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Abstract
We assessed the influence of the distinct characteristics of the three seas surrounding the Korean coast (the Yellow Sea, 
YS; the South Sea, SS; and the East Sea, ES) on the phytoplankton and bacterial communities by conducting field surveys 
at 23 stations in February 2021. The average water temperature (WT) of the ES and the SS (9.5 ± 2.4℃) was significantly 
higher compared to that of the YS (4 ± 1.3℃), on account of the Tsushima Warm Current and their relatively deep depth. 
Additionally, the unique tidal range of the YS, combined with its low WT, led to the highest dissolved oxygen concentration 
(YS: 11 ± 1.2 mg L–1. SS: 10 ± 1.3 mg L–1. ES: 9 ± 1.0 mg L–1). This difference was related to regional Chl. a concentrations 
and the dominance of diatoms. Particularly, due to freshwater input, the diatom Thalassiosira rotula proliferated significantly 
at St. Y2, while strong tides in the YS led to the sub-dominance of benthic diatom Paralia sulcata. In addition, we found 
a relatively higher number of endemic species (13 species) in intermediate SS region than in other regions (YS: 6 species 
with strong mixing condition and ES: 3 species with low seed population). Moreover, there were differences in the number 
of shared species depending on proximity of each region (YS-SS: 10; SS-ES: 4; YS-ES: 2 species). The dominant diatoms, 
Eucampia zodiacus and Chaetoceros pseudocurvisetus, in the SS exhibited a negative correlation with the concentrations 
of nutrients in PCA analysis, suggesting that nutrients supplied by water mixing were being utilized for their growth. 
Despite high nutrient levels, the biomass was low in the deep ES region, averaging Chl. a < 0.3 µg L–1 with Cryptomonas 
spp. dominating instead of diatoms, indicating a lower presence of the seed population of diatoms in this region. Bacterial 
communities were dominated by the genus Polaribacter within the order Flavobacteriales and the genus Sulfitobacter 
within the order Rhodobacterales, showing their association with WT and dominant species of phytoplankton. Additionally, 
the dominance of specific bacterial species associated with predominant phytoplankton resulted in a decrease in bacterial 
diversity. These findings suggest that the region-specific oceanographic factors, such as water depth, tidal range, and ocean 
currents of Korean coastal waters, during winter have a significant impact on the micro-ecosystem, including phytoplankton 
and bacterial communities.
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1  Introduction

Coastal ecosystems within bays and estuaries are signifi-
cantly influenced and shaped by major land–ocean interac-
tions (Paerl et al. 1990; Cloern 2001; Lee et al. 2018). In 
these regions, the increase in pollutants, such as domestic 
sewage and industrial waste, has been exacerbated by popu-
lation growth and industrial development, leading to height-
ened concerns regarding water quality and the frequency of 
phytoplankton blooms that affect human health and marine 
ecosystems adversely (Mallin et al. 1991; Hung et al. 2004; 
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Baek et al. 2015; Lu et al. 2018). Temperate coastal areas, 
recognized as global hotspots for marine productivity, are 
crucial for supporting significant fisheries yields and provid-
ing essential nutrients to approximately 40% of the global 
human population (Boyd et al. 2007). Positioned in a tem-
perate zone, the Korean Peninsula is subject to pronounced 
seasonality driven by seasonal monsoons (Kim et al. 2014), 
where frequent occurrences of phytoplankton blooms, 
including harmful algal blooms, often lead to substantial 
economic losses (Lim et al. 2021; Lee and Kim 2008).

In the temperate coastal regions of the Northern 
Hemisphere, the dry winter season is marked by strong 
winds from the north and northwest, coupled with 
minimal precipitation. Conversely, the summer season 
features winds from the south and southeast, which bring 
substantial rainfall. This distinct seasonal pattern has a 
profound influence on nutrient dynamics and phytoplankton 
population dynamics in coastal waters (Baek et al. 2009; 
Baek et  al. 2019; Yoon et  al. 2024). During winter, 
windstorms promote significant water mixing, enhancing 
nutrient loading throughout the water column (Baek et al. 
2020). This nutrient accumulation persists in the euphotic 
layer, driven by reduced uptake of phytoplankton nutrients 
due to diminished light levels and shorter photoperiods. Such 
availability of nutrients is a critical factor in determining the 
patterns and processes of phytoplankton blooms in these 
waters (Kim et al. 2019), thereby affecting the population 
dynamics and distribution patterns of phytoplankton along 
the coast.

Marine bacteria are fundamental to marine ecosystems, 
as they regulate nutrient cycles, synthesize vitamins, and 
decompose pollutants (Buchan et al. 2014; Park et al. 2015; 
Seymour et al. 2017). Their interaction with phytoplankton is 
crucial for cycling nutrients, enhancing microbial diversity, 
and maintaining stability of the ecosystem. Bacteria aid 
phytoplankton growth by absorbing and transforming 
available nutrients into forms accessible to phytoplankton, 
and also contribute to the recycling of nutrients through the 
synthesis and breakdown of organic compounds (Buchan 
et al. 2014; Teeling et al. 2016). This interaction also affects 
the proliferation and decline of phytoplankton populations, 
influencing the structure and diversity of microbial plankton 
communities significantly. For example, in mesocosm 
studies, the addition of nitrogen and phosphate can trigger 
phytoplankton blooms, subsequently increasing bacterial 
abundance (Park et al. 2020).

The Korean Peninsula is bordered by the Yellow Sea to 
the west, the South Sea (connected to the East China Sea) to 
the south, and the East Sea (Sea of Japan) to the east (Fig. 1). 
These Korean coastal waters (KCWs) are significantly 
influenced by ocean currents, particularly the Jeju Warm 
Current (JWC) and the Tsushima Warm Current (TWC), 
both of which are branches of the Kuroshio Current and are 

characterized by high salinity (Lie and Cho 2016). The JWC 
and TWC notably affect the characteristics of water mass in 
the southern part of Korea, especially during the autumn 
and winter seasons. The East Sea, a large marginal sea posi-
tioned between the Eurasian continent and Japan, with an 
average depth of 1800 m, interacts with the TWC from the 
Kuroshio Warm Current and the North Korean Cold Cur-
rent (NKCC) from the colder Liman Current. This dynamic 
results in the formation of a distinct subpolar front around 
38–40°N, where the warm water mass from the East Korea 
Warm Current (EKWC) meets the cold water mass from the 
NKCC (Isoda and Saitoh 1993; Mitchell et al. 2005; Chang 
et al. 2004; Lee et al. 2009). To the west, the Yellow Sea, a 
shallow semi-enclosed marginal sea with a depth of approxi-
mately 200 m, lies along the western coast of the Korean 
Peninsula and is bordered by Korea and China (Lie and Cho 
2016). This region is renowned for its high productivity and 
is a vital area for the production of marine fisheries (Chang 
et al. 2014; Jin and Tang 1996).

