Hydrobiologia
DOI 10.1007/s10750-014-2070-7

CHINA JELLYFISH PROJECT

Distribution pattern of zooplankton functional groups
in the Yellow Sea in June: a possible cause for geographical
separation of giant jellyfish species
Yong-Qiang Shi • Song Sun • Guang-Tao Zhang
Shi-Wei Wang • Chao-Lun Li

•

Received: 20 March 2014 / Revised: 28 September 2014 / Accepted: 4 October 2014
Ó Springer International Publishing Switzerland 2014

Abstract Because jellyfish are sensitive to the
availability of prey, their distribution likely is linked
to the distribution pattern of zooplankton functional
groups. We studied the regional and interannual
variations of zooplankton functional groups in the
Yellow Sea using data from six cruises conducted in
June between 2000 and 2009. We compared these data
to previously collected data on giant jellyfish distribution and biomass. Our results indicate that different
zooplankton functional groups have their own relatively fixed distribution patterns and that the distribution of zooplankton can affect the distribution of the
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jellyfish community. Giant crustaceans and large
copepods were found to be mainly distributed offshore, small copepods and small jellyfish tended to be
located in the coastal region, and chaetognaths were
mainly sampled along the 50 m isobath. Sea bottom
temperature and salinity, determined by the Yellow
Sea Cold Water Mass, are shown to have been major
factors affecting the distribution of zooplankton
functional groups. Among zooplankton functional
groups, small copepods and giant jellyfish show
similar distribution patterns, suggesting that the
abundance of small copepods is feeding that of giant
jellyfish. The observed interannual biomass of small
copepod was positively related to temperature, and we
suggest that this relationship may explain the rarity of
giant jellyfish outbreaks in cold years.
Keywords Zooplankton  Functional groups 
Jellyfish  Yellow Sea Cold Water Mass  Distribution

Introduction
In recent decades, jellyfish populations have increased
in many regions around the world (e.g. Brodeur et al.,
1999; Mills, 2001; Purcell, 2005; Attrill et al., 2007;
Brotz et al., 2012) at least since the early 1970s
(Condon et al., 2013), resulting in ecological, economic, and social consequences (Purcell et al., 2007;
Uye, 2008; Richardson et al., 2009). Many studies
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have focused on the possible causes of jellyfish
blooms, such as climate change, overfishing, eutrophication, translocations, and habitat modification
(e.g. Purcell et al., 2007; Richardson et al., 2009).
Such components of environmental changes interact
with environmentally variable components, possibly
including upwelling events, diluted water flow, and
basin topography, in their effects on jellyfish populations (Sørnes et al., 2007; Miglietta et al., 2008; Yoon
et al., 2008). Massive occurrences of jellyfish are
known to have a significant impact on the zooplankton
community (e.g. Olesen, 1995; Purcell, 2003; Riisgård
et al., 2012) because they require large amounts of
food to meet their metabolic and somatic growth
demands. For example, the high predation pressure of
Aurelia aurita on zooplankton in Kertinge Nor limited
the Mnemiopsis leidyi population (Riisgård et al.,
2010). Jellyfish are sensitive to prey availability
(Brodeur et al., 2008), thus food availability is an
important factor controlling interannual variations of
jellyfish populations (e.g. Gibbons & Richardson,
2009; Chiaverano et al., 2013). However, reports of
the influence of zooplankton on temporal-spatial
distribution patterns of jellyfish are scarce.
Blooms of giant jellyfish have become more
frequent in Chinese seas over the last decade (Yan
et al., 2004; Dong et al., 2010; Xu et al., 2013), and the
dominant species have been Aurelia aurita, Cyanea
nozakii, and Nemopilema nomurai (Dong et al., 2010).
In particular, outbreaks of N. nomurai have occurred
in summer and autumn in the southern Yellow Sea
(Zhang et al., 2012; Xu et al., 2013), and they are
viewed as a potential threat to fisheries sustainability
(Uye, 2008). N. nomurai mainly feeds on micro- and
mesozooplankton, as prey size is constrained by the
diameter of its mouthlets (Uye, 2008), and C. nozakii
preys on zooplankton and other jellyfish (personal
observations). Therefore, the distribution patterns of
different zooplankton species may partly determine
the distribution of giant jellyfish.
To evaluate whether the geographical distribution
of zooplankton affects the distribution of giant jellyfish, we collected zooplankton and abiotic data during
six cruises conducted from 2000 to 2009 during the
month of June, which was when jellyfish blooms begin
in the Yellow Sea. Zhang et al. (2012) previously
described the distribution of jellyfish species in the
Yellow Sea, and these data have been used for
comparison with the zooplankton data from the
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current study. Categorizing zooplankton into functional groups makes it easier to understand and model
secondary producers in ecosystems, because there
exists many species in zooplankton communities in
the marine ecosystem which are too complex to be
practically described and analyzed. Following Sun
et al. (2010), we have classified zooplankton into six
functional groups: giant crustaceans (GC), large
copepods (LC), small copepods (SC), chaetognaths
(CH), medusae (ME), and salps (SA), according to
their different functions and roles in the food web. Sun
et al. (2010) focused on seasonal variations, whereas
interannual changes have been the focus of the present
study. In the Yellow Sea, the most prominent feature
in summer is the Yellow Sea Cold Water Mass
(YSCWM), which forms seasonally as a low-temperature water mass at the bottom of the central region
(Su & Weng, 1994). The YSCWM affects the
distribution of zooplankton by providing a refuge for
some low-temperature species that helps them survive
the hot summer (Wang et al., 2003; Sun et al., 2011).
In this study, we report the geographical distribution patterns and interannual variations of zooplankton
functional groups in June in the Yellow Sea, and
statistically analyze the influences on giant jellyfish
and other functional groups of the sea areas incorporating YSCWM. We show which functional groups
are the most important in affecting the distribution of
giant jellyfish. Using these findings for the month of
June, and published material, we further suggest how
food supply fuels jellyfish blooms in the Yellow Sea,
allowing us to identify factors that affect the distribution and extent of jellyfish blooms. Table 1 gives a list
of acronyms.

