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ABSTRACT 

The study of ichthyoplankton community associated with 
oceanic features on the continental shelf of southern East 
China Sea (ECS) was conducted in early winter from 2006  
to 2009.  The species composition of the ichthyoplankton and 
its spatial distribution was classified and compared with oce-
anic front.  A total number of 1,809 fish larvae individuals 
were sampled from 5 field surveys, and represented 76 fami-
lies and 137 species.  Using the Bray-Curtis dissimilarity, the 
abundance of species found to exceed 0.5% of the total sample 
from 36 stations were classified into four groups: China 
Coastal Group, Mixed Shelf Group, Taiwan Strait Group, and 
Kuroshio Group.  The shallow water species Sebastiscus 
marmoratus dominated the China Coastal Group, while the 
Mixed Shelf Group was dominated by Saurida spp., Trichiu-
rus lepturus, and Bregmaceros spp.  The Taiwan Strait Group 
was dominated by Engraulis japonicus and Benthosema 
pterotum.  The dominant species in the Kuroshio Group was 
found to include Sigmops gracile and unidentified Mycto- 
phid larvae.  The spatial distribution of the ichthyoplankton 
community groups was superimposed on a thermal front  
map of the study area.  This clearly revealed that the China 
Coastal Front could be the boundary which separated the 
China Coastal Group on the west and the Mixed Shelf Group 
on the east.  In addition, ichthyoplankton were found to in-

crease in abundance and diversity in the region close to the 
Kuroshio Front. 

I. INTRODUCTION 

The early life stage is the most important stage for deter-
mining annual recruitment of fishes and supporting various 
major commercial fisheries.  Many studies have focused on 
ecological aspects of the larval stage, such as distribution, 
growth and survival [15].  Oceanic conditions play a major 
role in determining the patterns of abundance and distribution 
of larval fish populations.  The structures of physical processes 
including currents, eddies and fronts create varied oceanic 
conditions which influence the spatial and temporal distribu-
tions of ichthyoplankton in the various seas [33, 36].  Several 
studies have suggested the role of physical processes that 
occur at shelf break fronts as retention mechanisms for ich-
thyoplankton by favoring aggregation within the spawning 
area or drifting towards the coast [20, 37, 38, 49].  These bio-
logical-physical linkages are frequently observed in the shelf 
break region where a boundary between coastal and oceanic 
water occurs.  For example, dynamic interactions between  
the Kuroshio and shelf waters at the frontal boundary were 
found to potentially affect larval fish transport and distribu- 
tion, along with prey availability [16, 32, 41, 42].  Based on 
horizontal distribution patterns, Sassa et al. [40] categorized 
species into different groups according to the properties of 
different water masses.  

The complexity of hydrographic conditions in the southern 
East China Sea (ECS) is influenced by the seasonal changing 
of currents [46].  The well known physical processes in the 
ECS include the Kuroshio Current (KC) which flows north-
ward along the edge of the continental shelf between the ECS 
and the east coast of Taiwan.  It transports warm and saline 
Kuroshio waters and oceanic materials across the shelf into the 
southern ECS, forming the Kuroshio Front which has a sig-
nificant impact on this area.  Furthermore, the China Coastal 
Current (CCC) and Taiwan Strait Water (TSW) determine the 
major temperature-salinity structure for water masses in the 
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study area.  The upwelling caused by the intrusion of Kuroshio 
subsurface water in the area northeast of Taiwan also pro- 
vides a large amount of nutrients [5, 12].  The ECS features 
extremely stable, primarily wintertime fronts formed by a 
broad range of physical processes.  These fronts have been 
relatively well studied from satellite data [1, 2, 14] and in situ 
measurements [4, 26]. 

In winter, the TSW originates from overshooting of the 
Kuroshio Current across the continental shelf northeast of 
Taiwan and flows northeastward over the middle shelf of the 
ECS [29], bringing warm saline water to the area off the China 
coast.  The CCC is associated with the Changjiang discharge 
flow southward along the China coast [10, 12].  The southern 
ECS characterized by strong hydrodynamic front effects 
caused by these currents along the China coast and the Ku-
roshio edge.  These features contribute to the formation of 
thermal fronts between the water masses.  The China Coastal 
Front (CCF) is a boundary of cold coastal water and mixing 
waters in the shelf [2].  In addition, the Kuroshio Front on the 
northeast of Taiwan is formed between the KC and shelf water, 
which reflects the large variability of the Kuroshio path [46]. 

