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KEYWORDS Summary The relationships between the small cyclopoid copepod Oithona and hydrological
Oithona; factors, phytoplankton and ichthyoplankton were evaluated using the data obtained in the central
Sea currents; South China Sea (SCS) in summer 2014. The genus abundance ranged from 6.00ind. m~3 to
Temperature; 93.75 ind. m~3 with high abundance band occurring in the branch of SCS Monsoon Jet. The lower
Larval fishes; temperature and higher salinity in the surface water of the band than other zones indicated that
Fish spawns deep water intrusion was a positive factor for aggregation of the genus. The community structure of

the genus was dominated by Oithona plumifera and Oithona similis made up 97% of the genus
abundance associated with Oithona tenuis. The result of db-RDA analysis showed that the
community structure of the genus was affected by temperature, Chl a, larval fishes and fish
spawns, and temperature was the most important limiting factor. The result of GAMs analysis
showed that abundance of O. tenuis, and copepodites were affected by Chl a, larval fishes and fish
spawns; abundance of O. similis was affected by Chl a and fish spawns; and abundance of
O. plumifera was affected by Chl a and larval fishes. Therefore, we suggest that the branch of SCS
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Monsoon Jet and deep water intrusion favor aggregation of plankton in the central SCS in summer.
We confirm that the temperature is the limiting factor to the reproduction of the genus Oithona in
tropic seas and the genus Oithona is a food-web linker between primary production and larval fishes

in the central SCS.

© 2017 Institute of Oceanology of the Polish Academy of Sciences. Production and hosting by
Elsevier Sp. z 0.0. This is an open access article under the CC BY-NC-ND license (http://creati-
vecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The genus Oithona Baird, 1843 is the most numerous
pelagic copepod in the world ocean and a dominant group
of the small planktonic marine copepods, represented in very
high numbers and being a significant contributor to secondary
production (Nielsen and Andersen, 2002; Paffenhofer, 1993;
Saiz et al., 2003). Small copepods are often the dominant
zooplankton and have an important role in regenusting and
exporting nutrients (Hopcroft and Roff, 1996; Hopcroft et al.,
1998; McKinnon and Ayukai, 1996; Zamora-Terol et al.,
2014a). The group play a linking role in marine food webs
with feeding on the phytoplankton and microbial components
and is being preyed on by larger zooplankton and several
pelagic ichthyoplankton (Castro et al., 2010; Spinelli et al.,
2012; Van Noord et al., 2013). Small planktonic copepods are
the main component of the first feeding diet of many pelagic
fishes and richer than other feeding food in nutrition (Ajiboye
et al., 2011; Shansudin et al., 1997; Spinelli et al., 2012).

Physical environment determines the spatial distribution
of the genus copepods. Aggregateion of the genus is affected
by hydrodynamics at Kenton coast in South Africa (Porri
et al., 2007). Oithona nana Giesbrecht, 1892 is the most
abundant copepod species from late summer until early
winter in Southampton Water (Williams and Muxagata,
2006). Oithona atlantica Farran, 1908 occurs in Arctic waters
only during warm years and the abundance of O. atlantica
was positively correlated with the temperature in Atlantic
waters (Dvoretsky and Dvoretsky, 2015). Abundance, repro-
ductive and mortality rates of Oithona similis Claus, 1866 cor-
related strongly with the water temperature in cold seas
(Dvoretsky and Dvoretsky, 2009; Dvoretsky, 2012). The abun-
dance characteristics of O. similis are negatively correlated
with salinity and the winter index of the North Atlantic
Oscillation index (Dvoretsky and Dvoretsky, 2015).

The genus Oithona are omnivorous copepods that primar-
ily consumes protozooplankton, dinoflagellates, diatoms and
organic detritus (Castellani et al., 2008; Kattner et al., 2003;
Lonsdale et al., 2000; Nakamura and Turner, 1997; Pond and
Ward, 2011). Oithona spp. ingested dinoflagellates and cili-
ates preferentially to other prey items of the nano- and
micro-plankton assemblage in tropical waters of North
Queensland, Australia. Ciliates and heterotrophic dinoflagel-
lates are the main food source of the genus Oithona in
Buzzards Bay during the warm season (Nakamura and Turner,
1997). Ciliates, particularly non-loricate ciliates, contribu-
ted substantially to the carbon ration of the genus Oithona in
the Ross Sea, Antarctica, during an austral summer (Lonsdale
et al., 2000).

