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Abstract
As planktonic ciliates have been recognized as important players in marine microbial food webs, relevant studies have been 
conducted in the western coastal waters of the Yellow Sea. However, little is known about ciliate distributions from the east-
ern coast of the Yellow Sea near the Korean Peninsula. A spring cruise in April 2019 was carried out to investigate vertical 
and horizontal distributions of ciliate plankton at 18 stations that form three zonal sections in the eastern area. Biological 
(picoplankton, nanophytoplankton, and mesozooplankton) and hydrological (water temperature and salinity) environments 
were also analyzed to understand relationships between the ciliate distributions and the environments. High abundance (ca. 
2400 cells  L−1) of a large ciliate species, Laboea strobila, was observed at the surface water of Stn. 37–5. Abundance peak of 
large (> 50 μm) ciliates coincided with the peak of mesozooplankton abundance. Spatial distribution of the large ciliates was 
associated with nanophytoplankton distribution while a smaller (20–50 μm) ciliate group was associated with picoplankton 
distribution. Therefore, the spring distribution of ciliate plankton in the southeastern coast of the Yellow Sea indicates that 
food size for the ciliates is one of the important factors controlling ciliate compositions as well as their abundances. Further 
investigations need to be carried out to understand seasonal differences of ciliate distributions in the eastern Yellow Sea.
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1 Introduction

Nano- and picoplankton have been recognized as dominant 
contributors of phytoplankton biomass and productivity 
in the marine pelagic ecosystem (Malone 1980; Stockner 
1988; Worden et al. 2004, 2015). Microzooplankton more 
than mesozooplankton grazers efficiently preys upon nano- 
and picoplankton. Planktonic ciliates, a major component 
of microzooplankton, have been focused on understanding 
marine planktonic food webs, acting as top-down regulators 
of pico- and nanoplankton and as a food source for meso-
zooplankton. Thus, the ciliates have been targeted by many 
ecological studies for decades in coastal and pelagic areas, 

and reviewed in studies related to seasonal distributions and 
population dynamics (Pierce and Turner 1992).

The Yellow Sea, a shallow semi-enclosed marginal sea of 
the western Pacific, is located between the Korean Peninsula 
and the Chinese continent and possesses typical character-
istics of Large Marine Ecosystems. High productivity and 
trophically linked species in the Yellow Sea support rich bio-
logical resources and fishing grounds (Zhang et al. 2019). As 
a planktonic ecosystem in marine food webs forms the basis 
for fisheries productivity, a lot of studies on phytoplankton 
and zooplankton have been carried out in the Yellow Sea 
(Kang and Kim 2008; Kang et al. 2007; Shi et al. 2020; 
Wang et al. 2019). Higher contribution, ca. 53%, of small 
phytoplankton (< 2 μm) to total chlorophyll a was recorded 
in the Yellow Sea in summer (Jang et al. 2018). A change 
from microplankton to pico- and nanoplankton dominance 
was also reported in the surface central southern Yellow 
Sea, which is considered to be due to the existence of the 
Yellow Sea Cold Water Mass (Sun et al. 2019). As ciliate 
plankton are a major consumer of pico- and nanoplankton, it 
is important to assess ciliate ecology to understand microbial 
food webs in the Yellow Sea. Distribution of ciliate plankton 
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has been mainly surveyed in the western Yellow Sea where 
it is bounded by Chinese coastal waters (Chen et al. 2018; 
Yu et al. 2014; Zhang et al. 2008, 2009, 2018; Zhao et al. 
2018). Seasonal variations of ciliate distributions have been 
well reported on using data collected from the western Yel-
low Sea. Unfortunately, there is no information about ciliate 
distributions in the eastern Yellow Sea of the Korean EEZ.

Based on a serial survey of seasonal distributions of cili-
ate plankton, the spatial distribution of the ciliates was inves-
tigated in the southeastern Yellow Sea in spring of 2019, 
and the data and results are discussed in relation to previous 
information of ciliate plankton from the southwestern Yel-
low Sea.