Seasonal monsoons, especially during winter, influence 
coastal waters significantly by lowering water temperatures 
and enhancing vertical mixing (Baek et al. 2020). While the 
nutrient supply from land is typically reduced in winter due 
to lower rainfall, the increased vertical mixing during this 
period promotes the transfer of nutrients from the bottom 
layer to the surface, thereby boosting overall concentrations 
of nutrients (Lee et al. 2018; Baek et al. 2019). It is thought 
that these variations in environmental factors among the 
Yellow Sea, South Sea, and East Sea drive shifts in the 
composition of phytoplankton and bacterial communities. 
Despite this general awareness, current knowledge on the 
interactions between phytoplankton and bacteria in the 
coastal waters of the Korean Peninsula remains sparse. This 
study aims to assess how specific environmental factors 
in coastal waters across various regions of the Korean 
Peninsula, particularly during the winter of 2021, affected 
phytoplankton and bacterial communities, with the objective 
of gathering foundational data.

2 � Materials and Methods

2.1 � Field Sampling

Field sampling was conducted at eight stations in the Yellow 
Sea (Y1–Y8), eight stations in the South Sea (S1–S8), and 
seven stations in the East Sea (E1–E7) along the Korean 
coastal waters (KCWs) in February 2021 (Fig. 1). In situ 
measurements of water quality parameters, including 
temperature, salinity, pH, and dissolved oxygen (DO), were 
performed at the surface water using YSI EXO2 Sonde 
probes (Yellow Springs, USA). Samples of surface water 
were collected with a bucket at all stations. For chlorophyll 
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a (Chl. a) measurements, the collected 300 mL of surface 
water was filtered immediately through a 47 mm diameter 
GF/F filter with a pore size of 0.7 µm (Whatman, U.K.), 
and processed on-site. The filtrates were transferred to acid-
cleaned 15-mL conical tubes (SPL Life Sciences, Korea), 
and HgCl2 was added to a final concentration of 0.1% to 
inhibit biological activity. Both filters and filtrates were 
stored at − 20 °C in the dark until laboratory analysis. For 
the analyses of bacterial community, 300 mL of surface 
water was passed through polycarbonate membrane filters 
(pore size: 0.22 µm, filter diameter: 47 mm; Millipore, 
USA), and these filters were similarly stored at − 20 °C in 
the dark. Phytoplankton samples, consisting of 500 mL of 
surface water, were preserved immediately in polyethylene 
bottles with Lugol's solution at a final concentration of 3% 
and stored at room temperature in the dark until analysis 
(Sournia 1978).

2.2 � Chl. a and Nutrients

For laboratory analysis of field samples, the concentration 
of Chl. a (µg L–1) was determined using a Turner 10-AU 
Fluorometer (Turner BioSystems, USA). Prior to analysis, 

the filtered material was extracted with 90% acetone and 
stored in dark and cold (4 °C) conditions for 24 h. The 
concentrations of dissolved inorganic nutrients (ammonium, 
nitrate + nitrite, phosphate, and silicate) were measured 
using a flow injection auto-analyzer Quattro 39 (Seal 
Analytical, U.K.), calibrated using Reference Materials for 
Nutrients in Seawater (RMNS; KANSO Technos Co., Ltd., 
Japan).

2.3 � Phytoplankton Community

To count and identify phytoplankton, each Lugol's-fixed 
sample (500  mL) was concentrated to approximately 
50 mL by decanting the supernatant and storing it at room 
temperature. These sub-samples were allowed to settle 
for 10 min, after which 100 to 400 µL was transferred 
into a Sedgewick-Rafter Chamber. Phytoplankton cells 
were identified and counted using light microscopy at 
magnifications of 200 × or 400 × .

Fig. 1   Map of study area with sampling stations (white circles: 
sampling only phytoplankton, red semicircles: sampling both phy-
toplankton and bacteria) and the ocean currents (red arrows: warm 
currents, blue arrows: cold currents), including Tsushima warm cur-

rent (TWC), Jeju warm current (JWC), East Korean warm current 
(EKWC), West Korean current (WKC), China cold current (CCC), 
North Korean cold current (NKCC)
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2.4 � Bacterial Community

Species- and genus-level identification was performed for 
morphologically distinct species. For genetic analysis of 
the bacterial community, the filters were cut into pieces 
prior to extraction of genomic DNA (gDNA) using the 
DNeasy Plant Mini Kit (Qiagen, USA). The extracted 
gDNA was quantified using Quant-IT PicoGreen 
(Invitrogen, USA). A sequencing library was prepared 
using the Illumina Metagenomic Sequencing Library 
protocols to amplify the V3 and V4 hypervariable 
regions of the bacterial 16S ribosomal RNA (rRNA) 
gene. The input gDNA (2 ng) was PCR-amplified using 
5 × reaction buffer, 1 mM of dNTP mix, and 500 nM each 
of the universal Illumina tagged forward and reverse PCR 
primers (Herlemann et al. 2011) (341F: 5′-T C G TCG​
GCA​GCGTC -AGA​TGT​GTA​TAA​GAG​ACA​G-CCT​ACG​
GGNGGC​WGC​AG-3′; 805R: 5′-GTC​TCG​TGG​GCT​
CGG-AGA​TGT​GTA​TAA​GAG​ACA​G-GAC​TAC​HVGGG​
TAT​CTA​ATC​C-3′. The underlined sequences indicate 
the target region primer), and Herculase II fusion DNA 
polymerase (Agilent Technologies, USA). The first PCR 
protocol took 3 min at 95 °C for heat activation; 25 cycles 
of 30 s at 95 °C, 30 s at 55 °C, and 30 s at 72 °C; and 
a 5 min final extension at 72 °C. The first PCR product 
was purified using AMPure beads (Agencourt Bioscience, 
USA). Following purification, 2 μL of this product was 
amplified for final library construction containing the 
index using NexteraXT Indexed Primer. The protocol 
for the second PCR was the same as for the first PCR; 
however, there were 10 (rather than 25) amplification 
cycles. The PCR product was purified using AMPure 
beads, and was quantified using qPCR in accordance 
with the qPCR Quantification Protocol Guide (KAPA 
Library Quantification kits for Illumina Sequencing 
platforms). Quality was assessed using the TapeStation 
D1000 ScreenTape (Agilent Technologies, Germany). 
Paired-end sequencing (2 × 300 bp) was performed by 
Macrogen using the MiSeq™ platform (Illumina, USA). 
Sequencing adaptors and barcodes were removed using 
Cutadapt (Martin 2011). To correct errors in amplicon 
sequencing, the reads were filtered based on quality scores 
and trimmed using the DADA2 package version 1.18.0 
(Callahan et al. 2016) in R software version 4.0.3. Forward 
and reverse reads were truncated at 250 bp and 200 bp, 
respectively, and then filtered to remove any reads with 
an expected error rate of two or more. After the merging 
of paired-end reads and the correction of sequencing 
errors, PCR chimera sequences were removed using the 
consensus method of DADA2 to infer amplicon sequence 
variants (ASVs). Each ASV was aligned with the most 
similar organism in the NCBI_16S Reference Database 
using algorithms such as BLAST. QIIME (v1.9.0) was 