The genus Oithona feed on the larvae of some small-size
fish species, such as Clupeidae, Gadidae and Osmeridae

(Nunn et al., 2012). O. nana Giesbrescht, 1982 is in the diet
of anchovy Engraulis encrasicolus Linnaeus, 1758 larvae in
the north-west Mediterranean (Tudela et al., 2002) and
Oithona davisae Ferrari and Orsi, 1984 is in the food diet
of larval Japanese anchovy Engraulis japonicas Temminck and
Schlegel, 1846 in Ariake Bay, Japan (Islam and Tanaka, 2009).
Small copepods is the important first feeding food of capelin
Mallotus villosus Miller, 1776 in summer in the Barents Sea
(Pedersen and Fossheim, 2008). Three important commer-
cially exploited whitefish cod (Gadus morhua Linnaeus, 1758),
haddock (Melanogrammus aeglefinus Linnaeus, 1758) and
whiting (Merlangius merlangus Linnaeus, 1758) prefer to prey
on O. similis in the intermediate stage between larval
stage and juveniles stage in the Irish Sea, especially haddock
(Rowlands et al., 2008).

The genus Oithona are one of the most abundant copepod
genus in trophical and polar seas (Chew and Chong, 2011;
Chew et al., 2015; Dvoretsky and Dvoretsky, 2015; Hunt and
Hosie, 2006a,b; Hwang et al., 2010; McKinnon et al., 2005;
Pinkerton et al., 2010; Rezai et al., 2004; Wang et al., 2015).
The number of studies of the genus Oithona in tropical waters
is very scarce, mainly limited to the north SCS and the
adjacent coastal zone (Zamora-Terol et al., 2014a,b). To
our knowledge, the genus Oithona is one of the dominant
genus in the coast of Malaysia and Vietnam (Chew and Chong,
2011; Rezai et al., 2004; Truong et al., 2013). Hwang et al.
(2010) have investigated the distribution of the genus
Oithona in the northeast South China Sea (SCS). Dahms
et al. (2015) have analyzed the biogeographic distribution
of the genus Oithona in the waters around Taiwan Island. The
feeding and egg production of Oithona plumifera Baird,
1843, Oithona attenuata Farran, 1913, O. nana, Oithona
dissimilis Lindberg, 1940, Oithona simplex Farran,
1913 and Dioithona oculata Farran, 1913 have been
addressed in tropical and subtropical waters (Ambler
et al., 1999; Hopcroft and Roff, 1996, 1998; Mckinnon and
Klumpp, 1998; Zamora-Terol et al., 2014a). And the relation-
ship between larval fishes and the genus Oithona is not clear
in tropical seas.

SCS with a maximum depth deeper than 5000 m is the
largest tropical marginal sea in the West Pacific Ocean. The
seasonal circulation is mostly driven by monsoon winds.
Prevailing southwest monsoon, SCS Monsoon Jet, flow to
the north along the west coast, and the jet divides into
two branches at 14.7°N, one flows to the northeast (Fig. 1)
and one flows to the east in summer (Bao et al., 2005; Liao
et al., 2006). Copepod horizontal distribution follows the
surface current in SCS (Hwang et al., 2014; Wang et al.,
2015). Larval flying fishes, lightfishes and dolphinfishes are
three dominant groups of larval fishes in the tropical Pacific
Ocean (Loeb, 1979; Vilchis et al., 2009). Flying fishes and
lightfishes prefer to prey on zooplankton and feed up the
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Figure 1  Map showing the area investigated and the approximate positions of stations (the surface current was drew following Liao

et al. (2006), Bao et al. (2005), Xiang et al. (2015) and the water current pictures were downloaded from National Marine

Environmental Forecasting Center of China).

commercially exploited fish, tuna and jumbo squid (Gong
et al., 2015; Rosas-Luis et al., 2011; Van Noord et al., 2013).
The relationship between small zooplankton and larval fishes
that is important to accurately estimate fishery potential
production and mass and energy transfer in marine food web
is not clear in SCS. In this study, we evaluated the relationship
between the genus Oithona and larval fishes basing on adults
and copepidotes of the genus Oithona distribution investi-
gated and hydrological factors and phytoplankton impacting
on the genus analyzed in the central SCS in summer, for the
similar seasonal abundance of the genus Oithona and ichthyo-
plankton in tropical seas (Du et al., 2016; Leon-Chavez et al.,
2010).