Previous studies have shown that the KC flow pattern north 
of Taiwan migrates seasonally.  In summer the Kuroshio gen-
erally moves offshore from the southern edge of the ECS, 
splitting into a northeastward mainstream and a westward 
current.  In winter the KC moves close to and sometimes onto 
Taiwan’s northern shelf.  The intrusion of the Kuroshio domi-
nates the flow pattern in the region, causing the disappearance 
or obscuration of the counterclockwise circulation and cold 
dome [46].  The Kuroshio flow pattern north of Taiwan was 
found to vary seasonally.  Variable transport from the Taiwan 
Strait and the east of Taiwan have a considerable impact on  
the intrusion of the Kuroshio onto the shelf.  The front intru-
sion studies discussed the Kuroshio in the present case is pro- 
duced the comprehensive [11], objectively derived, year-round 
climatology of ocean thermal fronts in the eastern China Seas 
[14] and identified the previously known fronts [31].  Lan  
et al. [24] indicated that the seasonal exchanges between 
coastal and offshore waters could influence the zooplankton 
whose distribution can be divided into two distinct communi-
ties (inshore–offshore) defined by different species dominance.  
The larval fish fauna found in the southern ECS is a mixture of 
endemic and exotic species, with the latter originating from 
the coastal waters of mainland China when the northeasterly 
monsoon prevails, from the South China Sea during the south- 
westerly monsoon, and from the Kuroshio waters year-round 
[19].  Okazaki and Nakata [32] also suggested that the Ku-
roshio frontal eddy may affect larval distribution, due to the 
variation of primary production in the frontal region.  However, 
a comprehensive and definitive pattern of the thermal front 
and its relationship with fish larvae has yet to be established. 

Two major oceanographic research projects in Taiwan, the 
Kuroshio Edge Exchange Processes (KEEP) [50] and Long- 
term Observations and Research of the East China Sea 
(LORECS), have investigated the seasonal variations in the 

hydrographic conditions in the East China Sea [9].  Focused 
since 1989 on physical and chemical oceanography [11, 50], 
KEEP is a multidisciplinary study on the internal cycling of 
material, especially carbon, within the East China Sea Shelf  
and the exchange of material between this shelf and the adjoin- 
ing Kuroshio.  Many researchers have focused on the abun-
dance, distribution and diversity of ichthyoplankton [25, 7, 20].  
Rough sea conditions due to the northeasterly monsoon ham-
pers field work in winter, and Hsieh et al. [16] was the first to 
attempt to use late winter surveys to evaluate the ichthyoplank- 
ton distribution related to the thermal front.  However, the early 
winter composition and structure of the larval fish communities 
on the continental shelf of the southern ECS at the shelf break, 
and their relation to the spatial variability of the thermal front,  
is still not well described.  Therefore this study attempts to 
examine the spatial distribution of fish larval assemblage and its 
relationship to satellite-derived thermal fronts. 

II. MATERIALS AND METHODS 

The oceanic measurements and organism samples used in 
this study were collected from the cruise of 1400, 1503, 1598, 
1600 and 1692 in December from 2006 to 2009 on board the 
vessel Ocean Research II (Table 1).  Hydrographic data and 
ichthyoplankton samplings were conducted at 9 fixed stations 
during each cruise (Fig. 1). 

Ichthyoplankton were collected using a plankton net (ORI 
net) with a mouth diameter of 1.6 m and a mesh size of 330 µm.  
A flowmeter was tied at the center of the net to measure the 
filtered water volume.  The ORI net was obliquely towed at a 
speed ca.  1 m s-1 at depths ranging from 200 m to the surface.  
At the shallower stations, the net was towed at depths ranging 
from 10 m above the bottom to the surface.  Ichthyoplankton 
samples were then preserved in sea water with 5% formalin.  
Finally, larval fishes were brought to the laboratory for further 
identification of the lowest taxonomic level. 

Water temperature and salinity at different depths for every 
station were obtained by lowering a CTD profiler from the sea 
surface to a depth near the bottom.  Satellite-derived sea sur-
face temperature (SST) observed by NOAA/AVHRR (Na-
tional Oceanic and Atmospheric Administration/Advanced 
Very High Resolution Radiometer) sensors from the Depart-
ment of Environmental Biology and Fisheries Science, Na-
tional Taiwan Ocean University were also used.  The satellite- 
derived SST was validated with a small bias of 0.009°C and a 
root mean square deviation of 0.64°C [27].  

The entropy-based edge detection method [43] was used to 
detect the monthly frontal SST gradient magnitude (GM) in 
the southern ECS.  This method is independent of annual 
varying geophysical parameters and can detect and retain 
finer-scale SST fronts, and has been used effectively in coastal 
seas.  The GM is calculated by the following formula: 

 2 2GM ( x ) ( y) ( C / km)= ∂Τ ∂ + ∂Τ ∂ °  (1) 
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Table 1.  Summary of sampling data, stations, latitude, longitude, and sampling date. 