employed for downstream ASV analysis. All ASVs 
associated with Archaea, mitochondria, or chloroplasts 
were excluded from the dataset. Alpha diversity metrics, 
such as the Shannon Index and Gini-Simpson Index, were 
calculated to assess species complexity within individual 
samples.

2.5 � Statistical Analysis

Variations in phytoplankton abundance, environmental 
factors, and nutrient concentrations across KCWs including 
the Yellow Sea, South Sea, and East Sea did not consistently 
meet the assumptions regarding normality and equality 
of variances required for one-way analysis of variance 
(ANOVA). Therefore, the non-parametric Kruskal–Wallis 
test was applied, followed by the Mann–Whitney U test for 
post hoc pairwise comparisons, with a Bonferroni correction 
set at p = 0.017 (equivalent to p < 0.05/3), using SPSS 
version 25 (Chicago, USA). To investigate the correlation 
coefficients between environmental factors (temperature, 
salinity, DO, pH, Chl. a) and nutrient concentrations 
(nitrite + nitrate, ammonium, phosphate, silicate) in these 
waters, a non-parametric Spearman correlation analysis was 
conducted using the 'PerformanceAnalytics' package in R 
version 4.2.1. Additionally, principal component analysis 
(PCA) was applied to explore the associations among 
predominant phytoplankton (maximum composition > 40%), 
bacteria (maximum composition > 20%), environmental 
factors, and nutrient concentrations, and also performed 
in R to identify the variables exerting the most significant 
influences at different stations in KCWs.

3 � Results

3.1 � Environmental Factors

During the winter, surface water temperatures ranged from 
2.1 °C (St. Y1) to 12.4 °C (St. E8), showing significant 
regional variations (Fig. 2a). Water temperatures in the 
Yellow Sea (St. Y1 − Y7) were consistently lower than 
those at the southeastern sites of the Korean peninsula 
(Kruskal–Wallis test; p < 0.05) (Fig. 2b). Surface salinity 
was notably lower at St. Y1 (30.8, near the Inchon Domestic 
Port) and St. Y2 (29.6, near the Anseong Stream), and higher 
at St. E2 (35.1) (Fig. 2c). Overall, salinity levels in the Yel-
low Sea were generally lower than those in the South Sea 
and East Sea (Kruskal–Wallis test; p < 0.05; Fig. 2d). The pH 
of surface water varied from 8.09 (St. Y1) to 8.55 (St. E5) 
(Fig. 2e), with surface pH values in the Yellow Sea slightly 
lower than those in the East Sea (Kruskal–Wallis test; 
p < 0.05; Fig. 2f). Dissolved oxygen (DO) concentrations 
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ranged from 7.5 mg L–1 (St. E8) to 14.08 mg L–1 (St. Y2) 
(Fig. 2g), with significant differences observed, particularly 
with lower DO levels in the East Sea compared to the Yellow 
Sea (Kruskal–Wallis test; p < 0.05; Fig. 2h). In summary, 
water temperature, salinity, and pH levels were generally 
higher in the East Sea compared to the Yellow Sea, while 
the DO levels were higher in the Yellow Sea.

Figure  3 illustrates the concentrations of dissolved 
inorganic nutrients in surface water across various 
sites. Silicate concentrations ranged from 0.8 μM (St. 

S3) to 20.3 μM (St. E3) (Fig. 3a). The mean concentra-
tion of silicate in the East Sea was significantly higher 
at 15.0 ± 4.5 μM compared to the South Sea, where it 
averaged 5.6 ± 4.0 μM (p < 0.05; Fig. 3b). The highest 
concentration of nitrate + nitrite was observed at St. Y8 
(23.2 μM), and the lowest at St. S3 (0.8 μM) (Fig. 3c). 
The mean concentration of nitrate + nitrite in the Yellow 
Sea was 15.7 ± 6.6 μM, surpassing values in the East Sea 
and South Sea (Kruskal–Wallis test; p < 0.05; Fig. 3d) sig-
nificantly. Ammonium concentrations were notably higher 
in the Yellow Sea compared to those in the East Sea and 

Fig. 2   Values of environmental factors at each stations (left) and 
boxplots (right) in the three Korean coastal regions (Yellow Sea; YS, 
South Sea; YS, and East Sea; ES), including temperature (a and b), 

salinity (c and d), pH (e and f), dissolved oxygen (DO; g and h). The 
red dashed line indicates the means, and letters denote significant dif-
ferences (p < 0.05; Kruskal-Wallis test)
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South Sea (p < 0.05; Figs. 3e and f). Phosphate concentra-
tions ranged from 0.03 μM (St. Y2) to 0.8 μM (St. E4), 
with significant differences noted, particularly with higher 
levels in the East Sea compared to the South Sea (p < 0.05; 
Figs. 3g and 3h).