2  Materials and Methods

A cruise was conducted in spring (19–26 April) of 2019 in 
the southeastern Yellow Sea on board R/V “Onnuri”. Sam-
pling for ciliate plankton and associated relevant environ-
mental factors was undertaken at 18 stations that form three 
zonal sections, Line 35, 36 and 37 (Fig. 1).

Water temperature and salinity were measured using 
the CTD profiler (SBE 911, Seabird) attached on a rosette 
sampler. Seawater was collected at several depths from each 
station. Sample depths (generally 3–7 depths) were chosen 
depending on the vertical structures of water properties 
including the subsurface chlorophyll maximum (SCM) layer 
estimated by CTD down casting.

Two liters of seawater for ciliate samples was fixed 
with neutral Lugol solution at a final concentration of 2%. 
Depending on cell density, 5–50 ml aliquots of fixed samples 
were concentrated by overnight sedimentation. Tintinnid 
ciliates were identified based on lorica morphology (Alder 
1999; Kim and Choi 2016; Kofoid and Campbell 1929). 

Naked ciliates were divided into four size categories accord-
ing to cell length (> 20, 20–50, 50–100, and > 100 μm). Cili-
ate cells were counted using a Sedgwick-Rafter counting 
chamber at 200 × magnification using a Zeiss Axioscope 2.

For naked ciliates, their cell length and width were 
measured as similar geometrical shapes (cylinder, sphere, 
and cone) to obtain the cell volume. For tintinnid ciliates, 
the lorica volume of the cell was calculated by measuring 
cell dimensions. Carbon biomass of naked ciliates was cal-
culated based on cell volume with a conversion factor of 
0.19 pg μm−3 (Putt and Stoecker 1989). Carbon biomass 
of tintinnid cells was calculated by the equation: carbon 
(pg) = 444.5 + 0.053 lorica volume (μm3), formulated by 
Verity and Langdon (Verity and Langdon 1984).

Water samples for determining abundances of small phy-
toplankton were preserved in a mixture of paraformaldehyde 
and glutaraldehyde at final concentrations of 1 and 0.05%, 
respectively and frozen at −70  °C (Marie et  al. 1996). 
Autotrophic picoeukaryotes and nanophytoplankton were 
enumerated using flow cytometry after filtering through a 
35 μm cell strainer (Falcon). Heterotrophic and autotrophic 
bacteria (Synechococcus) were counted respectively using 
flow cytometry after staining with SYBR Green I (Sigma-
Aldrich, St. Louis, MO, USA) (Marie et al. 1997).

Mesozooplankton was sampled by vertically towing a 
conical net (200 μm mesh, 60 cm mouth diameter) equipped 
with a digital flowmeter (Model 438-110, Hydro-bios, Ger-
many) from near-bottom to surface. The samples were 
immediately preserved in buffered formalin at 4% final con-
centration. The mesozooplankton specimens were identified 
to species or genus level using a stereomicroscope (Stemi 
2000-C, Zeiss, Germany).

Principal component analysis was used to analyze rela-
tionships among water temperature, salinity, and biological 
parameters of ciliate-sized groups and possible prey items 
(heterotrophic and autotrophic bacteria, picoeukaryotes, and 
nanophytoplankton). Statistical computation was performed 
using XLSTAT 2010 (AddinSoft™).

3  Results

3.1  Vertical and Horizontal Distribution of Ciliate 
Plankton

Ciliate plankton was mainly distributed above 20 m depth of 
an upper water column (Fig. 2). Higher abundances (> 4000 
cells  L−1) of ciliate plankton were observed at Stns. 35–5, 
35–7 and 35–13 in Line 35, Stns. 36–1, 36–2 and 36–7 in 
Line 36, and Stn. 37–5 in Line 37. Vertical distribution of 
ciliate abundances in Line 37 was well reflected in vertical 
changes of carbon biomass. However, there were consid-
erable differences in the vertical distribution between cell Fig. 1  Sampling stations in the southeastern Yellow Sea
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abundances and carbon biomass of the ciliates at Stn. 35–13 
in Line 35 and Stn. 36–5 in Line 36.

