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Abstract
Zooplankton abundance, biovolume and taxonomic composition in Jiaozhou Bay and the
adjacent coastal Yellow Sea were evaluated using ZooScan measurement of samples collected by net towing
every August from 2005 to 2012. Zooplankton abundance and biovolume ranged from 1 938.5 to 24 800 ind./
m3 and 70.8 to 1 480.1 mm3/m3 in Jiaozhou Bay and 73.1 to 16 814.3 ind./m3 and 19.6 to 640.7 mm3/m3 in
the coastal Yellow Sea. Copepods were the most abundant group in both regions, followed by Noctiluca
scintillans and appendicularians in Jiaohzou Bay, and chaetognaths and Noctiluca scintillans in adjacent
coastal Yellow Sea. Over the study period, the most conspicuous hydrographic change was an increase in
water temperature. Meanwhile, a general decrease in zooplankton abundance was observed, particularly in
copepod populations. Based on redundancy analysis (RDA), the warming trend was the key environmental
factor inﬂuencing to decrease of copepod abundance. The proportion of small-sized copepods increased
while the mean size of all copepods decreased, in signiﬁcant correlation with water temperature. Our results
indicate that zooplankton, particularly copepods, are highly sensitive to change in water temperature, which
is consistent with predicted impacts of warming on aquatic ectotherms. Due to their dominance in the
zooplankton, the decline in copepod size and abundance could lead to an unfavourable decrease in energy
availability for predators, particularly planktivorous ﬁsh.
Keyword: copepod; abundance; body size; ZooScan; temperature; northwestern Yellow Sea

1 INTRODUCTION
Global warming is considered to be one of the most
important factors for future changes in marine
ecosystems (Mackas et al., 2012), and its eﬀects are a
fundamental area of research. Zooplankton are
undoubtedly the most abundant metazoans on Earth,
playing pivotal roles in the transfer of energy from
primary producers and the microbial food web to
upper trophic levels (Sherr and Sherr, 2009).
Zooplankton also play an important role in

biogeochemical cycles in the ocean (Dam et al.,
1995). Because zooplankton are ectotherms with
short life cycles that allow for fast response to
stressors through phenotypic plasticity or evolutionary
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adaptation, they are considered as sentinels for the
response of the oceanic biota to climate change (Hays
et al., 2005; Dam, 2013).
In recent decades, scientiﬁc knowledge on marine
ecosystem responses to global warming has
signiﬁcantly increased (Roemmich and McGowan,
1995; Wernberg et al., 2011; Lewandowska et al.,
2014; Chiba et al., 2015), with many investigators
ﬁnding that global warming could impact zooplankton
community structure. In the Sevastopol Coast in the
Black Sea, species richness of copepods decreased
between 1976 and 1990, and community structure has
changed as well due to the increasing of warm-water
species Acartia tonsa and sharp decreasing of the
cold-water species Pseudocalanus elongatus
(Gubanova et al., 2001). In the Northeast Atlantic, the
diversity of calanoid copepods has signiﬁcantly
increased due to increase of sea surface temperature
(SST) in the western European basin (Beaugrand and
Ibañez, 2002). During this process, zooplankton size
also changed, with a shift in diversity as small warmwater species were gained and larger cool water
species were lost. Daufresne et al. (2009) proposed
that long-term warming will result in a general
decrease in the size of marine ectotherms by
decreasing individual mean size and/or increasing
abundance of smaller copepods species. Long-term
data series are essential to understand such changes
(Suikkanen et al., 2013).
Jiaozhou Bay is a eutrophic semi-enclosed bay
situated in the western part of the Shandong
Peninsula, China. It is surrounded by Qingdao City
(population 9×106), with an area of 374 km2 and an
average water depth of about 7 m. The bay mouth
narrows to 2.5 km and connects the bay with the
South Yellow Sea, which is a traditionally productive
ﬁshing ground as well as a spawning and nursery
area for local ﬁsh populations (Jin et al., 2010; Tang
et al., 2016). Previous studies on zooplankton have
mainly focused on spatial distribution and population
dynamics (Zhang et al., 2009; Liu et al., 2011; Sun et
al., 2011a; Wang and Sun, 2015), while their
community structure has been studied only rarely.
Because of individual body size was diﬀerent across
taxonomic groups and between various life stages of
the same species, community composition
assessments may diﬀer between abundance and
biovolume. Thus, combined consideration of
abundance and biovolume together are recommended
for assessing the zooplankton community (Dai et al.,
2016a). Furthermore, studies describing the time
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variability of zooplankton in Jiaohzou Bay are of
coarse even fewer and did not allow to evidence
ﬂuctuations at larger time scales. Considering the
strategic situation of Jiaozhou Bay in northeast
China (Zhang et al., 2015), the lack of long time
series of zooplankton in the area motivated the
present study.
Seawater temperature has a warming rate of
0.023°C/a between the 1960s and 2009 in Jiaozhou
Bay, consistent with rising northern hemisphere
temperature (NHT) (Sun et al., 2012). Similar trends
have also been reported in adjacent coastal seas, such
as the Bohai Sea (Lin et al., 2001; Ning et al., 2010)
and Yellow Sea (Lin et al., 2005; Kang et al., 2007).
In this study, we found that summer water temperature
increased from 2005 to 2012 in Jiaozhou Bay and the
adjacent coastal Yellow Sea. Given this trend, we
sought to investigate the following objectives: (1) to
study the summer zooplankton community structure
in the northwestern Yellow Sea, and (2) to test whether
changes observed in copepods are consistent with
predictions of the eﬀects of warming on ectotherms
(Daufresne et al., 2009).