Materials and methods
Sampling and analysis of samples
All cruises were conducted in the Yellow Sea
(34–37°N and 120–124°E) during June 2000, 2001,
2002, 2003, 2007, and 2009. Six stations were chosen
for analysis in this study, as they were sampled during
all cruises, and located in or out of the YSCWM area
(Fig. 1 and Table 2). Further, the six stations were
located at the major giant jellyfish bloom region in the
Yellow Sea in summer. At each station, vertical
temperature and salinity profiles were obtained by a
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Table 1 List of the acronyms used in the study
Acronym

Expanded from

Acronym

Expanded from

GC

Giant crustaceans

SST

Sea surface temperature

LC

Large copepods

SBT

Sea bottom temperature

SC
CH

Small copepods
Chaetognaths

SSS
SBS

Sea surface salinity
Sea bottom salinity

ME

Medusae

WY

West region of study area in the Yellow Sea

SA

Salps

MY

Middle region of study area in the Yellow Sea

YSCWM

Yellow Sea Cold Water Mass

EY

East region of study area in the Yellow Sea

Fig. 1 Map of the study area and locations of the six sampling
stations (s1–s6) and two coastal stations (Xiaomaidao and
Lianyungang). Contour lines indicate water depth (m). The
shaded area indicates the general territory of the Yellow Sea
Cold Water Mass. SST and chlorophyll a concentrations data
collected by remote sensing are averaged in the three rectangles
for the WY, MY, and EY regions, respectively

Sea-Bird CTD instrument (SBE-19 in 2000–2003,
SBE-25 in 2007 and 2009). Sea surface temperature
and salinity were measured at 5.0 m depth, while sea
bottom temperature and salinity were measured at the
deepest depth that the CTD instrument could lowered
to (Table 2). Two types of conical plankton nets were
used to collect zooplankton: an 80-cm mouth diameter
net with 500 lm mesh size and a 50-cm mouth
diameter net with 160 lm mesh size. The nets were
towed vertically from a depth near the bottom to the
sea surface at *1 m s-1. A flow meter hanging in the