Cell size distributions of ciliate plankton showed that a 
smaller sized (< 20 μm) group of naked ciliates was abun-
dant at Stn. 35–13 (Fig. 3a). In contrast, size compositions 
of ciliate cells at Stn. 37–5 where the abundances of ciliate 
plankton were well reflected in the biomass distribution 

indicated that larger naked ciliates were relatively abun-
dant in the upper layer (Fig. 3b). Laboea strobila was a 
dominant species among the larger ciliates over 100 μm.

Horizontal distributions of ciliate abundance and carbon 
biomass integrated from the surface to subsurface chloro-
phyll maximum (SCM) layer showed a different pattern. A 
patchy distribution of ciliate abundances was found at Stn. 

Fig. 2  Vertical profiles of ciliate abundances (cells  L−1) and carbon biomass (μg C  L−1) in 35 (a, b), 36 (c, d), and 37 (e, f) lines of the sampling 
area

Fig. 3  Vertical distributions of tintinnid abundances and naked ciliate abundances in cell size categories (< 20, 20–50, 50–100, and > 100 μm) at 
Stns 35–13 (a) and 37–5 (b) where ciliates bloomed
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35–13 where the smaller cells were abundant (Figs. 3a and 
4a) while higher carbon biomass of ciliates appeared at Stn 
37–5 and 37–6 where the larger species, L. strobila, was 
dominantly distributed (Figs. 3b and 4b).

3.2  Hydrological Environments on Ciliate 
Distribution

The vertical profile of water temperature showed a rapid 
decrease in the upper depth (< 20 m) at most sampling sta-
tions except at five stations (37–2, 36–1, 36–2, 35–1, and 
35–3) which were located close to the western coast of the 
Korean Peninsula (Fig. 5). The thermocline was relatively 
well developed at 10–25 m depth. There was no clear dif-
ference in the vertical changes of salinity and it tended to 
increase further from the coast.

It is noticeable that the temperature displayed a consider-
able drop, 11.3–6.7 °C, between the surface and 25 m depth 
at the northern hot pot (Stn. 37–5) of ciliate distribution. A 
relatively high temperature of ca. 12 °C was recorded at the 
upper layer (surface to 10 m depth) of Stn. 35–13 where the 
small ciliates were abundant.

3.3  Biological Environments on Ciliate Distribution

The highest biomass of ciliate plankton was recorded at Stn. 
37–5 in Line 37 (Fig. 6a). Among the size categories of cili-
ate cells, the larger ciliates over 50 μm were abundant in ca. 
60% of total carbon biomass at the hot spot. The maximum 
abundance of mesozooplankton also occurred at the same 
site, Stn. 37–5. A copepod species, Acatia hongi, dominated 
at the site (Fig. 6b).

Principal component analysis of ciliate plankton and 
environmental variables showed close relationships among 
the ciliate-sized groups and the biological environments. In 
detail, the larger ciliates over 50 μm were closely related 

with nanophytoplankton distribution while the smaller cili-
ate group (20–50 μm) was plotted in closer distribution with 
picoplankton groups of heterotrophic and autotrophic bacte-
ria as well as autotrophic picoeukaryotes (Fig. 7).

