SCS), and lead the seasonal hydrographic 

exchange between both of them driven by the seasonally mon-

soon system [21, 23].  The northeast (NE) monsoon prevails and 

forces the waters of East China Sea flowing southward along the 

China coast into the Taiwan Strait in the form of the China 

Coastal Current (CCC) in winter [5, 23, 27, 29].  In the south-

eastern TS, the deep Penghu Channel (PHC) guides the Ku-

roshio Branch Current (KBC) intruding northward into the TS 

[8-9, 22-23]. A zonal oceanic front is formed over the 

Chang-Yuen Ridge (CYR) where the CCC and the KBC meet 

[21, 27, 29].  In the TS, northward transport of the KBC is small 

or not persistent [22-23, 29, 36] in contrast to the southward 

transport of the CCC [27] in winter. 

Copepods are the most abundant zooplankton in the ocean 

and a main food source for marine fish larvae [17, 25-26, 37, 

41]. Their abundance and distribution are known to be influ-

enced by hydrographic conditions [1, 15, 24, 38], and they have 

been suggested to provide be good biological indicator species 

for water masses [44]. They are also the best biomarkers for 

trace metals monitoring marine environments [13]. 

Physical and chemical oceanography in the TS has been in-

vestigated fairly comprehensively in winter [5, 8-9, 21-23, 27, 

29, 36].  Several studies focusing on copepods have been done 

in the TS.  Copepod composition in the vicinity of Tanshui 

River estuary [10, 14, 20, 39-40], northern TS [15-16, 24] and 

southern TS [18, 31-33] have been recorded.  Hsieh et al. [16] 

reported the composition and distribution of copepods and 

larval fishes in relation to hydrographic factors.  Transportation 

of copepods derived by specific currents have also been re-

ported, such as Undinula vulgaris [43] and Calanus sinucus [19] 

being transported by the South China Sea Current and China 

Coastal Current, respectively. 

Weather conditions of the study area during the NE monsoon 

season were usually rough, and therefore, sampling was difficult 

and dangerous in winter.  The winter composition of copepods 

in the frontal area resulting from the CCC and the KBC has not 

been studied as yet.  This study intended to examine the spatial 

distribution of copepods and its relationship with water masses 
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across the frontal area caused by the CCC and the KBC in TS. 

II. MATERIAL AND METHODS 

Copepods were collected with a Bongo plankton net during 

cruise 635 in January 2002 on board of the Ocean Research I 

(Fig. 1 and Table 1).  Bongo net had a mouth diameter of 60 cm, 

mesh size of 335 m and was towed obliquely.  A flowmeter was 

mounted at the center of the net opening.  The zooplankton 

samples were preserved in sea water with 5-10% formalin. 

  At each station prior to collecting plankton, temperature and 

salinity at different depths were obtained by lowering a CTD 

profiler from the sea surface to a depth near the bottom.  In the 

laboratory, each zooplankton sample was repeatedly divided 

with a Folsom splitter until its subsample containing 300-500 

specimens of copepods.  The specimens were sorted and iden-

tified to species if possible by using major references for the 

area [3-4, 7].  NOAA satellites provide SST measurements from 

AVHRR showing the spatial distribution of surface temperature.  

AVHRR images with 1.1 km spatial resolution were obtained 

from the Department of Environmental Biology and Fisheries 

Science, National Taiwan Ocean University. 

Shannon’s diversity index was used to calculate the species 

diversity and Simpson’s evenness was used to measure the 

relative abundance of species at each station [2, 34].  Shannon’s 

diversity index and Simpson’s evenness were processed by the 

PRIMER (version 5) program.  A cluster analysis with nor-

malized Euclidean distances was used to measure the levels of 

similarity in species composition among the sampling stations, 

and Ward’s method was used to illustrate their relations as a 

dendrogram.  The cluster analysis was processed by the 

STATISTICA (version 6.0) program.  Copepod abundance was 

transformed by logarithmic function [Ln(N+1)] for cluster 

analysis. 

 

III. RESULTS 

1. Hydrography 

Hydrographic parameters in the Taiwan Strait are highly in-

fluenced by the northeasterly monsoon in winter.  Spatial dis-

tribution of the sea surface temperature derived from 

NOAA/AVHRR is useful for showing the hydrographic condi-

 
Fig. 1. Topography and locations of sampling stations (solid triangle) 

with isobaths at 30 and 50 m depth in this study area. 