cruise stations longitude latitude sampling date cruise stations longitude latitude sampling date 
1400 K1 120.08 26.17 2006/12/7 1598 K6 121.26 25.75 2008/12/10 
1400 K2 120.32 26.08 2006/12/7 1598 K7 121.50 25.67 2008/12/10 
1400 K3 120.56 26.00 2006/12/7 1598 K8 121.73 25.58 2008/12/10 
1400 K4 120.79 25.92 2006/12/7 1598 K9 121.97 25.50 2008/12/10 
1400 K5 121.03 25.83 2006/12/8 1600 K1 120.08 26.17 2008/12/20 
1400 K6 121.26 25.75 2006/12/8 1600 K2 120.32 26.08 2008/12/20 
1400 K7 121.50 25.67 2006/12/8 1600 K3 120.56 26.00 2008/12/20 
1400 K8 121.73 25.58 2006/12/8 1600 K4 120.79 25.92 2008/12/20 
1400 K9 121.97 25.50 2006/12/8 1600 K5 121.03 25.83 2008/12/20 
1503 K1 120.08 26.17 2007/12/11 1692 K1 120.08 26.17 2009/12/23 
1503 K2 120.32 26.08 2007/12/11 1692 K2 120.32 26.08 2009/12/23 
1503 K3 120.56 26.00 2007/12/11 1692 K3 120.56 26.00 2009/12/23 
1503 K4 120.79 25.92 2007/12/11 1692 K4 120.79 25.92 2009/12/23 
1503 K5 121.03 25.83 2007/12/12 1692 K5 121.03 25.83 2009/12/24 
1503 K6 121.26 25.75 2007/12/12 1692 K6 121.26 25.75 2009/12/24 
1503 K7 121.50 25.67 2007/12/12 1692 K7 121.50 25.67 2009/12/24 
1503 K8 121.73 25.58 2007/12/12 1692 K8 121.73 25.58 2009/12/24 
1503 K9 121.97 25.50 2007/12/12 1692 K9 121.97 25.50 2009/12/24 
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Fig. 1.  Sampling stations in southern East China Sea from 2006 to 2009. 

 
 
where T is SST, and the x and y axes are respectively directed 
toward east and north.  The GM is computed at all frontal 
pixels for each image, and the monthly mean of the GM is 
computed pixel-wise.  The GM map enhances frontal patterns 
and reveals the frontal area more clearly. 

Shannon’s diversity index was used to calculate species 
diversity, and Simpson’s evenness was further used to estimate 
the relative abundance of species at each station.  Shannon’s 
diversity index and Simpson’s evenness were processed using 
the PRIMER v6 program.  Cluster analysis used was trans-
formed to the log (X+1) and performed with the STATISTIA  
8 statistical software package.  Cluster analysis with normal-
ized Euclidean distances was used to investigate the levels of  
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Fig. 2. T-S diagram for Kuroshio Current (KC), Taiwan Strait Water 

(TSW), China Coastal Current (CCC).  The area between the 
lines denotes the Kuroshio axis current (Gong et al., 1995). 

 
 

similarity in species composition among the sampling stations, 
and Ward’s method was used to illustrate the relation of these 
stations in a dendrogram. 

III. RESULTS 

1. Hydrographic Conditions 

The T-S diagram of the study area and compared with the 
examined results of previous studies [10, 22] (Fig. 2).  Fol-
lowing Gong et al. [10] the range of the mainstream KC  
was denoted by a solid line, and the TSW was distributed  
in the left side of the KC.  The dashed line denotesd the  
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Fig. 3. Vertical profiles of temperature (°C) and salinity (psu) from in situ observations in the southern East China Sea from 2006 to 2009. 

 
 

mainstream of the KC [22].  Most offshore stations in our 
survey were considered as KC and TSW where water salinity 
was high.  The inner stations adjacent to the China Coast were 
considered as China Coastal Water where the water was 
characterized by low temperatures with varied salinity levels. 

The vertical profiles of water temperature and salinity of 
sampling stations during the study period were shown in Fig. 3.  
In December of 2006 (Figs. 3(a), (b)), the water in the middle 
of the shelf (between the stations K4 and K7) was occupied by 
warm shelf water (temperature > 22°C, salinity < 34.4 psu) 
while, in the offshore region, the right side of station K7 was 
blocked by KC upwelling water with temperature < 20°C and 
salinity > 34.4 psu.  In 2007, the KC obviously intruded into 
the self of the southern ECS (stations K5-K7, Figs. 3(c), (d)), 
which resulted in a clear upwelling of Kuroshio subsurface 
water with a temperature < 20°C and salinity > 34.4 psu.  
However, the profiles of 2008 and 2009 (Figs. 3(e)-(h)) re-

vealed that the KC intruded into the shelf but simultaneously 
repressed its subsurface upwelling water (temperature > 20°C, 
salinity < 34.4 psu) to the right of station K7.  This suggested 
that the intrusion of KC might occur in early winter but not 
necessarily coincident with the upwelling of its subsurface 
water.  It was clearly seen that the vertical profiles revealed the 
annual variation of water masses between the CCC and KC.  In 
2006 the study area was characterized by warm water from  
the Taiwan Strait. 