4  Discussion

4.1  Size Distribution of Ciliate Plankton

Different size species of ciliate assemblages feed on differ-
ent size categories of prey. Therefore, information regarding 
cell size distribution in ciliate communities is important to 
understand the amount of food available to them under cer-
tain circumstances. Partitioning of pico- and nanoplankton 
consumed by marine ciliates was estimated (Rassoulzade-
gan et al. 1988). Ciliates smaller than 30 μm fed on 72% 
picoplankton and 28% nanoplankton whereas for 30–50 μm 
ciliates, the proportions were reversed—30% picoplankton 
and 70% nanoplankton. Larger ciliates (> 50 μm) consumed 
nanoplankton almost exclusively—at a level of 95%. Sub-
sequently, based on the ciliate size-dependent consumption, 
total ciliate production was estimated in the coastal N–W 
Mediterranean.

Ciliate community, a major component of microzoo-
plankton, was suggested as an important factor to regulate 
picoplankton distribution in the East China Sea and in 
northern Yellow Sea (Guo et al. 2014; Yang et al. 2020; 
Zhao et al. 2018). Cell abundances of three functional 
groups in picoplankton, heterotrophic bacteria, autotrophic 
bacteria (Synechococcus), and autotrophic picoeukaryotes, 
were separately analyzed in this study. These picoplank-
ton groups were associated with 20–50-μm-sized ciliates 
(Fig. 7). Especially, a very close relationship was shown 
between autotrophic picoeukaryotes and 20–50-μm-sized 
ciliates. The result suggests that the picoeukaryotes can 

Fig. 4  Horizontal distribution of ciliate abundances (cells  m−2) and carbon biomass (μg C  m−2) integrated from surface to SCM layer
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serve as an effective food source for the small ciliates that 
occur in spring in the southeastern Yellow Sea. It has been 
generally understood that nano sized (≤ 20 μm) planktonic 
ciliates ingest bacterioplankton (Pierce and Turner 1992). 
Although there were no significant relationships in spatial 

distributions between the nanociliates and the bacterio-
plankton in the spring study, bacterioplankton potential 
as an available food source for the nanociliates should be 
carefully reassessed through further seasonal studies in the 
southeastern Yellow Sea.

Fig. 5  Vertical profiles of water temperatures (°C) and salinity in 35 (a, b), 36 (c, d), and 37 (e, f) lines of the sampling area

Fig. 6  Abundance changes of naked ciliates (a) in cell size categories (< 20, 20–50, 50–100, and > 100 μm) and of mesozooplankton and Acatia 
hongi (b) at the stations in 37 line. Microphotographic shape of Laboea strobila cell fixed with Lugol soln. (c)
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Picoeukaryotes contribute an important fraction to pri-
mary production in the photic ocean seawaters (Worden 
et al. 2015). It seems likely that protist grazers like ciliates 
and dinoflagellates serve more generally as consumers of 
picoeukaryotic phytoplankton in surface ocean environ-
ments (Landry et al. 2011; Pasulka et al. 2015). Especially, 
the mixotrophic Strombidium species of naked ciliates 
prefer picoeukaryotic prey like Micromonas pusilla (Orsi 
et al. 2018). 20–50-μm-sized ciliates with a tail, which was 
a taxonomical group in the former genus Tontonia, were 
abundant in this study area of the Yellow Sea. Considering 
most species among tailed ciliates are mixotrophic (Pierce 
and Turner 1992), the result suggests that a close relation-
ship between the ciliates in the size class of 20–50 μm and 
the picoeukaryotes seems reasonable in terms of a prey 
and predator coupling. It was reported that community 
patterns and temporal variation of picoeukaryotes differ in 
response to changes in the Yellow Sea Warm Current (Xu 
et al. 2017). Therefore, further analyses need to determine 
distribution dynamics among ciliates, picoeukatyotes, and 
warm currents in the southeastern Yellow Sea.