 

Table 1. Locations, sampling times, copepod abundance, Shannon’s diversity index and Simpson’s evenness of each sampling station in winter 

2002. 

Stations: ST1 ST2 ST3 ST4 ST5 ST6 ST7 ST8 

Longitude (
o
E) 120o 08’ 120o12’ 120o 07’ 120o 00’ 119o 57’ 119o 54’ 119o 51’ 119o 51’ 

Latitude (oN) 23o 51’ 24o 20’ 24o 23’ 24o 24’ 24o 24’ 24o 22’ 24o 19’ 24o 01’ 

Date Jan. 4 Jan. 4 Jan. 4 Jan. 4 Jan. 4 Jan. 4 Jan. 4 Jan. 5 

Time 13:25 16:48 18:56 20:26 22:02 00:12 02:02 05:09 

Copepod abundance (inds/m3) 22.9 22.4 42.3 68.4 83.4 32.0 18.8 27.1 

Shannon’s diversity index 3.88 3.91 3.17 3.13 4.07 3.89 4.12 4.07 

Simpson’s evenness 0.73 0.80 0.72 0.64 0.81 0.75 0.82 0.74 

 

 
Fig. 2. Spatial distribution of the sea surface temperature derived 

from NOAA/AVHRR during sampling period.  Sampling sta-

tions are marked as red solid circles are our. 
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tion in our study period (Fig. 2). The steady and strong north-

easterly winds push the freh, cold China Coastal Current 

southward. At the same time, the salty and warm Kuroshio 

Branch Current flowed northward through the Penghu Channel 

towards the Taiwan Strait.  The KBC flows westward when it is 

blocked by the shallow CYR and the CCW in the middle of TS.  

Variations of temperature and salinity are steady and higher at 

stations located at the KBW (stations ST1, ST6, ST7, ST8; Fig. 

3) in contrast to those in the CCW (stations ST3, ST4) and 

mixing waters (MW, stations ST2, ST5). Temperature and sa-

linity of stations in the KBW varies from 21.0 to 22.8 ºC and 

34.5 to 34.7 psu, respectively, and 18.0 to 20.0 ºC and 33.1 to 34 

psu in the CCW. Vertical distributions of the temperature and 

salinity of stations show significant stratification phenomena in 

the CCW, but are absent in the KBW. Temperature and salinity 

in stations located in the CCW show lowest value at the surface 

 
Fig. 3. Vertical temperature-salinity profiles at 8 sampling stations 

(ST1-8). 

 

 
Fig. 5. Dengrogram resulting from cluster analysis based on the copepod communities of the 8 sampling stations in the Taiwan Strait, and the 

dominant species, mean Shannon diversity index and evenness of each grouped stations. 

 

 
Fig. 4. Spatial distribution of copepod abundances (sampling stations as 

solid triangle). 
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and increase with depth. 

2. Copepod Assemblages 

Copepods were abundant at stations located at the CCC  

(53.5 ± 18.5 inds/m
3
) and in the frontal waters (52.9 ± 43.1 

inds/m
3
) than in the KBW (25.2 ± 5.7 inds/m

3
, Fig. 4).  In the 

present study, 73 species of copepods belonging to 36 genera, 

18 families and 3 orders were identified (Table 2). According to 

the results of a cluster analysis, the sampling stations were 

divided into three groups, KBG, MG and CCG, at linkage dis-

Table 2. Occurrences of copepods in difference waters. * < half of n; half of n < ** < n; *** = n; n are number of stations in each water. 