2. Distribution of SST Fronts and Ichthyoplankton  
Abundance 

Marked thermal fronts detected from satellite-derived SST 
data in December were averaged to produce a 4-year monthly 
composite (Fig. 4).  Two significant frontal bands were found 
in the vicinity of the China coastal area and northeast of  
Taiwan.  The former frontal band was defined as the China  
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Fig. 4. The average ichthyoplankton abundance (cumulation >50%) of 

each station superimposed on the SST front composite map in 
December from 2006 to 2009. 

 
 
Coastal Front, and the latter was referred to the Kuroshio Front 
(KF) [14].  The China Coastal Front stretched along the 50-m 
isobath with a SST gradient >0.15 (°C/km), while the Ku-
roshio Front was distributed between the 100-m and 200-m 
isobaths.  However, the Kuroshio Front combines two separate 
frontal bands, one is the curving-blurred band on the shelf  
and the other is the straight-sharp band near the shelf break 
(white arrow).  Although the curving part of this front was  
well defined by Hickox et al. [14] and Chang et al. [3], the 
straight-sharp band has been rarely discussed previously.  This 
short band of the Kuroshio Front starts from the northern tip of 
Taiwan and then extends northeastward along the shelf break.  
We thus suggest this frontal band as the Kuroshio Shelf Break 
Front (white arrow). 

The 4-year monthly mean abundance of the cumulation 
>50% of larval fish species at each station was superimposed 
on the SST frontal map (Fig. 4).  The abundance near the China 
Coastal Front was relatively low (average abundance <80 
inds/1000 m3), but the abundance clearly increased (average 
abundance >150 inds/1000 m3) at the stations close to the 
Kuroshio Front.  The abundance in the middle of the shelf was 
around 100 inds/1000 m3.  Among the cumulation >50% of 
larval fish species were abundant at the Kuroshio Front, sug-
gesting that the Kuroshio Front was exceptional in providing a 
suitable environment for the subsistence of some species. 

The maximum value of the SST GM for each frontal bound 
in each year from 2006 to 2009 was extracted as a frontal 
boundary line and superposed as shown in Fig. 5.  The 
boundaries of the China Coastal Front were found to be per-
manently distributed along the 50-m isobath with slightly 
variations, while the Kuroshio Shelf Break Front was found  
to run along the self break.  However, the position of the curv- 
ing Kuroshio Front on the shelf varied significantly each year, 
moving offshore in 2006 (grey curve), but intruding more  

 
Fig. 5. Annual variations of the SST front from 2006 to 2009.  The dotted 

line indicates the China Coastal Front, while the solid curve and 
dashed lines respectively indicate the Kuroshio Front and its shelf 
break parts. 

 
 

inshore in 2007 (black curve).  For 2008 and 2009, the Ku-
roshio Front exhibited a normal distribution near the 100-m 
isobaths. 

3. Distribution of Ichthyoplankton Assemblages 

A total of 1,809 individual fish larvae individuals repre-
senting 76 families and 137 species were collected in 5 sur-
veys.  In the oblique net tows of December from 2006 to  
2009, a total of 6060.39 inds/1000 m3 larvae were captured 
(Table 2).  Thirteen taxa accounted for approximately 75%  
of total catch, including Myctophid larvae, Sigmops gracile, 
Sebastiscus marmoratus, Benthosema pterotum, Bregmaceros 
spp., Engraulis japonicus, Saurida spp., Encrasicholina 
punctifer, Trichiurus lepturus, Apogonid larvae, Callionymid 
larvae, Scomber spp. and Serranid larvae.  Using a dendro-
gram based on the Bray-Curtis dissimilarity, taxa identified as 
accounting for more than 0.5% of the total sample from the 36 
stations for tows that caught at least one larva were classified 
into four groups: A, B, C and D (Fig. 6).  According to the 
geolocations of every station, the defined four groups are 
further referred to as the China Coastal Group (A), Mixed 
Shelf Group (B), Taiwan Strait Group (C), and Kuroshio 
Group (D).  The dominant species in the China Coastal Group 
were Sebastiscus marmoratus; while the Mixed Shelf Group 
was dominated by Saurida spp., Trichiurus lepturus, and 
Bregmaceros spp., the Taiwan Strait Group was dominated  
by Engraulis japonicus and Benthosema pterotum, and the 
Kuroshio Group was dominated by Sigmops gracile and 
Myctophid larvae (Table 2, bold type). 

Stations in the China Coastal Group were located in the 
region of cold-fresh waters influenced by the CCC.  Hydro-
graphic features in the Mixed Shelf Group distribution were 
distinguished by with a wide variation of water temperatures  
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Table 2.  Dominant species (cumulation >75%) in each group based on the cluster analysis of larval fish referring to Fig. 6. 