In the southeastern Yellow Sea, spatial distributions of 
larger ciliate groups (50–100 and > 100 μm) and nanophy-
toplankton abundances were significantly correlated. High 
consumption of nanophytoplankton by ciliate plankton may 
be a function of the oral diameter of the ciliate species. 
Optimal food particles of three naked ciliates, Strombid-
ium vestinum, S. reticulatum, and Lohmaniella spiralis, 
with a cell size range of 20–70 μm (ESD) varied from 2 
to 10 μm in the food particle size (Jonsson 1986). A linear 

relationship between cell volume of planktonic ciliates 
and their natural food sizes was demonstrated by Bernard 
and Rassoulzadegan (Bernard and Rassoulzadegan 1990). 
Therefore, it is naturally accepted that the distribution of 
larger ciliate abundances in this study was more closely 
related to changes in nanophytoplankton distribution than 
the distribution of the smaller prey of three picoplankton 
groups.

4.2  Ecological Significance of Laboea strobila Bloom

Approximately 42% of planktonic ciliates have chloroplasts 
in surface waters during spring and summer (Stoecker et al. 
1987). A larger oligotrich species among the plastidic cili-
ates, Laboea strobila, is well known as an obligate mixo-
troph and accounts for 46% of the biomass of plastidic cili-
ates (Stoecker et al. 1988). Its distribution has been reported 
around the world in temperate coastal waters (Dolan 1991; 
Dolan and Marrasé 1995; Modigh 2001). Over 600 cells 
 L−1 of L. strobila was observed in the temperate coastal 
Long Island Sound USA (McManus and Fuhrman 1986). 
The dominant distribution of L. strobila was also reported 
in the Yellow Sea. Maximum abundance of L. strobila was 
recorded in the range of 640 and 10,000 cells  L−1 in April, 
2000 and in June, 2006 in the southwestern Yellow Sea, 
respectively (Zhang et al. 2002, 2018). In this study of April 
in 2019, high abundance (ca. 2400 cells  L−1) of L. strobila 
in the larger size (> 100 μm) ciliates was observed at the 
surface water of Stn. 37–5. Therefore, it is assumed that L. 
strobila in the Yellow Sea displays a clear seasonality in 
terms of its population growth in spring.

Chlorophyll a concentration of L. strobila had an aver-
age value of 82 pg  cell−1 (Putt 1990). Seven percent of total 
chlorophyll concentration was contributed by L. strobila 
cells when the abundance peaked in spring from Chinese 
coastal waters of the southwestern Yellow Sea (Zhang et al. 
2018). If the cellular concentration was used to estimate the 
chlorophyll content of the plastidic ciliate, L. strobila, the 
chlorophyll concentration of 0.2 μg  L−1 could have been 
contributed when the bloom of L. strobila occurred at the 
surface of Stn. 37–5. This value of maximum contribution 
was 8% of total chlorophyll a (2.5 μg  L−1, data from personal 
communication with D.H. Choi) and is a similar value com-
pared to the chlorophyll contribution in the Chinese coastal 
waters of the Yellow Sea. Laboea strobila has photosyntheti-
cally functional chloroplasts and its photosynthesis can make 
an important contribution to the carbon budget (Stoecker 
et al. 1988). It was concluded that L. strobila may have 
higher trophic efficiencies than heterotrophic ones because 
respiratory and excretory requirements are augmented by 
photosynthesis (Putt 1990). Therefore, the trophic position 

Fig. 7  Principle component analyses of naked ciliate-sized groups 
(NC < 20, NC 20–50, NC 50–100, and NC > 100), possible items 
[heterotrophic bacteria (HB), autotrophic bacteria (AB), autotrophic 
picoeukaryotes (APE), nanoplankton (NP)] for prey, and hydrological 
factors [water temperature (WT), salinity (SAL)]
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of ciliates in planktonic food webs needs to be reconsidered 
in relation to mixotrophic ciliates in the Yellow Sea. Further 
studies on ciliate plankton should be expanded using techni-
cal approaches for understanding major trophic pathways 
that are particular to the Yellow Sea.