2 MATERIAL AND METHOD
2.1 Zooplankton sampling
Zooplankton samples were collected using
vertical tows of a conical plankton net with total
length of 140 cm, ring diameter of 31.6 cm and mesh
size of 160 μm, from the demersal to the surface at
two diﬀerent sampling points. These included
Station 5 (36°06′00″N, 120°15′00″E) in Jiaozhou
Bay with an average depth of 15.4 m, and Station 10
(35°59′00″N, 120°25′30″E) in the coastal Yellow
Sea in the vicinity of the mouth of Jiaozhou Bay
with an average depth of 17.4 m. Samples were
collected yearly in mid-August from 2005 to 2012
(Table 1, Fig.1). After collection, samples were
preserved immediately in 5% neutral formaldehyde
seawater solution.
At each station, vertical temperature and salinity
proﬁles were recorded by a CTD instrument (CTG
MiniPack CTD-F in 2005–2007, ALEC AAQ 11831F CTD in 2008–2012). Column temperature and
salinity means were obtained from surface, 5 m, 10 m
and bottom measures. Chlorophyll a concentrations
were determined ﬂuorometrically using a Turner
Designs model-10 ﬂuorometer (Parsons et al., 1984)
for seawater taken with a rosette sampler near the
surface.
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Table 1 Water depth and sampling times/dates at the
sampling stations

N
36.25°
36.20°
36.15°

1657

Station
Jiaozhou Bay
5

36.10°

Qingdao
○

36.05°
10

36.00°

Station 5

35.95°

Data
(dd/mm/yyyy)

Time
(hh:mm–hh:mm)

Water
Bottom
depth (m) depth (m)

18/08/2005

10:15–10:45

15.4

13.0

16/08/2006

11:10–11:35

17.0

15.0

15/08/2007

14:25–14:50

15.8

14.5

10/08/2008

09:20–09:50

15.0

13.0
13.0

13/08/2009

13:55–14:11

14.3

35.90°

14/08/2010

13:18–13:43

13.1

11.0

35.85°

11/08/2011

13:25–14:00

15.7

14.0

16/08/2012

15:00–15:30

16.7

14.5

16/08/2005

10:20–10:45

16.8

14.0

15/08/2006

10:10–10:30

18.0

16.0

15/08/2007

09:30–09:55

18.0

16.5

09/08/2008

10:15–10:40

17.0

15.0

13/08/2009

10:00–10:17

17.1

15.0

13/08/2010

10:55–11:22

16.0

13.0

10/08/2011

10:50–11:25

16.0

14.0

15/08/2012

12:10–12:40

20.0

18.0

120.05°

Yellow Sea

120.15°

120.25°

120.35°

120.45° E 120.55°

Fig.1 Location of sampling stations 5 and 10 in Jiaozhou
Bay and the coastal Yellow Sea