Family 
 Kuroshio  

Group 
Taiwan Strait 

Group 
Mixed Shelf 

Group 
China Coastal 

Group 
Cumul % 

Myctophidae Myctophidae 693.49 108.13 34.41 16.21 14.06 
Gonostomatidae Sigmopsgracile 804.15 11.62 4.58 0.00 27.60 
Scorpaenidae Sebasticusmarmoratus 121.66 0.00 15.31 332.23 35.34 
Myctophidae Benthosemapterotum 138.81 217.26 56.45 9.41 42.30 
Bregmacerotidae Bregmaceros spp. 152.48 53.06 105.40 66.29 48.53 
Engraulididae Engraulisjaponicus 3.09 249.70 0.00 0.00 52.70 
Synodontidae Saurida spp. 0.00 0.00 186.58 58.41 56.74 
Engraulididae Encrasicholinapunctifer 79.35 0.00 47.55 89.94 60.32 
Trichiutidae Trichiuruslepturus 86.89 9.75 125.06 0.00 63.98 
Apongonidae Apongonidae 181.56 4.69 11.35 0.00 67.24 
Callionymidae Callionymidae 68.78 107.26 9.16 0.00 70.29 
Scombridae Scomber spp. 158.84 0.00 16.10 0.00 73.18 
Serranidae Serranidae 32.85 30.44 0.00 53.30 75.10 
Other larval fishes  1111.53 235.64 99.31 62.30 100 
Sum  3633.48 1027.56 711.27 688.08  
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Fig. 6.  Dendrogram of species composition similarity among stations using Ward’s linkage cluster analysis in the study area in December, 2006 to 2009. 

 
 

and salinities.  The Taiwan Strait Group was only identified 
from the sampling data in 2006, where the T-S diagram 
showed the stations were surrounded by the TSW (Figs. 2, 3).  
The stations in the Kuroshio Group were located between the 
Kuroshio Front region and the edge of the continental shelf.  
The water in this region was warm-saline supplied from the 
intrusion of KC.  From 2007 to 2009, the Kuroshio Front 
intruded inshore between the stations K7 and K8 (Fig. 5), and 
the Kuroshio Group stayed mostly on the right side of the front.  
In the mixing zone, the CCC and the KC blended to create a 
complex temperature and salinity structure in which fish 
congregated as the Mixed Shelf Group.  However, in 2006 the 
KC receded onto the shelf as warm water from the Taiwan 

Strait intruded into the middle shelf.  In our result the annual 
variation of water masses caused the discrepancy of larval 
cluster analysis. 

By contrast, a water mass of approximately 23°C intruded 
into the southern part of the ECS which has been subject to 
intrusion of TSW waters in 2006.  The larval fish distribution 
in 2006 was most dense in the middle shelf region between 
stations K3 and K8, with a sparse distribution in the China 
coastal area.  Therefore, our result divided the fish distribution 
in the middle shelf region into two groups: the China Coastal 
Group in 2007 to 2009 and the Taiwan Strait Group in 2006.  
For the China Coastal Group located in the area surrounded by 
the China coast in 2007 to 2009.  This clearly revealed that the  
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Fig. 7. Spatial distribution and temporal variation of larval fish abundance among the sampling stations.  The stacked bars show the abundance of the 

dominant taxa of each group from 2006 to 2009.  The vertical solid line and dashed lines respectively indicate the location of the China Coastal 
Front and Kuroshio Front. 

 
 

China Coastal Front could be a boundary separating the China 
Coastal Group to the left and Mixed Shelf Group to the right.  
In addition, the Kuroshio Front on the shelf bounded the 
Taiwan Strait Group in the northern end of Strait, and sepa-
rated the Kuroshio Group from the Kuroshio region on the 
right. 

4. Specific Taxa Distributions, Abundance and Diversity 

The abundances of the larval assemblage were relatively 
high in the Kuroshio region but were low in the coastal region 
(Fig. 4; Table 2).  The four-year survey results for the cross- 
shelf distribution of fish larvae are given.  Distributions of the 
dominant larvae captured in 2006 to 2009 and shown in Fig. 7 
with vertical dashed lines indicating the China Coastal Front 
and the solid line indicating the Kuroshio Front (standards 
marked as the place closest to the China coast refer to Fig. 5).  
It should be noted that Sebastiscus marmoratus were mostly 
found along the transect in 2008 and 2009 at stations K1 and 
K2, where an inshore surface intrusion of low temperature 
water occurred.  On the other hand, Myctophid larvae were 
abundant in the warm water stream from the Kuroshio on the 
shelf region.  As shown in Fig. 7, the Benthosema pterotum 
achieved their highest abundance in both sides of the Kuroshio 
Front region though, in 2006, part of this assemblage was also 

distributed in stations K3 to K8.  Engraulis japonicus were 
distributed in stations K4 to K7 only in 2006 and Trichiurus 
lepturus were abundant in stations K5 and K6 in 2007.  
Bregmaceros spp. were found in the water of all stations and 
Sigmops gracile were abundant in the warm Kuroshio station 
in 2007 when the surface water of the KC was intruded further 
onto the shelf. 