2. Material and methods

2.1. Sampling

Samplings were performed in SCS with 28 stations from July
26 to August 17 in 2014. The area explored extended from 12°
to 18°N and 110° to 118°E (Fig. 1). Zooplankton samples were
collected by vertical hauls from surface to 200 m layer. The
genus Oithona was analyzed from the samples collected with
the middle deep-water plankton net (160 wum mesh size,
0.5m mouth diameter, and 2.8 m total length) and fish
spawns and larval fishes were analyzed from the samples
collected with the large deep-water plankton net (505 um
mesh size, 0.8 m mouth diameter, and 2.8 m total length).
Hydrographic data were collected quasi-simultaneously
to zooplankton sampling using CTD48M made by the Sea-
Sun-Tech company, including temperature (Temp), salinity
(Sal) and chlorophyll a (Chl a).

2.2. Data analysis

The abundance distributions were performed using Surfer
10.0. Prior to the other analysis, the abundance of species
was log-transformed, and the hydrographic data were
divided to 4 water columns classified by depth of 25m
from surface to 100 m layer, including 0—25 m, 25—-50 m,

50—75 m, and 75—100 m. The Pearson correlation between
the genus Oithona and the impact factors including fish
spawns, larval fishes, temperature, salinity and Chl a were
analyzed in R 3.25. Hierarchical cluster analysis to present
the distribution of the genus Oithona community, Principal
component analysis (PCA) to analyze the dominated degree
of each species in the genus Oithona community and dis-
tance-based redundancy analysis (db-RDA) to analyze the
relationships between the genus Oithona community and
impact factors were performed with the Bray—Curtis simi-
larity matrix using the package BiodiversityR in R 3.25. The
genus Oithona affected by phytoplankton and larval fishes
analyzed with A generalized additive model (GAM, using
package mgcyv in R 3.25) that is a nonparametric regression
technique offering advantages over conventional regression
techniques without being tied to a particular functional
relationship and restricted in assumptions about the under-
lying statistical distribution of the data.

3. Results

3.1. Spatial distance of temperature, salinity
and chlorophyll a

The average temperature ranged from 20.42°C in the
75—100 m water column to 28.98°C in the 0—25m water
column with the remarkable spatial distribution difference
(Table 1). The average temperature in the southwest corner
(st. 24 and st. 28) was lowest in every water column.

The average salinity ranged from 32.10%o in the 0—25m
water column to 33.35%. in the 75—100 m water column
(Table 1). The average salinity in the southwest corner (st.
24 and st. 28) was higher than in the surrounding waters in
every water column.

The average Chl a concentration ranged from 0.22 mg m~
in the 0—25 m water column to 0.98 mg m~= in the 50—75 m
water column (Table 1). The average Chl a concentration had
only remarkable horizontal distribution difference in the
25—50 m water column, with the significantly higher values
in the southwest corner.

3
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Table 1 The distributions of temperature, salinity and Chl a by water column.
Water column
0—25m 25-50m 50—75m 75—100 m
Temperature [°C] 28.98 +£ 0.9 26.51 +£2.2 22.82 £1.8 20.42 + 1.4
Salinity [%o] 32.10+ 0.4 32.48 + 0.4 33.15+ 0.4 33.35+0.5
Chl a [mg m~] 0.22 + 0.1 0.63 +0.7 0.98 +0.3 0.58 + 0.1

3.2. Abundance of the genus Oithona,
copepodites and ichthyoplankton

The genus Oithona abundance ranged from 6.00 ind. m~3 at st.
1 t0 93.75 ind. m—3 at st. 9, with high abundance band along
northeast from 12.5°N, 111°E to 17.5°N, 116°E (Fig. 2). Cope-
podites of the genus Oithona (copepodites) had the similar
horizontal abundance distribution to the genus, with the high-
est abundance at st. 9 (83.33 ind. m~3) and the lowest at st.18
(4.17 ind. m~3). Abundance of fish spawns ranged from
1.00 x 10%2ind. m—> at st. 2 to 216.67 x 10 2ind. m~3 at
st. 9. Abundance of larval fishes ranged from 1.25 x 1072
ind. m—3 at st. 2 to 275.00 x 10 2ind. m > at st. 24.