2.2 Zooplankton analysis
Preserved zooplankton samples were subjected to
image analysis using a semi-automatic ZooScan
system (http://www.zooscan.com). In the laboratory,
a fraction of each plankton sample was obtained with
a Motoda box splitter (Motoda, 1959). Subsamples,
usually between 1/4 and 1/64 of the original samples,
were scanned in a scanning cell with a transparent
frame (11 cm×24 cm) and digitized at 4 800 dpi
following the scanning protocol (Schultes and Lopes,
2009). After processing the samples with ZooProcess,
the detected objects were automatically classiﬁed
according to a learning set, and corrections were
made manually (Grosjean et al., 2004; Gorsky et al.,
2010). By default, only objects having an equivalent
spherical diameter (ESD) of >300 μm were detected
and processed. Zooplankton taxonomic groups were
identiﬁed through the ZooScan system. Based on this
dataset, we divided total copepods into two diﬀerent
ESD-based body sizes, S1 (300–500 μm) and S2
(>500 μm).
Abundance (ind./m3) of total zooplankton in each
taxonomic group was calculated using the following
equation:
Abundance=number of zooplankton(splitting/net
volume).
Zooplankton biovolume (mm3/m3) was calculated
as follows:
Biovolume=volume of zooplankton individuals
(splitting/net volume).
Zooplankton volume (mm3) for all taxa except
Noctiluca scintillans was approximately equal to
ellipsoidal volume, and was calculated as

Station 10

Bottom depth was the depth of vertical tows.

4
Major
Minor 2
)(
)(
) ,
3
2
2
while for Noctiluca, volume (mm3) was also
determined assuming that the cells are spherical. This
was calculated as
(

(

4
ESD 3
)(
),
3
2

where the net volume can be obtained by multiplying
the area of net mouth and the vertical distance that the
net was towed, the Major, Minor and ESD (μm) of
each object were provided by ZooScan.
2.3 Data analysis
Yearly diﬀerences in environmental variables
(temperature, salinity and Chl α) were compared
using one-way analysis of variance (ANOVA), and
diﬀerence in variables between the two sampling
stations were analysed by t-test.
Redundancy analysis (RDA) was used to assess
relationships between zooplankton abundance and
environmental variables, and was performed using
CANOCO software version 5 (Microcomputer Power,
USA). The zooplankton species data are analysed
using detrended correspondence analysis (DCA) to
identify the ordination methods (Hill and Gauch,
1980). If the maximum gradient length of the four
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Fig.2 Vertical proﬁles of temperature and salinity at both sampling stations in August 2005–2012
Station 5: (a) and (b); station 10: (c) and (d).

axes is lower than 3, redundancy analysis (RDA) is
recommended (Peng et al., 2012). Zooplankton
abundance values and environmental variables were
transformed as log(x+1) to stabilize variance and
normalize data distributions.
Linear regression was applied to evaluate the
relationship between average total volume of
copepods and water temperature.

3 RESULT
3.1 Hydrography
Between 2005 and 2012, temperature decreased
relative to increasing depth at the two sampling
stations (Fig.2a, c). Surface temperature ﬂuctuated
between 25.1 and 28.0°C, and 23.9 and 26.5°C at
stations 5 and 10, respectively, and reached low points
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Fig.4 Interannual variation in sea surface chlorophyll α
(μg/L) at both sampling stations in August 2005–2012.