3.2 � Biological Factors and Phytoplankton 
Community

Figure 4a shows the spatial variations in concentrations 
of Chl. a at each station and the differences among 
geographical regions. The highest concentration of 

Chl. a was recorded in the Yellow Sea (3.7 µg L–1 
at St. Y2), with an average concentration of 1.2 µg 
L–1. In contrast, most stations in the East Sea reported 
Chl. a concentrations below 0.3 µg L–1 (Fig.  4a). 
The mean concentration in the Yellow Sea was 
significantly higher compared to that in the East Sea 
(Kruskal-Wallis test; p < 0.05; Fig. 4b). The average 
phytoplankton abundance was significantly higher 
in the South Sea (0.9 × 105 cells L–1) compared to 
the East Sea (0.2 × 105 cells L–1), while notably high 
abundance at St. Y2 (5.6 × 105 cells L–1) in the Yellow 
Sea (average: 1.0 × 105 cells L–1) (Fig. 4c and d).

Fig. 3   Concentrations of nutrient at each stations (left) and box-
plots (right) in the three Korean coastal regions (Yellow Sea; YS, 
South Sea; SS, and East Sea; ES), including silicate (a and b), 

nitrate+nitrite (c and d), ammonium (e and f), and phosphate (g and 
h). The red dashed line indicates the means, and letters denote signifi-
cant differences (p < 0.05; Kruskal-Wallis test)



Ocean Science Journal           (2024) 59:48 	 Page 7 of 16     48 

Common diatom species across the Yellow Sea, South 
Sea, and East Sea included Cylindrotheca closterium, 
Nitzschia longissima, Thalassionema nitzschioides, 
and Thalassiosira spp. (Fig.  4b). Thalassiosira 
rotula was particularly dominant in the Yellow Sea, 

peaking at high densities at St. Y2 (4.4 × 105 cells L–1, 
79%). Chaetoceros pseudocurvisetus and Eucampia 
zodiacus maintained high densities at St. S3 (1.1 × 
105 cells L–1, 46%) and St. S4 (1.2 × 105 cells L–1, 
55%), respectively. Paralia sulcata exhibited high 

Fig. 4   Concentrations of chlorophyll a and total phytoplankton 
abundance (a), and relative abundance of phytoplankton community 
(b), and venn diagram for species numbers appearance phytoplank-

ton species (c) in the three Korean coastal regions (Yellow Sea; YS, 
South Sea; SS, and East Sea; ES)
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relative compositions at St. E7 and E8 (mean 56%). 
The dinoflagellate Prorocentrum minimum and 
Heterocapsa niei showed high relative compositions 
at St. Y8 (17%) and St. E3 (23%), respectively. 
Cryptomonas spp. had a high composition of over 55% 
at St. Y7, Y8 of Yellow Sea, St. S5 of the South Sea, 
and St. E1–E5 of the East Sea.
A total of 33 phytoplankton species were identified in 
the South Sea, 24 species in the Yellow Sea, and 15 
species in the East Sea (Fig. 4c). Notably, 13 species 
were unique to the South Sea, accounting for 30% of 
the total phytoplankton community. The Yellow Sea 
and East Sea hosted 6 and 3 unique species, making up 
14% and 7% of their respective total communities. Six 
species were common across all samples, constituting 
14% of the entire community.

3.3 � Bacterial Community

In the analyses of bacterial community, Alphaproteobacteria 
were found to be the dominant class with 37 ± 10%, followed 
by Flavobacteriia at 25 ± 12% (Fig. 5a). At the order level, 
Rhodobacterales accounted for 31 ± 9% and Flavobacteri-
ales for 26 ± 12% of the community composition (Fig. 5b). 
Notably, at Station Y2, Rhodobacterales and Flavobacte-
riales constituted 99% of the community, while at Station 
S4, including Verrucomicrobiales, three bacterial orders 
accounted for 96% of the community. Within the order Rho-
dobacterales, the genus Sulfitobacter comprised 16 ± 12% in 
the Yellow Sea, 12 ± 6% in the South Sea, and 2 ± 9% in the 
East Sea, peaking at 34% at Station Y2. Similarly, the genus 
Polaribacter, within the order Flavobacteriales, represented 
13 ± 17% in the Yellow Sea, 10 ± 10% in the South Sea, and 
6 ± 2% in the East Sea, with a dominance of 43% at Station 
Y2 (Fig. 5c). At Station S4, the genus Oceaniferula within 
the order Verrucomicrobiaceae dominated uniquely, com-
prising 57% of the community.

Diversity indices of bacterial community were also 
calculated, with the Shannon Index being 5.6 ± 1.6 for the 
Yellow Sea, 5.1 ± 1.1 for the South Sea, and 6.2 ± 1.1 for the 
East Sea. The Gini-Simpson Index was 0.92 ± 0.09 for the 
Yellow Sea, 0.88 ± 0.12 for the South Sea, and 0.95 ± 0.03 
for the East Sea (Table 1). The lowest diversity within 
bacterial communities was observed at Station Y2 and 
Station S4, both recording an ASV of 88, a Shannon Index 
of 2.9, and a Gini-Simpson Index of 0.8.

3.4 � Relationship between Abiotic and Biotic 
Parameters

The levels of DO exhibited significant negative correla-
tions with water temperature (− 0.87; p < 0.001) and salin-
ity (r =  − 0.75, p < 0.001), while DO showed a positive 

correlation with Chl. a (r = 0.76, p < 0.001) (Fig. 6). In addi-
tion, Chl. a showed a positive correlation with concentration 
of ammonium (r = 0.43, p < 0.05) and negative correlations 
with phosphate (r =  − 0.55, p < 0.01) and silicate (r =  − 0.54, 
p < 0.01) concentrations. There was no correlation between 
salinity and nutrients including nitrate + nitrite, phosphate, 
and silicate.

According to our PCA results, both diatoms C. pseudo-
curvisetus and E. zodiacus showed a negative correlation 
with nutrients, such as nitrate + nitrite, silicate, and phos-
phate (Fig. 7). Another diatom T. rotula exhibited a positive 
correlation with bacterial genus Polaribacter and Sulfito-
bacter. In addition, the diatom P. sulcata showed a positive 
correlation with nutrients and a negative correlation with 
bacterial genus Oceaniferula.