3.3. The genus Oithona composition

Altogether 9 taxa were encountered, including O. similis,
O. plumifera, Oithona longispina Nishida, Tanaka and Omori,

1 1 1 L L

1977, O. attenuata, Oithona fallax Farran, 1913, O. simplex,
O. tenuis Rosendorn, 1917, Oithona vivida Farran, 1913 and
Oithona rigida Giesbrecht, 1896 (Fig. 3). And average abun-
dance of O. plumifera, O. similis and O. tenius contributed to
97% of the genus Oithona abundance respectively were 13.7,
15.8 and 5.87 ind. m .

Hierarchal cluster analysis showed three communities
(Fig. 4). Stations in the high abundance band were
included in a single group (Group 3), st. 1 was only included
in Group 1, and the others were included in Group 2. Species
composition among groups was little different, and abun-
dance variance dominated to classify three communities. The
genus Oithona (non-including O. attenuata and O. vivida),
copepodites, fish spawns and larval fishes were most abun-
dant in Group 3 (Fig. 5). The average temperature of Group
3 was lowest in 0—25 m and 25—50 m water columns, and the
average salinity and Chl a were highest in the columns
(Fig. 5).
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Figure 2 Abundance of the genus Oithona, copepodites, larval fishes and fish spawns.
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Figure 4 Hierarchical clustering of the genus Oithona
community.

PCA showed that O. similis and O. plumifera dominated
the community structure (Fig. 6). Stations in Group 2 had
higher similarity than in Group 3.

3.4. Relationships between the genus Oithona
community and impact factors

The Pearson analysis showed that the significant abundance
correlation between Oithona spp. and O. plumifera,
0. similis and O. tenuis accorded with the high contribution
of the three dominant taxa (Table 2). The correlations
between copepodite and Oithona spp., O. plumifera and
0. similis were significant. The significant correlation
between O. similis and O. plumifera indicated that their
horizontal distributions were similar. The correlation
between O. tenuis and larval fishes was negative significant.
The correlations between temperature and O. plumifera,
copepodite were negative significant. The correlations

between Chl a and Oithona spp., O. plumifera and copepo-
dite were significant.

db-RDA analysis showed that the four factors (tempera-
ture, Chl g, larval fishes, and fish spawns) expressed 35.4% of
the genus Oithona community structure (Fig. 7). Tempera-
ture expressed 13.9% of the community structure, the others
expressed 21.5%.

Results of GAMs analysis showed that those GAMs were fit
to explain the relationships between species in the genus and
predators and prey (Table 3, Fig. 8). Abundance of O. plu-
mifera, O. similis, O. tenuis and copepodites was affected
strongly by Chl a concentration. Abundance of O. plumifera,
0. tenuis and copepodite tends to increase with the Chl a
concentration. Chl a had bottom-up control to O. similis.
When the Chl a concentration was below 1.0 mg m—3, and the
control turned to top-down at Chl a > 1.0mg m~3. 0. plu-
mifera, O. tenuis and copepodite were affected by larval
fish. Larval fish had bottom-up control to O. tenuis when
larval fishes abundance was below 1.26 ind. m~3, then turned
to top-down. The relationship between copepodite and fishes
spawn had the opposite trend. The control power of larval
fish to O. plumifera was not strong. O. similis and O. tenuis
were also affected by fishes spawn, and the relationships
were poorer than copepodite.