30

25
24
23
22
21

of 22.5 and 18.4°C at bottom depth in 2005. Average
water column temperature ranged from 23.3 to 26.4°C
(Fig.3a), and 22.1 to 26.2°C (Fig.3c) at stations 5 and
10, respectively. Signiﬁcant temperature diﬀerences
among the years were clearly observed at both stations
(ANOVA, station 5: P=0.003; station 10: P=0.05).
The period of 2005–2012 exhibited an overall
warming trend despite 2011 as an outlier. The year
2012 was the warmest year of the sampling period.
Conversely, salinity increased with increasing
depth (Fig.2b, d). Salinity varied from 19.8 to 30.8,
and 29.0 to 31.2 on the surface, and reached 28.1 and
29.2 at the bottom depth at stations 5 and 10,
respectively. Average water column salinities ranged
from 25.7 to 30.8 (Fig.3b), and from 29.1 to 31.2
(Fig.3d) at stations 5 and 10, respectively. Salinity
also showed signiﬁcant interannual variation
(ANOVA, station 5: P=0.001; station 10, P<0.001),
with the lowest value in 2007, an increasing trend was
only observed at station 5.
Chl α concentrations varied among years (Fig.4),
with a maximum in 2008 (station 5: 12.6 μg/L; station
10: 5.2 μg/L) and minima in 2009 at station 5
(0.7 μg/L) and in 2007 at station 10 (0.3 μg/L).
3.2 Zooplankton abundance, biovolume and
taxonomic composition

31
Salinity
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30

29
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2008
Year

2009
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2011

2012

Fig.3 Interannual variation in water column averaged
temperature and salinity at both sampling stations in
August 2005–2012
Station 5: (a) and (b); station 10: (c) and (d). Vertical bars show SE.

During the study period, zooplankton abundance
and biovolume ranged from 1 938.5 to 24 800 ind./m3
and 70.8 to 1 480.1 mm3/m3 at station 5 and 73.1 to
16 914.3 ind./m3 and 19.6 to 640.7 mm3/m3 at station
10 (Tables 2, 3). Generally, both zooplankton
abundance and biovolume at station 5, were higher
than at station 10.
Twelve diverse zooplankton taxonomic groups
were observed in total: appendicularians, bivalve
larvae, chaetognaths, cladocerans, copepods, decapod
larvae, echinoderm larvae, medusae, polychaete
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Table 2 Abundance and biovolume of established zooplankton taxonomic categories averaged across all cruises at station 5
in August 2005–2012
Category

Abundance (ind./m3)

Biovolume (mm3/m3)

Range

Mean±SE

Range

Mean±SE

Copepods

1 884.6–13 569.2

4 877.3±1 444.4

40.1–921.6

238.2±105.5

Appendicularians

0–855.2

325.5±128.7

0–21.7

8.1±3.3

Chaetognaths

57.1–373.3

251.8±37.6

17.9–209.7

116.9±24.6

Medusae

0–1 538.5

256.3±186.2

0–65.1

19.2±9.4

Noctiluca scintillans

0–8 400.0

1 170.1±1 036.7

0–264.6

36.2±32.7

Cladocerans

0–123.1

42.6±20.9

0–9.7

2.0±1.2

Nauplius larvae

0–114.3

50.5±13.8

0–2.34

1.0±0.3

Polychaete larvae

0–153.9

72.3±17.5

0–9.2

3.4±1.2

Bivalve larvae

0–90.9

50.5±11.9

0–2.8

1.3±0.3

Echinoderm larvae

0–171.4

60.6±28.3

0–5.6

1.8±0.9

Decapod larvae

30.8–236.4

106.6±25.2

1.1–53.4

26.0±7.0

Other zooplankton

0–110.3

26.1±15.5

0–119.3

16.2±14.8

Total zooplankton

1 938.5–24 800.0

7 290.1±2 669.9

70.8–1 480.1

470.2±162.3

Table 3 Abundance and biovolume of established zooplankton taxonomic categories averaged across all cruises at station 10
in August 2005–2012
Category

Abundance (ind./m3)

Biovolume (mm3/m3)