From a broader perspective beyond the sampling sta-
tions, we used satellite image data to investigate sea surface 
temperature (SST), ocean currents, and Chl. a during the 
field survey (Fig. 8). Consistent with our findings, the SST 
was the highest in the East Sea, followed by the South Sea, 
and then the Yellow Sea. Conversely, Chl. a concentrations 
were the highest in the Yellow Sea, followed by the South 
Sea, and then the East Sea. Additionally, a front between the 
North Korean Cold Current (NKCC) and the East Korean 
Warm Current (EKWC) was observed near 37° N in the 
East Sea.

4 � Discussion

During the winter survey, the water temperature in the Yel-
low Sea was notably lower compared to temperatures in the 
South Sea and East Sea. The shallow depth and significant 
tidal range of the Yellow Sea play a major role in ampli-
fying the cooling effect of low atmospheric temperatures 
during winter. In contrast, the South Sea and East Sea are 
influenced by ocean currents, particularly the Jeju Warm 
Current (JWC) and the Tsushima Warm Current (TWC) 
(Fig. 1), both branches of the Kuroshio Current character-
ized by high temperatures and salinity (Kim and Yoon 1999; 
Lie and Cho 2016). In our observations, we found higher 
water temperatures along the East Sea coast, influenced by 
the East Korea Warm Current (EKWC). Interestingly, there 
was a significant temperature difference of around 5 °C 
between E1 and E3 despite the relatively short geographi-
cal distance. This difference is confirmed in satellite imagery 
data, where the North Korean Cold Current (NKCC) inter-
acts with the East Korean Warm Current near 37° N, result-
ing in the formation of a distinct subpolar front around 
36–38°N (Fig. 8). Isoda and Saitoh (1993) and Mitchell 
et al. (2005) also demonstrated that a subpolar front exists 
between the warm water mass of the EKWC and the cold 
water mass from the NKCC, which is similar to our findings. 
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Fig. 5   Relative abundance of the bacterial community at each station by class (a), order (b), and genus (c) level at 11 stations
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On the other hand, the Yellow Sea was characterized by 
high concentrations (11 ± 1.2 mg L–1) of dissolved oxygen 
(DO) along with low temperatures, compared to the South 
Sea (10 ± 1.3 mg L–1) and the East Sea (9 ± 1.0 mg L–1). 
In addition, DO levels have a strong negative correlation 
with water temperature (r =  − 0.87; p < 0.001) and salinity 
(r =  − 0.75, p < 0.001), while DO showed a positive corre-
lation with Chl. a (r = 0.76; p < 0.001) (Fig. 6), indicating 
their close relationship in the Yellow Sea. Together with 
these findings, abiotic factors including water temperature 
and DO, influenced by geographical characteristics, such 
as currents, water depth, and tides, particularly affect water 
temperature and DO levels in winter, with phytoplankton 
further influencing DO. Conversely, these characteristics of 
the region-specific coastal environment have a significant 
impact on the changes of phytoplankton and bacteria com-
munities, as described below.

In temperate waters, including Korea, winter experiences 
low rainfall, while summer sees high rainfall (Baek et al. 
2015, 2019; Lee et al. 2018), leading to higher salinity 
in winter and lower salinity in summer, especially in the 
coastal areas of the Yellow Sea and South Sea, influenced 
by the inflow of water from major rivers, such as Han 
River, Geum River, Yeongsan River, Seomjin River, 
and Nakdong River (Figs. 1 and 2). According to Ocean 
Predictability Experiment for Marine environment (OPEM) 
by Yoon et al. 2022, there were clear differences in salinity 
among the regions, with the lowest salinity observed in 
the Yellow Sea compared to the East Sea and South Sea 
during summer. Similarly, in the present study, salinity in 
the Yellow Sea was found to be significantly lower even 
in winter compared to the other two regions (p < 0.05), 
particularly at St. Y2, which is related to the influx of 

freshwater from the Anseong Stream. The shallow depth of 
the Yellow Sea amplifies the impact of freshwater influx, and 
this influx of terrestrial runoff is possibly related to the high 
concentrations of nutrients and Chl. a. On the other hand, 
both the South Sea, being influenced by the JWC, and the 
East Sea, being influenced by the EKWC originating from 
the Kuroshio Warm Current, had relatively high salinity and 
temperature levels. Nutrient concentrations in the South Sea 
were lower compared to the East Sea, which has little river 
influence (Chang et al. 2004; Kim and Yoon 2010), except 
for ammonium (p < 0.01). Interestingly, the South Sea has 
maintained a relatively high Chl. a level, while the East 
Sea has extremely low Chl. a (p < 0.001). The imbalance in 
nutrient and Chl. a concentrations in the two regions appears 
to be related to consumption by phytoplankton growth, 
while the high ammonium levels in the South Sea may be 
evidence of regeneration from the dead phytoplankton. 
Despite the high nutrient concentrations in the East Sea, 
the very low Chl. a concentrations observed in the East Sea 
through field survey data (mean: 0.13 µg L–1) and satellite 
imagery data indicate minimal phytoplankton consumption 
(Fig. 8). Based on the field data we collected and satellite 
imagery data, we hypothesized that the shallow depths of the 
Yellow Sea region would play a significant role in supplying 
resting diatom spores from sediment through winter mixing, 
thereby contributing to the seed population in the euphotic 
layer. Diatom resting spores have thick siliceous frustules 
with diverse ornamentations, and they can germinate under 
favorable conditions even in the winter season (Ishii et al. 
2011; Montresor et al. 2013). The deeper oceanic waters 
in the East Sea result in a less efficient supply of sediment-
derived seeds to the upper euphotic layer, leading to the 
maintenance of high nutrient levels associated with low 
density of phytoplankton population in winter.