Species FW CCW KBW Species FW CCW KBW 

ORDER CALANOIDA

ACARTIIDAE EUCALANIDAE 

Acartia danae **  * Paraeucalanus attenuatus **

Acartia hongi *** *** *** Rhincalanus rostrifrons ** **

Acartia pacifica *** *** ** Subeucalanus crassus *** ** *

AUGAPTILIDAE Subeucalanus mucronatus ** *

Haloptilus mucronatus * Subeucalanus subtenuis 

CALANIDAE EUCHAETIDAE 

Calanoides carinatus * Euchaeta concinna *** **

Calanus sinicus ** *** ** LUCICUTIIDAE 

Canthocalanus pauper *** *** *** Lucicutia curta *

Cosmocalanus darwini *** *** Lucicutia flavicornis *** ** ***

Nannocalanus minor ** ** ** METRIDICIDAE 

Neocalanus gracilis * Pleuromamma gracilis ** ** ***

Neocalanus robustior ** * Pleuromamma robusta *

Undinula vulgaris * ** PARACALANIDAE 

CANDACIIDAE Acrocalanus gibber *** *** ***

Paracandacia bispinosa * Acrocalanus gracilis *** *** ***

Paracandacia truncata * Acrocalanus monachus *** **

CENTROPAGIDAE Calocalanus pavo ** **

Centropages furcatus * Paracalanus aculeatus *** *** ***

Centropages gracilis * Paracalanus parvus *** *** ***

CLAUSOCALANIDAE PONTELLIDAE 

Clausocalanus arcuicornis ** *** ** Calanopia minor **

Clausocalanus farrani *** ** ** Labidocera euchaeta * *

Clausocalanus furcatus *** *** *** SCOLECITHRICIDAE 

Clausocalanus lividus * ** Scolecithricella abyssalis **

Clausocalanus mastigophorus *** ** *** Scolecithricella minor ** *** **

Clausocalanus minor *** *** *** Scolecithricella longispinosa **

Clausocalanus parapergens * Scolecithrix danae *

Ctenocalanus vanus ** ** TEMORIDAE 

 Temora discaudata ** ***

 Temora turbinata *** *** **

ORDER:CYCLOPOIDA 

OITHONIDAE 

Oithona plumifera *** *** *** Oithona similis *

Oithona setigera *** Oithona tenuis *

ORDER POECILOSTOMATOIDA         

CORYCAEIDAE 

Agetus flaccus ** Onychocorycaeus catus **

Agetus limbatus * Onychocorycaeus pacificus ** **

Agetus typicus ** ** Farranula carinata *

Corycaeus clausi * Farranula concinna *

Corycaeus crassiusculus *** ** Farranula gibbula ** **

Corycaeus speciosus *** ** *** ONCAEIDAE 

Ditrichocorycaeus affinis *** *** ** Oncaea conifera *

Ditrichocorycaeus andrewsi * Oncaea mediterranea *

Ditrichocorycaeus dahli ** ** ** Oncaea venusta *** *** ***

Ditrichocorycaeus erythraeus * SAPPHIRINIDAE 

Monocorycaeus robustus * Sapphirina angusta *

Onychocorycaeus agilis *** *** **
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tance 25 (Fig. 5).  Stations of group KBG (ST 1 and ST6 to ST8) 

located in the warm water area influenced by the KBC, while the 

waters of group CCG was introduced by the CCC.  And stations 

in group MG were situated in the mixing waters resulting from 

the KBC and CCC.  Shannon diversity index and Simpson’s 

evenness showed stations in groups KBG and MG with higher 

copepod diversity and evenness in contrast to those in the group 

CCG (Table 1 and Fig. 5).  The dominant species in the KBC 

were Paracalanus aculeatus (47 inds/m
3
), Acrocalanus gibber 

(20 inds/m
3
), Canthocalanus pauper (15 inds/m

3
), Clausoca-

lanus furcatus (12 inds/m
3
) and Oithona plumifera (12 inds/m

3
).  

Where in the CCW were Paracalanus parvus (137 inds/m
3
), 

Paracalanus aculeatus (76 inds/m
3
), Acartia pacifica (40 

inds/m
3
), Acrocalanus gibber (40 inds/m

3
) and Acartia pacifica 

(40 inds/m
3
).  And in the MW, Paracalanus parvus (71 inds/m

3
), 

Paracalanus aculeatus (66 inds/m
3
), Acrocalanus gibber (46 

inds/m
3
), Ditrichocorycaeus affinis (29 inds/m

3
) and Temora 

turbinata (25 inds/m
3
) were dominant.  

  

IV. DISCUSSION 

The marine environment of the area studied here is influenced 

by monsoon systems and bottom topography [21, 23].  The 

southward flowing CCW confronted the northward flowing 

KBW and forming a zonal oceanic front around the CYR in the 

middle of the strait [21, 27, 29].  There exists saline subsurface 

water with stable characteristics in the northern TS, following 

the T-S curves of the SCSC and KBC throughout the year [23].  