Range

Mean±SE

Range

Mean±SE

Copepods

65.4–1 3171.4

3 774.9±1 468.3

1.7–434.7

120.1±49.11

Appendicularians

0–800.0

193.2±98.1

0–11.3

3.7±1.6

Chaetognaths

7.7–800.0

253.3±90.6

11.8–466.2

84.8±54.9

Medusae

0–285.7

55.9±35.0

0–10.2

2.4±1.4

Noctiluca scintillans

0–1 200.0

221.3±144.2

0–32.6

6.2±3.9

Cladocerans

0–693.3

157.7±94.5

0–22.2

6.0±3.4

Nauplius larvae

0–262.5

77.8±34.5

0–5.3

1.6±0.7

Polychaete larvae

0–213.3

79.6±29.7

0–13.9

3.5±1.7

Bivalve larvae

0–57.1

22.2±9.0

0–1.4

0.5±0.2

Echinoderm larvae

0–114.3

28.1±12.7

0–9.2

1.9±1.1

Decapod larvae

0–228.6

98.7±30.4

0–41.9

19.5±5.9

Other zooplankton

0–100.0

32.2±11.9

0–4.2

1.1±0.5

Total zooplankton

73.1–16 914.3

4 994.9±1 864.4

19.6–640.7

251.4±86.7

larvae, nauplius larvae, Noctiluca scintillans and
other zooplankton (Figs.5, 6). Copepods were the
most abundant zooplankton group, comprising 66.9%
of total abundance at station 5 and 75.6% at station
10, followed by N. scintillans (16.1%) at station 5 and
chaetognaths (5.1%) at station 10. Appendicularians
were the next most abundant group, comprising 4.5%
at station 5 and 3.9% at station 10. Gelatinous
zooplankton are generally considered to include
appendicularians, chaetognaths and medusae,
together accounting for 11.5% and 10.1% of the total

abundance at stations 5 and 10, respectively. In this
study, meroplankton comprised bivalve larvae,
decapod larvae, echinoderm larvae and polychaete
larvae, and accounted for 4.0% and 4.6% of the total
abundance at stations 5 and 10. Copepods dominated
zooplankton biovolume, making up 50.7% of the total
at station 5 and 47.8% of the volume at station 10.
These were followed by chaetognaths, making up
24.9% at station 5 and 33.7% at station 10, then N.
scintillans at station 5 making up 7.7%, and decapod
larvae at station 10 making up 7.8%.
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Fig.5 Relative abundance of zooplankton taxonomic groups averaged across all cruises at two sampling locations in late
summer 2005–2012
a. station 5; b. station 10.
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Fig.6 Relative biovolume of diﬀerent zooplankton taxonomic groups averaged across all cruises at two stations in late
summer 2005–2012
a. station 5; b. station 10.

3.3 Zooplankton variability
We observed year to year variability in the main
groups of zooplankton (Figs.7, 8), characterised by an
overall decrease in abundance and biovolume for
some groups from 2005 to 2012. This decrease was
particularly evident in the populations of copepods,

appendicularians and medusae, which clearly declined
over the course of the study. Large population
numbers (>4 900 ind./m3 for copepods, >250 ind./m3
for appendicularians and >200 ind./m3 for medusae)
occurring in 2005–2007 did not reappear between
2008 and 2012 at either sampling station. N. scintillans
also exhibited a decreasing trend with the largest cell
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Fig.7 Interannual variability in abundance (ind./m3) of zooplankton groups in August 2005–2012
a. copepods; b. Noctiluca scintillans; c. appendicularians; d. chaetognaths; e. medusae; f. meroplankton. Left panel: station 5; right panel: station 10.
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density in 2005. Chaetognaths and meroplankton
showed a ﬂuctuation during the study period, while
an increasing trend was observed in pluteus (53.3 ind./
m3 in 2006, 15.4 ind./m3 in 2008, 85.7 ind./m3 in 2011
and 137.9 ind./m3 in 2012) in Jiaozhou Bay. The
highest abundance (114.3 ind./m3) of pluteus has been
observed in 2011 in coastal Yellow Sea. Biovolume of
each zooplankton group was correlated with its
abundance, and exhibited a similar variability (Fig.8).
RDA results are displayed in ordination plots for
both stations (Fig.9). At station 5, abundance of
copepods, N. scintillans, bivalve larvae and decapod
larvae were correlated negatively with water
temperature, while echinoderm larvae were positively
correlated with water temperature and Chl α.
Medusae, appendicularians and polychaete larvae
were negatively correlated with salinity. At station 10,
medusae, appendicularians and N. scintillans were
negatively related with salinity, and copepods,
nauplius larvae, polychaete larvae, bivalve larvae and
decapod larvae negatively associated with
temperature.
In the case of copepods, the abundance of size rank
S1 (300–500 μm) was generally higher than that of
size rank S2 (>500 μm), and the abundances of both
size ranks showed a decreasing trend at either station
(Fig.10). In addition, we found that the relative
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abundance of size rank S1 signiﬁcantly increased,
while that of size rank S2 signiﬁcantly decreased at
both sampling stations (Fig.11). At the same time, the
average volume of copepods decreased. A statistically
signiﬁcant relationship was found between the
average volume of copepods and water temperature
(station 5: R2=0.66, P=0.026; station 10: R2=0.54,
P=0.032) (Fig.12).