net was used to determine the volume of filtered water.
Samples were preserved in 5% neutral formalin
seawater solution immediately after the nets were
retrieved. Because the ship had to visit each station
consecutively, the arrival time at each station was
random (day or night); thus, we were unable to
consider the diurnal migration of zooplankton.
Sea surface temperature data also were collected
daily from January 2000 to July 2009 at two coastal
stations, Xiaomaidao and Lianyungang (Fig. 1). The
six sampling stations fall into the following three
domains based on longitude: west (WY), middle
(MY), and east (EY), which also represent the
different hydrographic conditions, because WY is
located out of the YSCWM area, and EY and MY are
located in and at the edge of the YSCWM area,
respectively (Fig. 1). Monthly area-averaged SST data
collected by MODIS-Terra remote sensing and
monthly area-averaged chlorophyll a concentrations
(Chl a, mg m-3) collected by SeaWiFS remote
sensing were both downloaded from http://gdata1.
sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_id=
ocean_month. Selected areas of each domain for
averaging are shown as rectangles in Fig. 1.
In the laboratory, zooplankton specimens were
counted, and the biomass of each zooplankton type
was calculated. First, macrozooplankton (e.g., Euphausia sp. and Sagitta sp.) were removed and
counted. The remaining sample then was repeatedly
split using a Folsom splitter until subsamples contained 300–500 zooplankton individuals. For these
subsamples, all species, including the larval stages of
dominant species such as Euphausia pacifica and
Calanus sinicus, were identified and counted under a
dissecting microscope. Identifications of zooplankton were based mainly on Chen & Zhang (1965),
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Chen et al. (1974), and Zheng et al. (1984). Length
measurements of different species were taken
according to Uye (1982). Abundance data were
transformed into dry weight data, as the latter is
better for comparing the biomass of different types of
zooplankton. The dry weights of E. pacifica and C.
sinicus in June were obtained from Dr. Zhencheng
Tao (unpublished) and Dr. Yanqing Wang (unpublished), respectively. The dry weights of other
zooplankton species were calculated based on
length-dry weight relationships or were obtained
from the literature (Omori, 1969; Nagasawa &
Marumo, 1978; Uye, 1982; Nagasawa, 1984; Iguchi
& Ikeda, 1994, 1995; Uye & Ichino, 1995; Zuo et al.,
2003; Rose et al., 2004; Pinchuk & Hopcroft, 2007).
Classification of zooplankton into functional
groups

cannot efficiently utilize salps as a food source.
Dominant species of each zooplankton functional
group are shown in Table 3. More details about these
zooplankton functional groups can be found in Sun
et al. (2010).
Biomass is a better measure than abundance for
making comparisons of spatial–temporal patterns of
different zooplankton functional groups. Thus, the
biomasses (expressed as mg dry weight m-2) of the
GC, LC, SC, and CH groups were used in the analysis.
The high water content of the ME and SA groups make
it difficult to calculate dry weight, and they were
present in low abundance. Therefore, we expressed the
abundances of ME and SA as individuals m-2 and
used these values for the analysis and discussion of the
spatial–temporal variations of these two groups, which
was same approach used by Sun et al. (2010).
Statistical analysis

Based on their different functions and roles in the food
web, zooplankton were divided into six functional
groups: giant crustaceans (GC), large copepods (LC),
small copepods (SC), chaetognaths (CH), medusae
(ME), and salps (SA). The first three functional
groups, which contain the main food resources for
fish, are defined in terms of the size spectrum. The GC
group consists of species with body length [5 mm,
and in this study the dominant species were E. pacifica
and Themisto gracilipes. Smaller individuals
(2–5 mm) constitute the LC group, and the dominant
species in this study was C. sinicus. The SC group
includes individuals with body length\2 mm, such as
Paracalanus parvus and Oithona similis. Different life
history stages of various species were distributed into
the functional groups that corresponded to their body
length. Because the capture rate of the SC group was
much higher with the 160-lm mesh size conical net
than with the other net (Hopcroft et al., 2001; Wang &
Wang, 2003), SC data only from this type of net were
analyzed. The CH group plays two roles in the food
web: As carnivorous zooplankton, this group utilizes
secondary production, resulting in competition with
fish; the CH group also is a food resource for fish. The
ME group consists of gelatinous carnivorous zooplankton that feed on fish larvae and other zooplankton, thus, this group consists of small jellyfish sampled
by the zooplankton net. Members of the SA group feed
on phytoplankton and thus compete with other zooplankton; however, animals in higher trophic level
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The biotic and abiotic variables were used for redundancy analysis (RDA), which helped identify relationships among the stations, the zooplankton functional
groups, and the environmental variables. Because GC,
LC, SC, and CH were expressed in a different way from
ME and SA, and they were more important food
sources for higher trophic levels than ME and SA, only
the biomasses of GC, LC, SC, and CH were used in the
analysis. All zooplankton data were ln(x ? 1) transformed to make the biomass data closer to normal. The
RDA was conducted using Canoco 4.5.

Results
Temporal-spatial changes in hydrological
conditions
The WY region (s1 and s4) had the lowest salinity and
highest temperature, while EY (s3 and s6) and MY (s2
and s5) regions possessed the highest and sub-highest
salinity, respectively, and both had water masses lower
than 10°C (Fig. 2). Figure 3 shows the interannual
variations of sea surface temperature (SST), sea bottom
temperature (SBT), sea surface salinity (SSS), and sea
bottom salinity (SBS) at the six stations in June. SST
ranged from 14.4 to 22.2°C and showed little
regional difference. The highest SST generally occurred
in 2001, 2007, and 2009. The lowest SST was recorded
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Table 2 Water depth and sampling times/dates at the sampling stations
Station no.a

Water
depth (m)

Bottom
depth (m)b

Date

Time

Station
no.a

Water
depth (m)