4. Discussion
4.1. Distribution of the genus Oithona

The genus Oithona is widely distributed in the world ocean
(Paffenhofer, 1993). In the central SCS, 9 taxa was encoun-
tered, in accords with 8 taxa identified around Taiwan waters
(Dahms et al., 2015). Dominant taxa have contributed at
least 95% to abundance of the genus Oithona and O. similis
has the similar dominant level in the central SCS and the
northeast SCS (Dahms et al., 2015). However, dominant taxa
were different in the two regions. O. fallax, Oithona setigera
Dana, 1849 and O. similis were dominant taxa around Taiwan
waters (Dahms et al., 2015). O. similis is a cosmopolitan
species, O. atlantica Farran, 1908 and O. frigida Giesbrecht,
1902 are O. similis, which was proven by molecular genetic
methods (Wend-Heckmann, 2013). O. plumiferais usually the
dominant taxa in a tropical waters, such as the tropical
region of the Pacific Ocean (Zalkina, 1970), the central Great
Barrier Reef (Williams et al., 1988), Mediterranean (Fernan-
dez de Puelles et al., 2014; Fragopoulu and Lykakis, 1990),
the oligotrophic tropical waters of the Brazil Current (Lopes
et al., 1999), the south coast of South Africa (Porri et al.,
2007), the tropical Atlantic (Champalbert et al., 2008), the
coastal area of Vietnam (Truong et al., 2013) and the north
SCS (Zhou et al., 2013). O. tenuis is distributed throughout
the subtropical and tropical seas in high abundance, which
agrees with the dominant character of O. tenuis in the
central SCS (Nishida, 1985). O. setigera is also a dominant
species in the tropical Pacific Ocean, such as in an upwelling
zone in Chile (Escribano et al., 2007; Nishida, 1985). We
suggest that the genus Oithona assemblages would be the
same in SCS and surmise that the difference is a result of
confusing O. similis with O. fallax and O. setigeras with
O. plumifera (Nishida, 1985).



L. Wang et al./Oceanologia 59 (2017) 300—310

Sl — Group 1 a
---e--- Group 2
— —8
" Group 3 "/
‘5’ 33 ’
£
3
32
0-25m 25-50 m 50~-75 m 75-100 m
Water column
1.6 o Group 1 c
1.4 e Group 2
o 129 Group 3
1S
o 1-04
E o8]
S 0.6
=
© 0.4 .
02{ o
0.0 0-25m 25-50m  50-75m  75-100 m

Water column

305

32¢
_ 30} b
P 28t
‘o 26f
]
g ou !
qé' 22y —a— Group 1 \' e
@ 200« Group2 \_

18+ Group 3

16 L L L L

0-25m 25-50 m 50-75 m 75100 m
Water column
[ Group 1 2 d
o 160r 77 Group 2 x@
S X Group 3 M
- 120+
£
g 8o .
©
2
S 40+
Na)
) rﬁﬂ:ﬂ %Jﬂﬂ:ﬁ
Al
5 (O 2 o
SRS
0 e,Q 0- N 'o
S 00~(2 08 Yo7 e

Figure 5 Comparison of salinity, temperature, Chl a and abundance of the genus Oithona, copepodites, larval fishes and fish spawns

by group.

at: O. attenuata
fa: 0. fallax

pl: O. plumifera
ri: O. rigida

si: 0. similis

sp: O. simplex
te: O. tenuis

vi: 0. vivida

PC2

o
s1

o Group 1
o Group 2 9
« Group 3 °

PC1

Figure 6 PCA performed on the genus Oithona community.

4.2. Impact between the genus Oithona and
hydrological factors

Copepod horizontal distribution follows the surface current
in SCS, especially the copepods collected by the middle net
(Hwang et al., 2014; Wang et al., 2015). The high abundance
band of the genus Oithona occurred in the branch of the
South China Sea Monsoon Jet and it indicates the similar
result in the central SCS (Liao et al., 2006). Ke et al. (2014)
has suggested that spatial distribution of phytoplankton and
hydrologic factors are significantly influenced by the surface

current patterns and river discharges in the Southern shelf of
SCS. Mesozooplankton distribution is usually determined by
currents in other regions as well. Majority of mesozooplank-
ton significant species are most abundant to the north of the
Azores Current in the Azores waters (Head et al., 2002).
Mesozooplankton abundance is lower in the Kuroshio Current
area than in the other regions of the north SCS (Hwang et al.,
2007). The spatial distribution of the O. similis abundance
and production is determined by the physical environment in
the central Baltic Sea (Hansen et al., 2004). Thus the genus
Oithoina distribution would be affected by the branch cur-
rent of the jet in the central SCS in summer.

The relationship between the groups of the genus com-
munity and temperature, salinity indicates that relatively
low temperature and high salinity in 0—25 m and 25—50 m of
water columns assisted the reproduction of the genus
Oithona in the central SCS. In upwelling zones, surface
temperature is often lower than in surrounding zones, and
surface salinity is higher (Xiang et al., 2015). The deep water
intrusion may be an important factor affecting the genus
Oithona abundance in the central SCS. The nitricline is
depressed as downwelling occurs off northwest Luzon, result-
ing in very low chlorophyll concentrations (Chen et al., 2006).
The prosperity of diatoms in the Malacca Strait may be
promoted mainly by the sufficient nutrients brought by the
deep-water intrusion or river inflow (Ke et al., 2016).