It is well known that large diurnal differences in tidal 
range in coastal waters of the Yellow Sea have resulted in 
rapid water mixing and relatively short residence times, 
leading to the dominance of diatoms throughout all seasons 
(Estrada and Berdalet 1997; Oh and Koh 1995). During 
winter, the South Sea also experiences high nutrient 
concentrations due to the influence of vertical mixing, 
leading to a dominance of diatoms (Jang et al. 2013; Baek 
et al. 2015; Lee et al. 2018). However, during summer when 
surface nutrients are depleted by stratification, blooms of 
harmful dinoflagellates tend to occur using their manner 
of vertical behavior (Baek et al. 2019; Lim et al. 2021, 
2022). Additionally, the East Sea has a lower phytoplankton 
biomass compared to the Yellow Sea and the South Sea 
due to the various influences described above (Yoon et al. 
2022; Jang et al. 2023). Six endemic species were identified 
in the Yellow Sea (YS), thirteen endemic species in the 
South Sea (SS), and three endemic species in the East Sea 
(ES). The YS has fewer endemic species possibly due to 

Table 1   Values of number of amplicon sequence variants (ASVs), 
Shannon index, and Gini-Simpson index in bacterial communities at 
different stations in the three Korean coastal waters (YS = Yellow 
Sea, SS = South Sea, ES = East Sea)

Regions Stations ASVs Shannon index Gini-
Simpson 
index

YS Y1 384 6.0 1.0
Y2 88 2.9 0.8
Y3 381 6.6 1.0
Y5 580 7.1 1.0

SS S3 210 5.7 1.0
S4 213 3.2 0.7
S5 296 5.6 0.9
S6 436 5.8 0.9

ES E1 581 7.7 1.0
E3 307 6.0 1.0
E7 285 5.0 0.9
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significant environmental changes. The ES also has a low 
number of endemic species, which can be attributed to a 
reduced seed population. In contrast, the SS supports the 
highest number of endemic species, presumably due to 
moderate environmental changes and an adequate supply 
of seed populations. Interestingly, the number of shared 
species between adjacent regions, YS-SS and SS-ES, was 
10 species and 4 species, respectively, which is relatively 
higher than the number of shared species between non-
adjacent regions, YS-ES, which was 2 species. Only six 
species, representing 14%, were commonly found in the 
three geographical regions. These findings suggest that 
environmental characteristics influence the communities of 
phytoplankton in these regions.

Phytoplankton communities can change over time 
in response to biological, physical, and chemical 
environmental factors. It is well known that the genus 
Chaetoceros is a cosmopolitan species and sometimes 
forms dense blooms in coastal waters (Malviya et  al. 
2016), making a significant contribution to phytoplankton 
communities worldwide (Suzuki and Takahashi 1995). 
According to Kuwata and Tkahashi (1990), Chaetoceros 
pseudocurvisetus is well adapted to the warm conditions of 
temperate waters. On the other hand, C. pseudocurvisetus 
isolated from cold water environments can survive 
even in a wide temperature range between 10 and 30 °C 
(Suzuski and Takahashi 1995; Vrana et al. 2023). In the 
present study, diatoms C. pseudocurvisetus at St. S3 and 

Fig. 6   Correlation analysis for non-parametric Spearman correlation coefficients (upper layer) and linear regression (lower layer) among envi-
ronmental factors in the entire coastal regions
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Fig. 7   Principal component 
analysis of stations in the Yel-
low Sea (blue circles), South 
Sea (orange squares), and East 
Sea (green triangles), showing 
the relationships of environmen-
tal factors (green arrows) with 
microalgae species (red arrows) 
and bacteria (blue arrows)

Fig. 8   Satellite image data provided by Japan Aerospace Exploration Agency (JAXA) at the time of the field survey. The data includes sea sur-
face temperature (℃), ocean currents (a and b), and Chlorophyll a (c and d)
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Eucampia zodiacus at St. S4 were dominant, influenced 
by the relatively low salinity of the estuarine areas and 
low temperature. Baek et al. (2015, 2019) demonstrated 
that blooms of C. pseudocurvisetus and E. zodiacus had 
occurred in winter and spring in the South Sea, and that 
they can grow favorably even in low temperatures. E. 
zodiacus is distributed globally and sometimes forms 
dense blooms in Tokyo Bay (Yoshida et  al. 2011), 
Harimanada (Nishikawa et al. 2007), the Ariake Sea (Ito 
et al. 2013), and the Bay of Fundy in Canada (Martin et al. 
2007). In particular, E. zodiacus has a strong tendency to 
grow under conditions of high nutrients and low water 
temperatures (Nishikawa et al. 2007; Baek et al. 2015). 
Based on the PCA analysis, abundance of both diatoms 
C. pseudocurvisetus and E. zodiacus showed a negative 
correlation with nutrients, such as nitrate + nitrite, silicate, 
and phosphate, suggesting that these nutrients were 
consumed during their population growth. Therefore, our 
findings imply that these physiological characteristics 
of diatoms, C. pseudocurvisetus and E. zodiacus, serve 
as an advantage over other phytoplankton species under 
low temperatures and high nutrient levels associated with 
winter, resulting in their dominance.

Diatom Thalassiosira rotula is known to grow particularly 
well in low-temperature environments during winter in 
temperate regions (Sin et al. 2015; Mönnich et al. 2020). 
In the present study, T. rotula was observed at most stations 
in the Yellow Sea, notably reaching a peak of 4.40 × 105 
cells L−1 (79%) at St. Y2. As mentioned, significantly low 
temperature (2 °C) and low salinity (29.5) were observed 
this area. In addition, concentrations of nutrients, such 
as silicate, nitrate + nitrite, and phosphate, remained at 
approximately one-tenth of those at neighboring stations Y1 
and Y3. In addition, no correlation was observed between 
abundance of T. rotula and nutrient levels in PCA analysis. 
According to Sin et al. (2015), the peak of T. rotula during 
winter is attributed to the high nutrient input following the 
low salinity after freshwater discharge. Therefore, these 
findings suggest that T. rotula may utilize nutrients for its 
growth. This capability allows it to potentially become a 
dominant species in the Yellow Sea during winter, where 
the influence of freshwater inflow is relatively significant.

The diatom Paralia sulcata, known as a benthic species, 
exhibits planktonic behavior occasionally in regions with 
active water mixing and sediment resuspension, which can 
be particularly active in the whole water mixing periods 
of winter compared to other seasons (Chen et al. 2014). 
Indeed, P. sulcata is abundant in modern coastal and shallow 
marine areas of the Yellow Sea when significant differences 
in tidal currents occur (Tanimura et al. 2002; Chen et al. 
2014). Similarly, in the present study, a high abundance of 
P. sulcata was observed at St. Y3, Y4, Y5, and Y6 in the 
Yellow Sea and at St. E7 and E8 in the East Sea. According 

to the results of our PCA, there was a positive correlation 
with nutrients and the target P. sulcata, implying that the 
benthic diatom thrives in high-nutrient environments 
formed by water mixing. In particular, P. sulcata forms 
chains, and these chains are robust and resistant to breakage, 
implying that they can adapt to regions with water mixing 
and sediment resuspension related to high tidal currents. 
Therefore, due to these characteristics, P. sulcata has an 
advantage over other algal species in the turbid conditions of 
resuspension regions and can adapt flexibly to high nutrients 
through sediment resuspension.