Bottom
depth (m)b

Date

Time

00s1

34

29

17 Jun

03:55–04:55

03s1

34

31

15 Jun

06:20–07:10

00s2

42

37

16 Jun

18:10–19:00

03s2

43

42

14 Jun

15:35–16:27

00s3

70

64

15 Jun

07:05–08:30

03s3

69

68

12 Jun

05:30–06:45

00s4

38

35

18 Jun

13:40–14:25

03s4

38

35

16 Jun

09:50–10:35

00s5

50

47

17 Jun

16:40–17:40

03s5

50

46

14 Jun

04:10–05:05

00s6

72

67

16 Jun

06:05–07:40

03s6

71

69

12 Jun

16:30–17:46

01s1

31

28

15 Jun

06:05–07:00

07s1

37

32

15 Jun

20:20–21:20

01s2

43

40

14 Jun

17:25–18:00

07s2

47

42

16 Jun

01:00–02:40

01s3

70

69

13 Jun

23:45–24:20

07s3

70

67

16 Jun

10:11–11:30

01s4

39

36

16 Jun

20:45–21:15

07s4

38

34

19 Jun

09:45–10:50

01s5

53

49

16 Jun

13:40–14:55

07s5

51

48

19 Jun

03:00–04:20

01s6

72

69

16 Jun

06:10–06:40

07s6

72

70

18 Jun

09:01–10:38

02s1

31

22

09 Jun

05:05–05:25

09s1

33

30

27 Jun

18:10–18:30

02s2

43

40

08 Jun

15:30–15:45

09s2

43

38

27 Jun

08:30–08:50

02s3
02s4

70
41

66
37

06 Jun
10 Jun

02:25–03:00
10:20–10:30

09s3
09s4

70
38

67
35

26 Jun
24 Jun

22:30–22:55
22:50–23:15

02s5

49

46

08 Jun

04:50–05:30

09s5

51

51

24 Jun

16:45–17:15

02s6

72

67

06 Jun

15:25–15:50

09s6

73

68

24 Jun

10:30–10:55

a

The numeral before the station number indicates the sampling year

b

The depth measured the bottom sea temperature and the bottom sea salinity at each station by Sea-Bird CTD instrument

Table 3 Dominant species of each zooplankton functional
group in June in the Yellow Sea
Functional
group

Remark

Dominant species

GC

[5 mm

Euphausia pacifica, Themisto
gracilipes, Acanthomysis
longirostris, Leptochela gracilis,
Alima larva, Gammaridea sp.

LC

2–5 mm

Calanus sinicus, Euchaeta
concinna, Euchaeta marina,
Euchaeta plana, Pareuchaeta
russelli, Labidocera bipinnata

SC

\2 mm

Paracalanus parvus, Oithona
similis, Centropages mcmurrichi,
Acartia bifilosa, Corycaeus affinis,
Paracalanus crassirostris,
Oikopleura dioica, Oikopleura
longicornis

CH

Carnivore

Sagitta crassa, Sagitta nagae

ME

Carnivore

Phialidium hernisphaericum,
Euphysora bigelowi,
Proboscidactyla flavicirra,
Euphysa aurata

SA

Herbivore

Salpa fusiformis

at s1 in 2001 and 2003, s6 in 2000 and 2002, and s3 in
2000. SBT values were highest at s1 and s4, followed by
s6. The lowest SBT values occurred at s2 in each year
except 2003. The temporal changes in SBT at all stations
were high in 2000, 2002, and 2007, and low in 2003 and
2001. Except in 2000 and 2003, SSS was highest at s6
and lowest at s4 during the study years. Generally, both
SSS and SBS increased from inshore to offshore regions.
SSS exhibited interannual fluctuations at s1 and s4, but
changed little at the other stations. SBS values were
highest at offshore stations in 2007 and 2009, and
relatively low at s3 in 2001 and 2003.
From normalized SST results (Fig. 7), SST in
February was higher in 2002 and 2007 and lower in
2003 at both coastal stations (Fig. 7a, b), which was in
accordance with the normalized monthly area-averaged SST among the three domains collected by
MODIS-Terra remote sensing (Figs. 1, 7c–e). The Chl
a concentrations collected by SeaWiFS remote sensing were very low in spring in 2002 in the MY and EY
regions, and which were high in 2006 in MY region
and in 2007 and 2009 in EY region (Fig. 8).
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Fig. 2 T–S diagram of six
stations in all cruises in June
from 2000 to 2009. Each
data point represents a T–S
value at each water depth
obtained by the CTD
instrument

Fig. 3 Interannual variations of sea surface temperature (a), sea bottom temperature (b), sea surface salinity (c), and sea bottom
salinity (d) at six stations in June from 2000 to 2009