The relationship between the genus community and tem-
perature, as well as the lower temperature in the high
abundance band indicates that temperature is the main
factor limiting the genus Oithona in the central SCS in
summer. The meso-copepod abundance is negatively corre-
lated with temperature in Patagonian frontal system (SW
Atlantic Ocean) in spring and Dolgaya Bay (Barents Sea) in
summer (Dvoretsky and Dvoretsky, 2010; Spinelli et al.,
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Table 2 The Pearson correlation between the genus Oithona and impact factors.

Oithona O. plumifera 0. similis 0. tenuis Copepodites
Oithona 1.000
0. plumifera 0.839" 1.000
0. similis 0.687" 0.415" 1.000
0. tenuis 0.413" 1.000
Copepodites 0.785" 0.618" 0.525" 1.000
Larval fishes —0.469"
Temp. —0.443" —0.453"
Chla 0.461" 0.466 " 0.407"

Note: Temp/Chl a: Temperature/Chl a concentration in the 0—100 m water column.

" Correlation is significant at the 0.05 level (2-tailed).
™ Correlation is significant at the 0.01 level (2-tailed).
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Figure 7 db-RDA performed on the genus Oithona community
and impact factors.

2012). On the contrary, the genus Oithona abundance
is positively correlated with temperature in polar seas
(Dvoretsky and Dvoretsky, 2009; Ward et al., 2007;
Zamora-Terol et al., 2014b). The negative correlation
between O. plumifera and copepodite and temperature indi-
cates that O. plumifera and copepodite are more sensitive to
temperature than O. similis and O. tenuis in the central SCS.
Similarly, O. atlantica is positively correlated with the tem-
perature in the Barents Sea and O. similis is negatively
correlated (Dvoretsky and Dvoretsky, 2015). The significant
correlation between O. similis and temperature is also
not found in polar seas (Dvoretsky and Dvoretsky, 2015;
Metz, 1995).

4.3. Impact between the genus Oithona and
phytoplankton

The genus Oithona is more abundant in the zone with higher
phytoplankton abundance in the central SCS in summer. The
significant positive correlations between Chl a and the genus
Oithona, O. plumfera and copepodites have indicated that

the phytoplankton was an important carbon resource for the
genus Oithona in CSCS. Small Oithona spp. (<0.5 mm stan-
dard length) feeds mainly on nanoplankton (Pond and Ward,
2011; Turner, 1986). The primary production is channeled
with the genus by microzooplankton (Lee et al., 2013). Fatty
acid biomarker analysis has indicated that diatoms are an
important food source for the genus Oithona in the Southern
Atlantic Ocean (Pond and Ward, 2011).

In the study, the abundance of O. similis is forced top-
down by phytoplankton when Chl a concentration was over
1.0mgm~3 in the central SCS. The highest abundance of
0. similis is at 1.1 mg m~3 Chl a in Southern Atlantic Ocean
(Pond and Ward, 2011). Low phytoplankton concentrations
(Chl a< 1.0mgm™3) limited reproductions of Rhicalanus
gigas at South Georgia (Ward and Shreeve, 1999). The genus
Oithona abundance is the lowest during the phytoplankton
blooms and the temporal distribution is opposite to Calanus
chilensis in the upwelling zone in Chile (Escribano et al.,
2007). Large-sized mesozooplankton (>1mm standard
length) dominated the total biomass and contributed more
than 50% of the herbivory in the north SCS (Chen et al., 2015).
We suggest that the food competition between O. similis and
larger calanoids (>2 mm standard length) decreases the
abundance of O. similis in the high phytoplankton abundance
zones of the central SCS.