Marshall and Lacouture (1986) reported seasonal 
fluctuations in the biomass of Cryptomonas spp. in the 
Lower Chesapeake Bay, with higher biomass in the summer 
and fall and lower biomass in the winter. In addition, 
Cryptomonas spp. are characterized by opportunistic 
dominance in nutrient-limited conditions in environments 
with relatively few competitors (Klaveness 1989; Baek et al. 
2019; Baek et al. 2023). In the present study, Cryptomonas 
spp. tended to be relatively dominant in environments with 
low concentrations of Chl. A averaging 0.3 µg L–1 or less, 
and fewer competing diatoms, which was similar to the 
results observed in the East Sea, as reported by Baek et al. 
(2023). Therefore, these results imply that Cryptomonas spp. 
are well adapted to low water temperature conditions, and 
the absence of diatoms along the Korean coasts in winter is 
favorable for the growth of Cryptomonas spp. Population, 
particularly in the East Sea.

Bacteria and phytoplankton contribute to carbon cycling 
and biodiversity within marine ecosystems through their 
interactions (Buchan et al. 2014). Microalgae and bacteria 
are partners that interact closely, with species-specific 
bacterial communities comprising phytoplankton (Caruso 
2020; Seymour et  al. 2017). In marine microalgae, the 
bacterial classes Alphaproteobacteria and Flavobacteria are 
generally known to be major members of the phycosphere, a 
particle-associated bacterial community (Teeling et al. 2016; 
Grossart et al. 2005). In this study, the high composition 
of both bacterial classes in the coastal waters of Korea in 
winter, at over 60%, indicates a close relationship with 
phytoplankton. Another interesting finding in our study 
was the decrease in bacterial community diversity with 
phytoplankton dominance. At St. Y2 in the Yellow Sea, 
when the diatom T. rotula dominated at 79%, bacterial 
diversity was found to be the lowest with the genus 
Polaribacter and Sulfitobacter comprising 77% of the total 
bacterial community. The genus Polaribacter, belonging to 
the order Flavobacteriales, has been reported to exhibit a 
positive response to algal blooms in polar regions, possibly 
due to its capability to utilize algal exudates (Williams et al. 
2013). Another dominant bacterium, the genus Sulfitobacter, 
from the order Rhodobacterales, is known to rapidly utilize 
dissolved organic matter (DOM; especially organic sulfide) 
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released by diatoms for growth and has been reported to 
enhance diatom growth. Indeed, Mönnich et  al. (2020) 
reported Sulfitobacter as a major constituent of the bacterial 
community associated with T. rotula. Thus, the high biomass 
of the diatom T. rotula in the low-temperature environment 
at St. Y2 possibly led to the dominance of these two bacteria. 
Similar to previous reports (Baek et al. 2015), the diatom E. 
zodiacus was dominant at the S4 station, heavily influenced 
by the Seomjin River estuary, and the brackish emergent 
groups such as bacteria Verrucomicrobiae (Freitas et al. 
2012) were dominant, resulting in low biological diversity. 
Except for the stations where specific phytoplankton species 
was dominant, the bacterial biodiversity in the three seas 
showed no significant differences (Table 1). Consequently, 
our findings suggest that low water temperatures in winter 
and the dominance of certain phytoplankton may alter 
bacterial communities, leading to reduced diversity of the 
bacterial communities.

5 � Summaries and Conclusion

Our field data highlighted the significant influence of 
different marine environments on phytoplankton and 
bacterial communities in the Korean coastal waters of the 
Yellow Sea, South Sea, and East Sea in winter 2021. The 
differences of oceanographic characteristics, such as water 
depth, tidal range, and ocean currents, in these three regions 
led to significant differences in environmental factors 
including water temperature, salinity, and nutrient levels. 
The strong tidal mixing in the shallow Yellow Sea caused 
low water temperature and high nutrient levels, resulting in 
dominance of diatoms including Thalassiosira rotula and 
Paralia sulcata. Conversely, the weak vertical mixing of the 
East Sea due to its great depth and warm currents led to low 
phytoplankton biomass, with dominance of Cryptomonas 
spp. instead of diatoms, indicating low seed populations 
of diatoms. The South Sea, an intermediate environment 
between the other two seas with tidal mixing and nutrient 
supply, was dominated by diatoms, such as Chaetoceros 
pseudocurvisetus and Eucampia zodiacus. In addition, we 
found that the dominance of specific phytoplankton species 
was correlated to the dominance of specific bacteria and 
decrease of bacterial biodiversity; for example, there is a 
high biomass of T. rotula and bacteria Polaribacter and 
Sulfitobacter with significantly low biodiversity. These 
findings underscore the complex interactions between 
environmental factors, phytoplankton communities, and 
bacterial populations in KCWs during winter. Overall, these 
region-specific characteristics of coastal environments in 
KCWs play an important role in determining the dynamics 
of phytoplankton and bacteria population in winter.

Acknowledgements  This research was supported by grants from the 
Ministry of Food and Drug Safety (20163MFDS641) and from the 
Korea Institute of Ocean Science and Technology (PEA0205), Repub-
lic of Korea.

Author Contributions  Young Kyun Lim: Experiment; Writing 
original draft, Seongjin Hong: Validation; Writing- review; Funding 
acquisition, Chung Hyeon Lee: Visualization, Mungi Kim; Field 
works; Formal analysis, Seung Ho Baek: Conceptualization; Field 
works; Experiment; Writing original draft; Conceptualization; Funding 
acquisition; Writing-review & editing; Validation.

Data Availability  The raw data supporting the conclusions of this article 
will be made available by the authors, without undue reservation, to 
any qualified researcher.

Declarations 

Conflict of interest  The authors declare that they have no known com-
peting financial interests or personal relationships that could have in-
fluenced the work reported in this paper. Seung Ho Baek is an editor 
of Ocean Science Journal.