Species composition of zooplankton functional
groups (data from the June cruises)
For GC, LC, SC, and CH, the dominant species
(Table 3) and their contributions to the total biomass
(sum of all stations at all time points) of each
zooplankton functional group were analyzed. E.
pacifica (89%) and T. gracilipes (9%) dominated the
GC group. C. sinicus dominated the LC group ([98%)
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and was sampled at every station during all cruises.
The dominant SC species were P. parvus (82%), O.
similis (10%), and Centropages mcmurrichi (3%). The
CH group consisted mainly of Sagitta nagae (70%)
and Sagitta crassa (30%).
In the ME functional group, Phialidium hernisphaericum was the most abundant species sampled (74%
of the total abundance of ME). P. hernisphaericum,
Euphysora bigelowi, Proboscidactyla flavicirra, and
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Euphysa aurata were sampled at more than three
stations during all six cruises, whereas the other five
ME species were only collected at one station. The
only species in the SA functional group was Salpa
fusiformis (Table 3).
Geographical distribution of zooplankton
functional groups (June cruises)
The largest GC biomass was sampled at s3 in 2001,
followed by s1 and s2 in 2007 (Fig. 4a). The occurrence
frequency of high GC biomass ([100 mg m-2) was
highest at s3 and s5 (both 100%), followed by s6
(83.3%) and s2 (66.7%), and lowest at s1 and s4 (both
50%). Thus, the GC group was distributed mainly in the
MY and EY regions. The LC biomass ranged from
69.2 mg m-2 at s1 in 2000 to 5457.5 mg m-2 at s6 in
the same year, and the variation was smaller than that of
the GC group. The interannual average biomass of the
LC group was highest at s2, followed by s3 and s6, and
lowest at s1 (Fig. 4b); these results illustrate the
offshore preference distribution pattern of LC group.
The SC biomass ranged from 106.3 mg m-2 at s2 in
2003 to 2400.5 mg m-2 at s1 in 2002. SC biomass
[1,000 mg m-2 occurred only in the WY and MY
regions (Fig. 4c). The highest average CH biomass
occurred at s5, followed by s2, whereas the values were
lowest at s6 and s1 (Fig. 4d). Thus, the CH group was
distributed mainly in the MY region.
ME species were rarely collected during the cruises.
The highest ME abundances were found at s1 and s4 in
2007, and no ME species were sampled at s2. When
present, ME species were mostly distributed in the WY
region (Fig. 4e). SA (S. fusiformis) was only collected
in 2007, and its abundance was highest in the WY
region and lowest in the MY region (Fig. 4f).
The RDA results clearly illustrate the regional
distribution patterns of the functional groups (Fig. 5).
Each domain had its own distinctive features: The WY
region had the highest SBT, the MY region had the
lowest SBT, and the EY region had the highest SBS.
SBT and SBS are more important to affect the
distribution pattern of zooplankton functional groups,
as the longer length of arrows shown in Fig. 5. SC
biomass was positively correlated with SBT (as
indicated by the similar directions of their arrows),
and high SC biomass was mainly located in the WY
region and part of the MY region. The GC and LC
groups had a similar distribution pattern, with high

biomasses located mainly in the EY and MY regions.
High CH biomass was mainly distributed in the MY
region.
Interannual changes of zooplankton functional
groups (June cruises)
Figure 6a–c shows the interannual changes in biomass
for the four zooplankton functional groups in the three
domains. The biomass value of GC was relatively high
in 2001, 2007, and 2009 among all three domains,
while relatively low in 2002 and 2003. LC group had
relatively stable biomass during the study period
among all three domains, except high biomass
occurred in 2000 at EY. The biomass of SC group
was relatively high in 2002 and 2007 at WY, and
relatively low in 2003 among all domains. CH group
exhibited much higher biomass in 2003 at WY and
MY regions. ME abundance was much higher in 2007
and relatively low in 2002 and 2003 in the WY region
(Fig. 6d).

Discussion
Geographical pattern of zooplankton functional
groups
In summer, the YSCWM is a prominent feature in the
Yellow Sea (Su & Weng, 1994). It is located at the
bottom of the center region of the Yellow Sea in the
area bounded by the 50-m isobath, and is characterized
by low temperature and high salinity. When the
thermocline starts to develop in mid-spring, the
YSCWM begins to form; it is already well developed
by June, and peaks in intensity in July and August (Bai
et al., 2004; Yu et al., 2006).
In this study, both the MY and EY domains were in
the region of the YSCWM, but had different hydrological conditions (Fig. 2). Water in the EY region is
composed of Yellow Sea Local Cold Water and
modified water of the Yellow Sea Warm Current,
whereas a different independent local cold water mass
is present in the MY region (Zhang et al., 1996). Thus,
the EY region is more saline and less cold than the MY
region (Fig. 3). The WY domain is located outside of
the YSCWM area and is affected by river input, so in
June the water in contact with the bottom in this region
has the highest temperature and the lowest salinity.