4 DISCUSSION
4.1 Zooplankton abundance, biovolume and
taxonomic composition
The abundance and biovolume of zooplankton in
Jiaozhou Bay and the adjacent Yellow Sea were
calculated in this study. These values were consistently
higher at station 5 than at station 10, and both were
within range of the reported abundance and biovolume
in the coast of South Yellow Sea (Dai et al., 2016b).
The high abundance and low biovolume of
zooplankton in the present study area, in comparison
to geographically similar areas in the Northwest
Paciﬁc (Sato et al., 2015), indicates a dominance of
small-sized species in the zooplankton community.
Our data provide basic information about the

summer zooplankton community in the northwestern
Yellow Sea. In both regions, copepods were the most
abundant group, accounting for a large proportion of
total zooplankton (66.9% and 75.6% at stations 5 and
10, respectively). Moreover, copepods also comprised
about half of the total biovolume (50.7% and 47.8%
at stations 5 and 10), which reﬂects their community
dominance in this region. Our results are in the 50%–
80% range reported for copepods in many marine
ecosystems (Wickstead, 1976). N. scintillans also
made up considerable abundance, especially in
Jiaozhou Bay (16.1%, Fig.5a). We also found that
chaetognaths ranked second in total biovolume, in
keeping with previous reports by Ishizaka et al.
(1997). In Jiaozhou Bay, copepods, N. scintillans and
appendicularians were the top three dominant
taxonomic groups based on abundance, while
chaetognaths were a dominant taxonomic group
based on biovolume. In the adjacent coastal Yellow
Sea, copepods, chaetognaths and meroplankton
dominate the zooplankton based on both abundance
and biovolume. As evidenced by this ranking,
meroplankton also occupied a very important position
in the coastal ecosystem in summer, but have often
been ignored in prior investigations.
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zooplankton