The variation of abundance and diversity related to the 
Kuroshio Front as shown in Fig. 8.  The x-axis shows the 
distance of each station to the Kuroshio Front, with negative 
and positive values respectively indicating stations to the left 
and right of the Front.  Interestingly, the abundance of larvae 
was usually lower in the left region far from the Kuroshio 
Front, but higher at the stations closer to the Front (Fig. 8(a)).  
The Shannon’s diversity index value of larval fishes (Fig. 8(b)) 
was negatively correlated to distance to the Kuroshio Front. 

IV. DISCUSSION 

The survival of larval fish is greatly dependent on environ- 
mental factors such as fronts and currents [13, 34], frontal 
eddies [32, 33], and tides [8].  In early winter, hydrographic 
features are strongly influenced by the KC and CCC on the 
shelf of ECS.  These topographically-associated features  



72 Journal of Marine Science and Technology, Vol. 21, Suppl. (2013) 

 

0

100

200

300

400

500

600

-200 -150 -100 -50 0 50

2006
2007
2008
2009

KF

ab
un

da
nc

e 
(in

ds
/1

00
0 

m
3 )

(a) offshorecoast

0

0.5

1

1.5

2

2.5

3

3.5

-200 -150 -100 -50 0 50

2006
2007
2008
2009

KF

di
ve

rs
ity

 in
de

x 
(H
')

erohsffo)b( coast

 
Fig. 8. Variation of abundance (inds/1000 m3), (cumulation >50%) (a) 

and diversity index (H’) (b) of larval fish related to the position of 
Kuroshio Front. 

 
 

contribute to the formation of thermal fronts between the 
water masses [3].  Comparing our results of fish larvae and 
hydrographic data, the spatial distribution and species makeup 
of larval fish could be strongly affected by the variation of 
water masses on the continental shelf of the southern ECS.  
Four major assemblages of larval fish were defined in asso-
ciation with particular hydrographic features: the China 
Coastal Group, Mixed Shelf Group, Taiwan Strait Group and 
Kuroshio Group.  During the sampling period, species abun-
dance varied significantly in each group, with the Kuroshio 
Group exhibiting higher abundance than the China Coastal 
Group.  In addition, species makeup clearly differed between 
groups, with detailed comparisons described below. 

1. China Coastal Group 

The China Coastal assemblage was distinguished by a 
greater abundance of Sebastiscus marmoratus (rockfish), 
which prefer shallow water near shore or rocky bottoms [35].  
This species has a long spawning period and is ovoviviparous.  

Larvae can be found from November to May [35], but is most 
abundant from December to March in the waters near Taiwan 
[44].  Although fish eggs and larvae may come from outside 
the region from elsewhere or be aggregated by environmental 
factors [39], the distribution of the larval fish relative to the 
front suggests adaptive spawning strategies in response to 
local environmental conditions [37].  Therefore, the survival 
of the Sebastiscus marmoratus larvae depends on environ-
mental factors.  Wu [51] studied the effect of several envi-
ronmental factors on the growth and survival of Sebastiscus 
marmoratus larvae.  According to his results showed that the 
Sebastiscus marmoratus larvae were schooling, weak light 
and distributed with currents.  It was also suggested that the 
optimal survival condition of this species is water masses 
between 10°C to 14°C.  According to the hydrographic data 
collected in our study, the CCC (temperature <19°C, salinity 
<33 psu) flowed southward and extended further offshore in 
2008 and 2009.  The spatial distribution of the dominant spe-
cies (Fig. 7) also revealed that Sebastiscus marmoratus were 
more abundant at stations K1 and K2 in 2008 and 2009 which 
are bounded by the China Coastal Front (grey dashed line) on 
the left.  As a consequence, the temporal-spatial distribution of 
the southward CCC and the abundance of Sebastiscus mar-
moratus seem to be highly related.  In addition, the ovovi-
viparous brood fishes of Sebastiscus marmoratus found the 
low temperatures and shallow waters along the China coast to 
be beneficial to the survival of its larvae and stayed.  We thus 
suggest that the southward movement of the CCC with tem-
peratures <19°C might make a suitable environment for Se-
bastiscus marmoratus, given its great abundance near the 
Chinese coast in years featuring a strong intrusion of the CCC. 