123

Hydrobiologia

Fig. 4 Interannual and regional variations in biomass
(mg m-2) and abundance (ind m-2) of zooplankton functional
groups in June from 2000 to 2009. a–d show the biomass of the

123

GC, LC, SC, and CH groups, respectively; e and f show the
abundance of the ME and SA groups, respectively

Hydrobiologia

Fig. 5 RDA results. The plot shows zooplankton functional
group (dependent) variables, environmental (independent)
variables, and stations. The station symbols are the same as
those in Fig. 1; see Table 2 for station numbers. The naming
convention for the stations is yysn, where yy is year and n is
station number. This is for June cruises from 2000 to 2009

The various environmental conditions that characterize the three domains affect the composition of the
zooplankton functional groups. Iguchi and Ikeda
(1995) found the optimum growth temperature for E.
pacifica to be 11.4°C and that it died within 1 day at
temperatures higher than 20°C. Uye (1988) found that
the embryonic development of C. sinicus occurs in the
range of 5–20°C, and others found that its most
favorable survival temperature was between 10 and
20°C (Li, 1963; Huang & Zheng, 1986). This may
explain why we found the GC and LC functional
groups to be distributed mainly in the MY and EY
domains (Figs. 4 and 5); the YSCWM serving as an
oversummering refuge for E. pacifica and C. sinicus,
when SST increased in summer (Wang et al., 2003;
Sun et al., 2011). In addition, GC and LC species are
important prey items for anchovies, and in sufficiently
deep water they can undergo diurnal vertical migration
to avoid visual predators (Uye, 2000; Wang & Zuo,
2004; Endo & Yamano, 2006; Liu & Sun, 2010). The
biomasses of E. pacifica and C. sinicus were low close
to shore, concurring with the findings of Sun et al.
(2011), Huang et al. (1993), and Kang & Kim (2008).

The SC group mainly occurs in coastal waters (Sun
et al., 2010), where the complicated physical environment may benefit biological production (Mann, 1993).
In addition, the high temperature present in inshore
areas in June favors the SC population. For example,
the specific egg production rate of Paracalanus sp.
was shown to increase quasi-exponentially and the
development time from egg to adult was found to
decrease with increased temperature under laboratory
conditions (Uye, 1991; Uye & Shibuno, 1992) and in
the field (Uye & Shibuno, 1992; Liang & Uye, 1996).
Anon. (1977) reported that the aggregation zone of
two chaetognath species was generally located in the
region where low salinity coastal water mixes with
high-temperature and high-salinity outer water; this
distribution agreeing with our finding that most
members of the CH group were found in the MY
region (Fig. 4d). Members of the ME group were
mainly distributed in the WY region, possibly due to
its warm temperature and good food availability (i.e.,
the SC group).
In summary, the presence of the YSCWM, resulting
in the different hydrological conditions within the
three domains, affects the distribution of different
zooplankton functional groups. In other words, different zooplankton functional groups have their own
distribution patterns affected by the YSCWM in the
Yellow Sea.
Interannual changes of zooplankton functional
groups
Park et al. (2011) showed that the YSCWM exhibits
interannual-to-interdecadal variability that may be
related to climate change, and during the 2000 to
2008 time period the temperature of bottom water of the
YSCWM was highest in 2007 and 2002. The temperature of the deep cold water in summer depends on the
SST of the previous winter in the Yellow Sea (Bai et al.,
2004; Hu & Wang, 2004; Park et al., 2011). In this
study, in the MY and EY regions the average SBT was
higher in June in 2007, 2009, and 2002 than in the other
years (Fig. 3b), which was in accordance with SST in
February, that was higher at both coastal stations in
2002 and 2007 and lower in 2003 (Fig. 7a, b). The
normalized monthly area-averaged SST collected by
MODIS–Terra remote sensing showed the same
trend among the three domains (Fig. 7c–e). Thus, the
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Fig. 6 Interannual changes in average biomass (mg m-2) of
the four zooplankton functional groups (a–c) in the three
domains and interannual changes in average abundance (ind

m-2) of the ME functional group (d) in WY. a–c WY, MY, EY
regions, respectively; d the ME functional group in the WY
region. This is for June cruises from 2000 to 2009

temperature anomalies in winter induced by climate
change will affect YSCWM strength.
GC biomass was relatively low in 2002 and 2003
and relatively high in 2001, 2007, and 2009 during the
study period (Fig. 6). A patchy distribution is common
for E. pacifica (Sun et al., 2011), and the high GC
biomass that occurred in 2001 was attributed to the
maximum E. pacifica biomass present at s3 (Fig. 4a).
In spring, the abundance of E. pacifica nauplii was
positively correlated with SBT (P \ 0.05), and juvenile abundance was positively correlated with SST
(P \ 0.01) (Sun et al., 2011). Thus, relatively high
SBT in 2007 and 2009 may have benefitted the E.