4.4. Impact between the genus Oithona and
ichthyoplankton

The genus Oithona and nauplii are an important group in larval
fish diet, especially first-feeding larval fish (Sanchez-Velasco,
1998). The genus Oithona was a main group in dietary com-
ponents of larval Pacific cod in March and April in Mutsu Bay,
Japan (Takatsu et al., 1995). Copepodite of O. similis were an
important feeding food of age-0 Walleye pollock in the south-
eastern Bering Sea in summer (Strasburger et al., 2014). The
relationship between O. plumifera, O. tenuis, copepodites
and larval fishes indicate that O. plumifera, O. tenuis and
copepodites are preyed on by larval fish in the central SCS.

The similar effect of fish spawns on the genus Oithona
community and copepodites with larval fishes indicates that
the genus Oithona was in dietary components of larval fishes.
Sailfish spawns oceanographic features provide a favorable
feeding environment for their larvae (Richardson et al.,
2009). The biochemical composition of Engraulis ringgens
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Table 3 Regression coefficients of parameters including Chl
a, fish larvae and spawns on the dominant taxa and copepo-
dites of the genus Oithona. The coefficients were calculated
by GAMs. The relative goodness of fit of a model was indicated
by the generalized cross validation (GCV) and Akaike infor-
mation criterion (AIC). The deviance of the weight-specific
ingestion rate explained by predictors involved is also shown
as DE.

spawn in the upwelling system of the Chile coast was ben-
eficial for young larvae in winter (Castro et al., 2010). High
densities of anchovy spawn in coincidence with larger cala-
noids (>1 mm standard length) could be indicative of the
presence of spawning group anchovies feeding on in the
Patagonian frontal system (SW Atlantic Ocean) (Spinelli
etal., 2012). Argentine hake Merluccius hubbsi spawn associ-
ate with small copepods (<1 mm total length) including
a dominant species O. similis which is an important first-

b GCV CIV R feeding food of Argentine hake M. hubbsi in the Argentine Sea
0. plumifera 29.6% 0.06 —0.04 0.511 (Temperoni et al., 2014). Spawns of flyfish and Bregmaceros
0. similis 64.0% 0.96 8.04 0.748 spp. Thompson, 1840 are two common groups in the central
0. tenuis 63.8% 0.10 111 0.752 SCS (Chen, 1979). Copepods were the major food of flyfish
Copepodites 54.7% 0.07 0.45 0.692 and larvae (Lipskaya, 1987; Van Noord et al., 2013). The
relationship between copepodites and fish spawns indicates
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Figure 8 Partial effects of Chl a concentration and abundance of fish larvae and spawns on abundance of O. plumifera, O. similis, O.
tenuis and copepodites of the genus Oithona. Relative strengths of individual predictors in different models were compared by
estimated degrees of freedom (edf) and significance (p). The units of Chl a concentration and abundance of dominant taxa and

copepodites of the genus Oithona and fish larvae and spawns were

mg m~3 and ind. mg m~3.
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that the main food of first feeding larval fish is of <0.5 mm
standard length (Vifas and Ramires, 1996). O. similis preyed
on by larval fishes could indicate that O. similis is smaller
than 1 mm standard length and has related with fish spawns.

5. Conclusion

The genus abundance ranged from 6.00ind. m—3 to

93.75ind. m~—3 with high abundance band occurred in the
branch of SCS Monsoon Jet. The lower temperature and
higher salinity in the surface water of the band than in other
zones indicated that deep water intrusion was a positive
factor for aggregation of the genus. The community structure
of the genus was dominated by O. plumifera and O. similis,
which made up 97% of the genus abundance associated with
O. tenuis. The community structure of the genus was
affected by temperature, Chl a, fish larvae and spawns.
Temperature was the most important limiting factor that
was negatively correlated with abundance of O. plumifera
and copepodites of the genus. Results of GAMs analysis
showed that abundance of O. plumifera, O. similis, O. tenuis
and copepodites were affected by Chl a; abundance of
O. plumifera, O. tenuis and copepodites were affected by
larval fishes; and abundance of O. similis, O. tenuis and
copepodites were affected by fish spawns. Abundance of
0. similis was the highest when Chl a concentration was
1.0 mg m—3. Therefore, we suggest that the branch of SCS
Monsoon Jet and deep water intrusion favor an aggregation of
plankton and O. similis do not compete with large copepods
during the phytoplankton bloom in the central SCS in summer.
We confirm that the temperature is the limiting factor for the
reproduction of the genus Oithona in tropic seas and the
genus Oithona is a food-web linker between primary produc-
tion and larval fishes in the central SCS.
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