The brackish CCC flowed into the study area and formed a 

thermocline with the saline subsurface water.  The CCW re-

ceived ample supply of nitrate from riverine discharges, most 

notably from Changjiang [45], with a maximum concentration 

of nutrients (NO3) and Chl-a at the surface decreasing with 

depth [12].  Liu et al. [30] also reported that nitrate fluxes were 

highest associated with the CCC in winter.  In contrast to the 

KBC provides a strong western boundary current, with low 

nutrient concentrations flowing northward through the PHC into 

the TS in winter [6].  Copepods were abundant in the CCW and 

the FW in this study being associated with a sufficient support of 

available food.  Species diversity and richness of copepods were 

higher in the KBW and FW but lower in the CCW in this study, 

and were similar to previous studies [15-16, 24, 38].  In our 

study, 73 species of planktonic copepods were found.  This 

result is higher than the records of Hsieh and Chiu [14] (62 

species) and Hsieh et al. [15] (70 species), but lower than re-

ports of Lan et al. [24] (116 species) and Hsieh et al. [16] in the 

sampling periods when the CCC and the KBC existed at the 

same time.  Unfortunately, the copepod abundance and diversity 

was probably underestimated by sampling with a 330-m mesh 

net in this study.  Gallienne and Robins, and Turner [11, 41] 

suggested copepod abundance and diversity would be underes-

timated by sampling with a mesh size of 200 m or greater due 

to losses of smaller organisms such as Oithona and Oncaea, as 

well as juvenile forms of larger copepods.  

Copepods assemblages and distribution were associated with 

water masses [10, 15, 24, 38].  Our study also shows similar 

copepod assemblages in the same water masses (Fig. 5).  Most 

dominant species in the group KBG where was influenced by 

the KBC have been recorded belonging to warm water species 

[7].  In this study, the KBC flows northward along the west coast 

of Taiwan and brought the tropical copepod, such as Calanoides 

carinatus into the southeastern TS  Acrocalanus gibber, A. 

gracilis, Canthocalanus pauper, Clausocalanus furcatus have 

been reported belonging to tropical species [3], and were 

dominant in Kuroshio Current and the Taiwan Strait warm 

waters [28].  Acrocalanus gibber was abundant in summer and 

decreased in winter [10, 16].  Canthocalanus pauper was also 

regarded as indicator species of the KC [10, 15].  Chihara and 

Murano [7] recorded Clausocalanus minor and Clausocalanus 

mastigophorus inhabiting in the tropical to the subtropical zone. 

Paracalanus aculeatus dominated in both the CCW and KW, 

and were similar to that recorded in Lan et al. [24].  Paraca-

lanus acculeatus being an indicator species of the KBW belong 

to warm water species, but it was also recorded dominating the 

Tanshui River estuary in winter [14].  Dur et al. [10] reported 

Paracalanus aculeatus to be derived from a northwestern ca-

lanoid community from a cold water mass (14 ± 0.02 ºC).  

Paracalanus parvus was dominant in the CCC and FC in this 

study, and was known to be widely distributed in most of the 

world ocean [35], and was abundant in coastal waters off China 

[3, 4].  Hsieh et al. [16] reported P. parvus to be more abundant 

in spring than in summer and early winter.  Acartia pacifica was 

recorded with a wide temperature range but lower salinity [44], 

and also being dominant in the CCC.  Calanus sinicus has been 

frequently the subject of study and was pointed out that its 

appearance usually coincided with the CCW and being its in-

dicator species [10, 15].  It is brought from the East China Sea to 

the Taiwan Strait and to the South China Sea in the win-

ter-spring period [19, 24, 44].  Zheng et al. [44] reported that 

Calanus sinicus and Corycaeus (Ditrichocorycaeus) affinis 

were two of the coastal/neritic species with optimal temperature 

of no higher than 20 ºC, and were carried southward to the 

northern part of South China Sea by the CCW in winter.  In the 

laboratory, Calanus sinicus survive between 5 and 23 ºC [42].  

Temora turbinata was reported to be abundant in coastal areas 

of Taiwan and in the vicinity of the river estuaries in spring and 

autumn [25, 44].  It was dominant in the CCC, and has been 

reported as an indicator species as the KBC [20, 24].  Therefore, 

Temora turbinata was restricted to neritic environment more 

then limited by temperature or salinity.  The assemblage of 

copepods showed a high association with the distribution of 

water masses in our study, and would be useful for the under-

standing of copepod populations in winter. 
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