pacifica population, which is the dominant GC
species, and the lower SBT in 2003 may explain the
low GC biomass in the same year. In addition,
phytoplankton blooms also affect recruitment of E.
pacifica (Pinchuk & Hopcroft, 2006; Sun et al., 2011),
and the brood size has been found significantly
correlated with in situ measurements of Chl a concentrations (Gómez-Gutiérrez et al., 2007). The Chl
a concentrations were very low in 2002 in the MY and
EY regions (Fig. 8), which may have affected population development of E. pacifica, resulting in low GC
biomass in 2002. As E. pacifica shows obvious diel
vertical migration (Endo & Yamano, 2006; Liu & Sun,
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Fig. 7 Seasonal (y-axis) and interannual variation (x-axis) of
normalized (mean = 0, SD = 1) SST. a and b are normalized
SST for a 10-day average composite of data from the coastal
stations (see Fig. 1). a Xiaomaidao; b Lianyungang. c, d, and
e are normalized monthly area-averaged SST data collected by

MODIS-Terra remote sensing; these data were downloaded from
http://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/gui.cgi?instance_id=
ocean_month, and selected areas for averaging are shown as
rectangles in Fig. 1: c WY, d MY, and e EY

Fig. 8 Seasonal (y-axis) and interannual variation (x-axis) in
monthly area-averaged chlorophyll a concentrations (Chl a,
mg m-3) collected by SeaWiFS remote sensing; data were

downloaded from http://gdata1.sci.gsfc.nasa.gov/daac-bin/G3/
gui.cgi?instance_id=ocean_month, and selected areas for averaging are shown as rectangles in Fig. 1: a WY, b MY, and c EY

2010), high GC biomass often occurred at stations
sampled during night (20:00–04:00, Table 2 and
Fig. 4), suggesting sampling in day time may underestimate GC biomass.
The LC biomass, which was dominated by C.
sinicus, did not show significant interannual differences within each domain (Fig. 6). Although the
spring recruitment of C. sinicus is very important to its
population structure (Wang et al., 2009), it can spawn
during every season and has another reproductive peak
in autumn (Zhang et al., 2005). Suspended

development of the fifth copepodite stage and energy
conservation in the YSCWM allow C. sinicus to live
through the warm and food-limited summer (Li et al.,
2004; Pu et al., 2004). These multiple life history
strategies can keep the population stable. However,
extrinsic factors also can affect the population. For
example, increasing fishing pressure has overexploited the fisheries resources in the area (Zhang
et al., 2007; Jin et al., 2013), and this in turn has
reduced the effects of predators on LC biomass (Kang
et al., 2007).
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Members of the SC group exhibit high fecundity and
growth rates when the food supply is adequate and high
reproduction and growth rates at warmer temperatures
(Turner, 2004, and references therein). These reproductive strategies allow them to quickly grow and reproduce
to expand the population as a response to appropriate
environmental conditions. According to Uye (1991), at
an average temperature of 15°C the generation time from
egg to adult of Paracalanus sp. would be 21.8 days, and
this duration would shorten as the temperature increased.
Therefore, the high SC biomass that occurred in 2002
and 2007 in this study may be attributable to the warmer
temperature in these years (Uye, 1991; Uye & Shibuno,
1992; Liang & Uye, 1996). And this may also explain the
lower SC biomass in 2003 (cold year). Predation is
another factor that can control the SC biomass. For
example, members of the CH group consume mainly
copepods (Nagasawa & Marumo, 1972, 1984; Nomura
et al., 2007). CH biomass was much higher in 2003 than
in the other years during the study period; thus, intense
grazing pressure by the CH group likely worked in
conjunction with temperature to impact SC survival.
The SA group (Salpa fusiformis) was collected only
in 2007. It was not present in September and October
2006 and first appeared in December 2006 (Liu et al.,
2012). This finding suggests that the SA group was
brought into the Yellow Sea by an incursion of warm
water in winter (Chae et al., 2008). The SST was
higher from October 2006 to May 2007 than that
during the same months in other years between 2000
and 2009 (Fig. 7), and the Chl a concentrations were
high in the spring in 2007 (Fig. 8), which may have
benefitted the survival of the SA group and led to its
mass occurrence in May–June 2007 (Liu et al., 2012).
The ME group also was most abundant in 2007,
possibly due to the warmer water temperature (Purcell
et al., 2007). The SA group likely had a serious impact
on the spring phytoplankton bloom and competed with
other zooplankton for this resource (Andersen, 1985;
Liu et al., 2012), whereas members of the ME group
directly fed on zooplankton. Therefore, the high
abundances of SA and ME species in 2007 affected
the zooplankton community at the same time.
Distribution pattern of zooplankton in association
with distribution of giant jellyfish
The giant jellyfish N. nomurai formed a bloom in the
tidal front areas of the Yellow Sea in August and
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Fig. 9 Distribution and biomass of giant jellyfish and small
copepods (SC) in the Yellow Sea. Giant jellyfish Nemopilema
nomurai was sampled during August and September 2006
(redrawn from Zhang et al. (2012)), interannual average SC
biomass data at each station come from this study. Biomass
increases linearly with the pie diameter. Contour lines indicate
bottom temperature during August and September 2006, and
SBT isotherm of 10°C is blue bold to delimitate the YSCWM