4.3  Planktonic Ecosystem in the Yellow Sea 
in Spring

Ciliate plankton play important roles as alternative food 
sources for copepods and first-feeding fish larvae (Pierce 
and Turner 1992). Relatively large ciliate, such as L. stro-
bila, can be efficiently preyed upon by a variety of mesozoo-
plankton. A study in the Yellow Sea in spring was carried 
out to learn about the spatial distribution of ciliates as a 
prey source for higher trophic levels like mesozooplank-
ton and fish larvae (Zhang et al. 2002). The abundance 
peaks of L. strobila and available predators like anchovy 
larvae coincided in that study. Similarly, in the present 
study, higher abundances of the large (> 50 μm) ciliates 
and the mesozooplankton were detected at the same place 
(Fig. 6). It is assumed that the concurrence of abundance 
in both communities of ciliates and mesozooplankton can 
be understood on the basis of a prey-predator relationship 
in the planktonic ecosystem of the Yellow Sea in spring. 
Acartia hongi, a dominant species of mesozooplankton at 
the peak site, was reported as an effective grazer on ciliates 
rather than phytoplankton in Gyeonggi Bay of the Yellow 
Sea (Yang et al. 2010). Therefore, the bottom-up control of 
ciliate plankton, especially large naked ciliates, is effective 
for mesozooplankton distribution in spring of the bay. Zoo-
plankton distribution in autumn was reported from the same 
study area in this study (Kim and Kang 2019). Compared 
to the results of this study in spring, the dominant species 
of zooplankton was clearly different in fall. There was no 
significant relationship between the abundance of dominant 
species and chlorophyll concentration. This indicates that 
other alternative food items like ciliates may be considered. 

Further studies need to be conducted to understand seasonal 
differences in the ecological roles that ciliate plankton play 
in the Yellow Sea.

Ciliate plankton can be also controlled by available food 
sources such as pico- and nanoplankton (Pierce and Turner 
1992). Ciliates were distributed as the most major compo-
nent of nano- and micro-zooplankton communities in Gyeo-
nggi Bay of the Yellow Sea (Yang et al. 2008). Their size 
distribution was positively correlated with size-fractioned 
phytoplankton. In this work in the southeastern coastal 
waters of the Yellow Sea, the spatial distributions of prey 
communities and ciliates showed reasonable results from 
the viewpoint of trophic relationships. In detail, the dis-
tribution of picoeukaryotes and medium-sized (20–50 μm) 
ciliates displayed a positive relationship while a significant 
correlation was shown between the abundances of nano-
phytoplankton and the large (> 50 μm) ciliates. High con-
sumptions of edible sized prey by ciliates can be under-
stood based on the knowledge that optimal prey size can 
be determined by the oral size of ciliate cell (Pierce and 
Turner 1992; Spittler 1973). Therefore, the ciliate distribu-
tion in the Yellow Sea suggests that food size is one of the 
important factors controlling ciliate compositions as well 
as their abundances. Concentrations of pico- and nano-
sized chlorophyll a accounted for 25 ± 16–52 ± 21% of 
the total chlorophyll a, 1.4 ± 1.2 µg  L−1, respectively (data 
from personal communication with D.H. Choi). Accord-
ingly, the feeding potential of the ciliate plankton on these 
small phytoplankton groups might be considerable in the 
southeastern Yellow Sea. To better understand top-down 
control of ciliate plankton, distributions of picoplankton 
and nanophytoplankton should be investigated in detail in 
subsequent works.

Fig. 8  A conceptual diagram 
on major trophic pathways in 
planktonic ecosystem of the 
southeastern Yellow Sea in 
spring
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In conclusion, Laboea strobilia, which is a large mixo-
trophic species among naked ciliate plankton, can act as 
important prey source for mesozooplankton growth in 
spring of the Yellow Sea. Ciliate plankton can consume 
proper sized algal preys: nanophytoplankton for large-sized 
(> 50  μm) ciliates and picoplankton for medium-sized 
(20–50 μm) ciliates (Fig. 8). 
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