2. Mixed Shelf Group 

The Mixed Shelf assemblage was largely made up of Tri-
chiurus lepturus, Saurida spp., and Bregmaceros spp.  In 
general, Trichiurus lepturus is found throughout tropical and 
temperate waters, and its larvae prefer the muddy bottoms of 
shallow coastal waters and often enter estuaries for feeding.  
Saurida spp. larvae are usually distributed in shallow water 
and shelf estuaries [28].  Bregmaceros spp. larvae are found in 
shallow to deeper waters around Taiwan [17, 30], but most 
adult Bregmaceros spp. prefer deeper waters.  In addition, the 
mixed Shelf region features a complex environment, where 
inner shore and outer shore waters mix together.  Trichiurus 
lepturus, Saurida spp., and Bregmaceros spp., were found to 
be widely distributed in the ECS shelf, and were thus defined 
as the Mixed Shelf Group in this study.  However, the distri-
bution of these fish larvae seemed to be associated with local 
topographies and currents.  Trichiurus lepturus was distributed 
at the northern end of Taiwan Strait, on the left of Kuroshio 
Front.  The abundance of Trichiurus lepturus reached its 
maximum at stations K5 and K6 (Fig. 7(b)) characterized by 
mixing shelf water.  A high abundance of Trichiurus lepturus 
was also found in [16] at similar locations.  Our results further 
revealed that Trichiurus lepturus were more abundant in 2007  
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Fig. 9. SST images derived from NOAA/AVHRR shows the hydrotropic features during the sampling period in (a) 2006, (b) 2007, (c) 2008, and (d) 

2009.  The black and white arrows in (a) respectively denote the portion of the CCC reflux and TSW. 

 
 

than in other years.  Adult Trichiurus lepturus were widely 
disrupted with multi-spawning times in the ECS and Taiwan 
Strait [6, 17, 48]; however, such annual variation of larval fish 
abundance in this region has been largely neglected.  We thus 
suggest that the intrusion of the KC might compress the habitat 
of Trichiurus lepturus larvae in the shelf region, thus in-
creasing larvae density.  This might result in the great abun-
dance found in the middle shelf in years featuring a strong 
intrusion of the KC.  However, further studies are needed to 
detail the mechanism of larval spatial distribution related to 
oceanography. 

3. Taiwan Strait Group 

The Taiwan Strait assemblage was dominate by Engraulis 
japonicus and Benthosema pterotum, which were abundant in 
the northern end of Taiwan Strait in 2006 only.  In general, 
Benthosema pterotum is a kind of lanternfish which favors 
benthopelagic and mesopelagic habitats on slopes and near 
continental and island waters.  According to Huang and Chiu 
[20] and Chiu and Hsyu [7] Benthosema pterotum are abun-
dant in winter in the southern ECS and are the most common 
lantern fish species.  Huang and Chiu [20] also indicated that 
Benthosema pterotum was widely distributed in the waters 
around Taiwan, especially in the Taiwan Strait, which corre-
sponds with our results.  However, the warm TSW only ap-
peared in 2006 and showing the Taiwan Strait larval group. 

Engraulis japonicus was found in abundance in the north-

ern end of the Taiwan Strait where water temperatures were 
about 22°C.  It is well known that Engraulis japonicus are a 
major species in continental shelf areas and inshore waters.  
They form large schools near the surface, mainly in coastal 
waters but occasionally as far as 1,000 km or more from shore.  
Spatial patterns in the distribution and abundance of Engraulis 
japonicus eggs were studied in the area off the Changjiang 
River, where a large spawning ground had developed [21].  In 
addition, Takasuka et al. [45] examined the growth rate of 
larval samples at optimal temperatures of 22°C collected at 
different locations during various seasons.  They were gener-
ally transferred and aggregated in the estuary area for feeding 
[25].  According to the winter circulation patterns in the Tai-
wan Strait [23], a portion of the southward penetration of CCC 
is deflected by the Chang-Yuen Ridge and turns back north-
eastward.  As seen in SST images (Fig. 9(a)), the TSW was in- 
truded significantly northward into the northern Taiwan Strait in 
2006, but this intrusion was absent in the other three years.  
The northward TSW might bring a reflux of the CCC (arrows) 
from the northern Chang-Yuen Ridge to the northern Strait.  
Therefore, the interaction between the northward intrusion of 
the TSW and this portion of the CCC could play an important 
role in ichthyoplankton transportation in the study area (Fig. 9).  
Comparing the result of fish larval distributions and hydro-
graphic features in this study, we suggest that Engraulis  
japonicus spawned off the Changjiang River would be driven 
southward to the Taiwan Strait by the CCC after hatching.  In 
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addition, the northward current mixed by the reflux portion of 
the CCC and TSW should thus transport Engraulis japonicus 
and Benthosema pterotum to the southern ECS from the Tai-
wan Strait. 