September 2006 (Zhang et al., 2012), and these front
areas coincide with the MY and WY regions in this
study (Fig. 9). We found that the relatively high
biomass values of the GC, LC, SC, and CH functional
groups occurred in the MY region and the relatively
high biomass of the SC group also occurred in the WY
region (Fig. 4). The diameter of the mouthlets of N.
nomurai is about 1 mm throughout the medusa stage,
and this limits the size of their food to the micro- and
mesozooplankton size range (Uye, 2008). Xu et al.
(2013) suggested that the timing of phytoplankton
blooms and the period of rapid ephyral growth were
matched in the coastal region of the Yellow Sea but
were mismatched in the offshore region. Copepods
can quickly develop and expand population when the
environment is appropriate in spring, and we found
that the SC group was mainly distributed in the WY
and MY regions, whereas the LC group was mainly
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Fig. 10 Conceptual
diagram of the influences on
biomass and distribution of
giant jellyfish Nemopilema
nomurai by SST, the
YSCWM, phytoplankton,
and small copepods. White
rectangles with sharp
corners represent the factors
and process inducing giant
jellyfish blooms, while gray
rectangles with rounded
corners represent the
influences on the
distribution of giant jellyfish

located in the EY and MY regions. Thus, the SC group
and N. nomurai shared a similar geographical distribution pattern, and it was likely that low SC biomass in
the EY region of the Yellow Sea limited the size of the
N. nomurai population there. In this way, the SC group
may have an important effect on the jellyfish
population.
Interannual variations in jellyfish abundance are
related to zooplankton abundance and temperature
changes (Gibbons & Richardson, 2009). Xu et al.
(2013) reported that SST in the Yellow Sea was
significantly lower in non-N. nomurai outbreak years
than in N. nomurai outbreak years and suggested that
low temperature might reduce the proliferation of N.
nomurai. Results of the current study show that SC
biomass is related to temperature, as SC biomass was
higher in warm years than in cool years. Thus in cold
years, the relatively low biomass of SC species may
restrict the extent of jellyfish blooms. Unfortunately,
we did not collect zooplankton samples in 2008 and
2010, when jellyfish were not abundant and temperature was relatively low (Xu et al., 2013), thus we
could not confirm whether or not SC biomass was low
in these years. Therefore, long-term monitoring of
environmental factors, abundance/biomass of zooplankton functional groups, and giant jellyfish outbreaks is still needed to better understand the
mechanisms underlying jellyfish blooms in Chinese
coastal waters and their ecological consequences.
Zhang et al. (2012) described the distribution of
jellyfish species in the Yellow Sea, and Xu et al. (2013)
focused on the relationships between interannual

variability in SST and giant jellyfish (N. nomurai)
outbreaks and between interannual variability in
phytoplankton blooms and giant jellyfish outbreaks.
However, neither of these studies considered the
zooplankton community, which directly affects the
jellyfish population by providing food. The results of
our study partially fill this gap (Fig. 10) and indicate
that (1) different distribution patterns of zooplankton
functional groups are affected by the YSCWM in the
Yellow Sea, and (2) the geographic and interannual
variation of zooplankton functional group can affect
the distribution of the jellyfish community and may
affect interannual variations of giant jellyfish abundance. The SC group was more important to the N.
nomurai population than the other groups, as SC
species and giant jellyfish shared a similar geographical distribution pattern in the Yellow Sea, and we
propose that interannual changes in SC biomass related
to temperature affect the abundance and geographic
range of N. nomurai blooms.
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