A decreasing inter-annual trend was observed in
both zooplankton abundance and biovolume, reﬂected
in the major taxa including copepods. Copepod
abundance was negatively correlated with water
temperature in both regions (Fig.9), suggesting that a
progressive depletion in zooplankton could be a
response to the warming trend. Similar results were
found during a 30-year study from 1959 to 1992 in
the Bohai Sea (Tang et al., 2003). We also found that
the proportion of small-sized copepods increased and
the mean size of all copepods was reduced during our
study period, in close relationship with temperature
(Fig.12). Our results were consistent with predictions
of the eﬀects of warming on ectotherms (Daufresne et
al., 2009).
In Jiaozhou Bay and the adjacent coastal Yellow
Sea, the summer copepod community was comprised
mainly of a few species considered to be main
secondary producers, including Paracalanus parvus,
Acartia bifilosa, Acartia pacifica, Oithona brevicornis
and Calanus sinicus (Sun et al., 2008). Many studies
have found that the embryonic development and
survival of C. sinicus are optimised below 20°C
(Huang and Zheng, 1986; Uye, 1988). During our
study, water temperature in August was generally
higher (Fig.2a, c), likely aﬀecting the growth and
population of C. sinicus, Acartia, Oithona and
Paracalanus. Copepods have also been shown lower
abundance at warmer ambient temperature in
laboratory experiments, particularly as adults (Garzke
et al., 2015).
Noctiluca scintillans is a large-sized heterotrophic
and omnivorous dinoﬂagellate, frequently blooms
massively in spring and early summer in temperate
coastal waters (Harrison et al., 2011). Many studies
have reported that temperature is the limiting factor
for the growth of N. scintillans in summer, and it was
probably due to high water temperatures since its
growth rate drastically decreased when water
temperature above 25°C (Huang and Qi, 1997; Tada
et al., 2004; Dela-Cruz et al., 2008). N. scintillans in
this study was negative correlated with water
temperature (Fig.9a), and the highest abundance was
recorded with the lowest temperature in 2005 (Fig.7b).
Gelatinous zooplankton are generally considered
to
include
medusae,
chaetognaths
and
appendicularians, comprising more than 10% of the
total abundance in our studied areas (Fig.5). Medusae
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are recognized as predators feeding mostly on
microzooplankton, mesozooplankton and ﬁsh larvae.
By analysing the distribution patterns of zooplankton
functional groups in the South Yellow Sea, Shi et al.
(2015) found that medusae were mainly distributed in
coastal waters, concurrent with small copepods.
Therefore, a decrease in copepod abundance may
cause ﬂuctuation in medusozoan populations. In our
studied regions, Sagitta crassa is the only chaetognaths
species occurring in summer (Sun et al., 2008; Wang
et al., 2010), has a wide survival temperature and
salinity range (0–28°C and 9.3–48.7, respectively)
(Liu et al., 2007), which includes the range in our
study period. S. crassa mainly feeds on copepods and
zooplankton larvae. In Jiaozhou Bay, the lowest
feeding pressures of S. crassa on zooplankton biomass
and production (0.08% and 2.48%) were recorded in
summer (Wang et al., 2010), indicating food items
were abundant for S. crassa. Thus, as shown in our
results chaetognaths exhibited a ﬂuctuation.
Oikopleura dioica is the only appendicularian species
that occurred (Sun et al., 2008), and can quickly
respond to environmental change. For example, the
lowest salinity during our study was observed in the
summer of 2007 after heavy rains (270 mm in one
day), coincident with a high abundance of
appendicularians (Figs.7c, 8c). Furthermore, we
found that the abundance of appendicularians was
negatively correlated with salinity over the course of
the study (Fig.9). Similar results have previously
reported in other coastal waters. In the Seto Inland
Sea, Japan, low salinity and nutrient-rich waters were
introduced to the surface layer in the aftermath of
typhoon rains, causing a bloom of appendicularians
(Nakamura, 1998). Similarly, in southern Kaneohe
Bay, Hawaii, appendicularians exhibited the most
dramatic response to a major runoﬀ event, with
biomass increasing six-fold in one day (Hoover et al.,
2006).
Meroplankton occupied a very important position
in the coastal ecosystem, and was considered to be
more sensitive than holozooplankton in response to
climate change (Edwards and Richardson, 2004;
Hays et al., 2005). In North Sea, an increased
abundance of the larvae of a benthic echinoderm,
Echinocardium cordatum, was recorded (Lindley and
Batten, 2002). Kirby et al. (2007) proposed that
warmer conditions in the North Sea after 1987,
together with increased phytoplankton, may act
synergistically to increase the reproduction output
and population density of this species. In present
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study, an increasing abundance of pluteus (a larva of
echinoderm) was registered, which was positive with
water temperature and Chl a (Fig.9a). In Jiaozhou
Bay, increased temperature was reported, particularly
in winter and spring (Sun et al., 2012); this would
enhance individual fecundity and reduce mortality