4. Kuroshio Group 

The Kuroshio assemblage was dominated by Sigmops 
gracile and Myctophid larvae, making it quite unique from the 
other groups.  The major species of Sigmops gracile in Ku-
roshio Group was significantly abundant at stations to the right 
of the Kuroshio Front in 2007.  The abundance of Sigmops 
gracile and Myctophid larvae observed in the present study 
corresponded to the spatial distribution reported by [17, 47].  
Indeed, Sigmops gracile and Myctophid larvae are both 
lanternfish, a mesopelagic species which is one of the most 
widely distributed, populous, and diverse of all vertebrates, 
playing an important ecological role as prey for larger organ-
isms.  Some species of Myctophidae and Gonostomatidae 
have been used as indicator species for the KC because they 
occur mostly within the KC and adjacent areas [18].  However, 
in 2006, the Kuroshio Group was not observed in the southern 
ECS while the Kuroshio Front was formed far from the shelf. 

The schematic map revealed that the straight-sharp Ku-
roshio Self Break Front was persistent near the 200-m isobath, 
while the curving Kuroshio Front on the shelf exhibited clear 
annual variation.  It is well known that frontal band caused by 
the topographic uplift and the Kuroshio intrusion is a unique 
feature along the northeast coast of Taiwan [46], which is an 
important region for the transportation of marine organisms.  
Previous studies have indicated that the Kuroshio collides with 
the continental shelf break of the ECS with temporal varia-
tions on daily, monthly to annually scales [2, 26, 46].  Lee et  
al. [26] further suggested that the northward intrusion of the 
TSW from the Taiwan Strait could result in the more offshore 
distribution of the Kuroshio Front in the waters northeast of 
Taiwan.  This corresponds well with the SST images (Fig. 9) in 
this study that show the TSW current intruded further north-
ward in 2006.  According to Okazaki and Nakata [32], the 
abundance and diversity of larval fish was positively corre-
lated to water temperature.  Lan et al. [24] also indicated that 
the abundance and Shannon’s diversity index value of plank-
ton increased near the Kuroshio Front area.  Thus provides a 
clearer picture of the relationship between the Kuroshio Front 
and the spatial distribution of biodiversity.  As a consequence, 
we suggest that the proximity of the formation of the Kuroshio 
Front to corresponds to an increased abundance of Sigmops 
gracile in the Kuroshio region. 

V. CONCLUSION 

The spatial distribution of the dominant species of Sebas-
tiscus marmoratus increased close to the China coast and was 
bounded by the China Coastal Front.  Our data further showed 
that the abundance of Sebastiscus marmoratus was highly 
correlated to the strong southward movement of the CCC, and 

the environment may suitable for the survival of Sebastiscus 
marmoratus larvae.  Although Trichiurus lepturus is widely 
distributed in the ECS shelf (defined as Mixed Shelf Group in 
this study), its distribution seemed to be associated with the 
intrusion of the Kuroshio Front.  However, the relationship 
between the mixing water and the larval assemblage of Tri-
chiurus lepturus is not yet understood.  In addition, it is sug-
gested that the unique distribution of Engraulis japonicus 
observed in 2006 is due to the interaction between the CCC at 
the Chang-Yuen Ridge and the northward TSW.  We suggest 
that larval Engraulis japonicus are driven southward along the 
Chinese coast by the CCC, and transported to the northern end 
of the Taiwan Strait by the reflux portion of the CCC and  
TSW.  In addition, the migration of the Kuroshio Front caused 
the annual variability of the spatial distribution of Sigmops 
gracile and Myctophid larvae.  The Kuroshio Front is ac-
companied by the interaction of KC intrusions into the inner 
shelf and the mixing shelf water flowing from the Taiwan 
Strait, thus the generation of the Kuroshio Front may result  
in the cross-frontal transport of marine organisms and larval 
fishes in the study area.  As a consequence, the abundance of 
the Kuroshio Group’s dominant species was strongly related to 
the intrusion intensity of the KC.  The greater the KC intrusion, 
the more abundant the Kuroshio species will be.  Based on  
the above, the front plays an important role in the distribution 
of larval fishes in wintertime. 

In summary, our results indicate that the horizontal distri-
bution of larval fish in the shelf region of the southern ECS is 
highly influenced by the dynamics of the intrusion of the 
Kuroshio Front.  Although we did not confirm the other season 
of larval fish, different patterns of other seasonal variations in 
the water would affect the horizontal distribution of larval fish.  
Indeed, larval fish were found in greater abundance in the 
Kuroshio Front region rather than in the inner shelf region, but 
the relative abundance of different species varied significantly 
between on-shelf and off-shelf.  Thus, we conclude that 
cross-shelf advections associated with the Kuroshio Front 
strongly affect the survival strategies adopted in early life 
stages by both larval transports.  Future studies must clarify 
the seasonal variation of fish larvae in relation to hydrographic 
conditions in the southern ECS. 
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