during the larval stage of echinoderm (Rumrill, 1990).
In addition, the total abundance of phytoplankton
increased from 1980s in Jiaozhou Bay (Sun et al.,
2011b), which was considered to be important for the
growth and development of the planktonic larvae of
benthic echinoderms (Fenaux et al., 1994). In recent
years, starﬁsh blooms took place to cause severe
damage in bivalve aquaculture in Jiaozhou Bay
(Zhang et al., 2015). Thus, more attention should be
given to meroplankton, such as echinoderm larvae.
It has been suggested that global warming selects
for smaller organisms in marine systems (Daufresne
et al., 2009; Forster et al., 2012; Garzke et al., 2015).
Decreasing copepod size with increasing temperature,
as seen in our study, has been previously reported
under laboratory conditions (Garzke et al., 2015) and
in the ﬁeld (Suikkanen et al., 2013; Rice et al., 2015),
with two possible explanations. First, small copepods
exhibit high fecundity and growth rates when food
supply is adequate at warmer temperatures (Turner,
2004). Generation time from egg to adult of
Paracalanus sp. would be 21.8 days when raised at an
average temperature of 15°C, with this duration
decreasing as temperature increased (Uye, 1991). By
this mechanism, the higher relative abundance of
small-sized copepods in our study (Fig.11) may be
attributed to warmer temperatures in these years. This
is keeping with a study in the South Yellow Sea,
which found higher biomass of small copepods during
warmer years (Shi et al., 2015). As an alternative
explanation, a rise in temperature could reduce the
average size of copepods. We found that the average
volume of total copepods had a clear negative
correlation with water temperature (Fig.10a, b). This
phenomenon can be explained by the temperaturesize rule (TSR), which states that the individual body
size of ectotherms tends to decrease with increasing
temperature (Daufresne et al., 2009). It is conﬁrmed
that rates of growth and development in copepods are
unequally aﬀected by temperature, such that the rate
of development increases more quickly with
temperature than does growth rate (Lehman, 1988).
Therefore, under warmer conditions, the adult stage is
reached before the largest potential size is achieved
(Forster and Hirst, 2012). For example, mean size of
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adult Acartia sp. decreased by 123 μm when raised at
17.5°C instead of 9.5°C (Garzke et al., 2015).
Apart from these direct eﬀects, increasing
temperature may have indirect eﬀects on copepod
size by aﬀecting the quality of their food. Previous
mesocosm studies have shown that mean cell size of
phytoplankton decreased with temperature (Sommer
and Lengfellner, 2008). Copepods feed selectively on
>10 μm food particles, and the degree to which
herbivorous coastal copepods are food-limited may
be strongly dependent on the structure of the
phytoplankton assemblage (Dam and Peterson, 1991).
In our study areas, the proportion of nanophytoplankton (2–20 μm) compared to microphytoplankton (>20 μm) has increased since the
1990s in signiﬁcant correlation with rising water
temperature, and nano-phytoplankton were dominant
during our study period (Sun and Sun, 2012). This
change in phytoplankton composition may favour
smaller-sized copepods.
General decreases in zooplankton abundance and
mean size of total copepods and an increase in the
relative abundance of small-sized copepods in
Jiaozhou Bay and the adjacent coastal Yellow Sea are
in line with predictions regarding the impact of global
warming on marine ecosystems (Daufresne et al.,
2009; Garzke et al., 2015). Because of the southern
Yellow Sea is a spawning and nursery area for local
ﬁnﬁsh populations (Jin et al., 2010; Tang et al., 2016),
all of the abovementioned changes could disrupt
ﬁsheries by aﬀecting predator-prey dynamics between
larval ﬁsh and their primary copepod prey, particularly
as most planktivorous ﬁsh are visual predators and
select prey based on both type and size. This may, in
turn, lead to ecological changes aﬀecting community
structure and ecosystem function such as secondary
production and the ﬂux of biogenic materials.

5 CONCLUSION
The present study provides basic information on
the zooplankton community over an 8-year period in
relation to environmental variables in Jiaozhou Bay
and the adjacent coastal Yellow Sea. In both areas,
copepods were dominant based on both abundance
and biovolume, followed by chaetognaths. In Jiaozhou
Bay, N. scintillans occupied a more important role
than in the Yellow Sea, where meroplankton were
more prevalent. We identify a progressive decrease in
zooplankton abundance over the study period,
particularly in copepods. In addition, the proportion
of small-sized copepods increased while the mean
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size of total copepods decreased, with the concurrent
increase in water temperature likely driving these
changes. Phenological change is also very common
for zooplankton, such as copepods, is there any
phenological change in our studied regions, and how
long the species can adapt to global warming need
more studies. Considering the limitations of time
scales in this study, further long-term monitoring
survey is recommended.
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