References

Baek SH, Kim DS, Son MH, Yun SM, Kim YO (2015) Seasonal distri-
bution of phytoplankton assemblages and nutrient enriched bioas-
says as indicators of nutrient limitation of phytoplankton growth 
in Gwangyang Bay, Korea. Estuar Coast Shelf Sci 163:265–278

Baek SH, Lee M, Park BS, Lim YK (2020) Variation in phytoplankton 
community due to an autumn typhoon and winter water turbulence 
in southern Korean coastal waters. Sustainability 12:2781

Baek SH, Shimode S, Kim HC, Han MS, Kikuchi T (2009) Strong 
bottom-up effects on phytoplankton community caused by a rain-
fall during spring and summer in Sagami Bay, Japan. J Mar Syst 
75:253–264

Baek SH, Lee M, Lee CH, Park CH, Kim YB, Kang JH, Lim YK 
(2023) Impact of complex oceanographic features on seasonal 
phytoplankton community and biodiversity from 2018 to 2020 in 
the vicinity of Dokdo (Island), offshore Korea. Diversity 15:1166

Boyd PW, Trull TW (2007) Understanding the export of biogenic par-
ticles in oceanic waters: Is there consensus?. Prog in Oceanogr 
72:276–312

Buchan A, LeCleir GR, Gulvik CA, González JM (2014) Master recy-
clers: features and functions of bacteria associated with phyto-
plankton blooms. Nature Rev Microbio 12:686–698

Callahan BJ, McMurdie PJ, Rosen MJ, Han AW, Johnson AJA, Hol-
mes SP (2016) DADA2: High-resolution sample inference from 
Illumina amplicon data. Nat Method 13:581–583

Caruso G (2020) Microbial colonization in marine environments: Over-
view of current knowledge and emerging research topics. J Mar 
Sci Engin 8:78

Chang Y, Chan JW, Huang YCA, Lin WQ, Lee MA, Lee KT, Liao CH, 
Wang KY, Kuo YC (2014) Typhoon-enhanced upwelling and its 
influence on fishing activities in the southern East China Sea. Int 
J Remote Sens 35:6561–6572

Chang KI, Teague WJ, Lyu SJ, Perkins HT, Lee DK, Watts DR, Kim 
Y-B, Mitchell DA, Lee CM, Kim K (2004) Circulation and cur-
rents in the southwestern East/Japan Sea: Overview and review. 
Prog Oceanogr 61:105–156

Chen C, Zhang G, Chen M, Lan D, Lan B (2014) Diatom distribu-
tion in surface sediments from Chinese inshore waters and the 



Ocean Science Journal           (2024) 59:48 	 Page 15 of 16     48 

relationship to modern environmental variables. Chin J Oceanol 
Limnol 32:828–844

Cloern JE (2001) Our evolving conceptual model of the coastal 
eutrophication problem. Mar Ecol-Prog Ser 210:223–253

Estrada M, Berdalet E (1997) Phytoplankton in a turbulent world. Sci 
Mar 61:125–140

Freitas S, Hatosy S, Fuhrman JA, Huse SM, Mark DB, Sogin ML, 
Martiny AC (2012) Global distribution and diversity of marine 
Verrucomicrobia. ISME J 6:1499–1505

Grossart HP, Levold F, Allgaier M, Simon M, Brinkhoff T (2005) 
Marine diatom species harbour distinct bacterial communities. 
Environ Microbiol 7:860–873

Herlemann DP, Labrenz M, Jürgens K, Bertilsson S, Waniek JJ, 
Andersson AF (2011) Transitions in bacterial communities 
along the 2000 km salinity gradient of the Baltic Sea. ISME J 
5:1571–1579

Hung LM, Jian WJ, Song XY, Huang XP, Liu S, Qian PY, Yin KD, Wu 
M (2004) Species diversity and distribution for phytoplankton of 
the Pearl River Estuary during rainy and dry seasons. Mar Pollut 
Bull 49:588–596

Ki I, Iwataki M, Matsuoka K, Imai I (2011) Proposal of identification 
criteria for resting spores of Chaetoceros species (Bacillariophy-
ceae) from a temperate coastal sea. Phycologia 50:351–362

IsodaY SS (1993) The northward intruding eddy along the East coast 
of Korea. J Oceanogr 49:443–458

Ito Y, Katano T, Fujii N, Koriyama M, Yoshino K, Hayami Y (2013) 
Decreases in turbidity during neap tides initiate late winter blooms 
of Eucampia zodiacus in a macrotidal embayment. J Oceanogr 
69:467–479

Jang HK, Youn SH, Joo H, Kang JJ, Lee JH, Lee D, Jo N, Kim Y, 
Kim K, Kim MJ, Park S, Kim J, Kim J, Ahn SH, Lee SH (2023) 
First estimation of the annual biosynthetic calorie production by 
phytoplankton in the Yellow Sea, South Sea of Korea, East China 
Sea, and East Sea. Water 15:2489

Jang PG, Shin HH, Baek SH, Jang MC, Lee TS, Shin K (2013) Nutrient 
distribution and effects on phytoplankton assemblages in the west-
ern Korea/Tsushima Strait. New Zeal J Mar Freshw Res 47:21–37

Jin XS, Tang QS (1996) Changes in fish species diversity and dominant 
species composition in the Yellow Sea. Fisher Res 26:337–352

Kim CH, Yoon JH (1999) A numerical modeling of the upper and 
the intermediate layer circulation in the East Sea. J Oceanogr 
55:327–345

Kim J, Lee M, Lim YK, Kim YJ, Baek SH (2019) Occurrence char-
acteristics of harmful and non-harmful algal species related to 
coastal environments in the southern sea of Korea. Mar Freshw 
Res 70:794–806

Park BS, Kim JH, Kim JH, Gobler CJ, Baek SH, Han MS (2015) 
Dynamics of bacterial community structure during blooms of 
Cochlodinium polykrikoides (Gymnodiniales, Dinophyceae) in 
Korean coastal waters. Harmful Algae 48:44–54

Kim JW, Yeh SW, Chang EC (2014) Combined effect of El Niño-
Southern oscillation and pacific decadal oscillation on the East 
Asian winter monsoon. Clim Dyn 42:957–971

Kim T, Yoon JH (2010) Seasonal variation of upper layer circula-
tion in the northern part of the East/Japan Sea. Cont Shelf Res 
30:1283–1301

Klaveness D (1989) Biology and ecology of the crytophyceae: Status 
and challenges. Biolog Oceanogr 6:257–270

Kuwata A, Takahashi M (1990) Life-form population responses of 
a marine planktonic diatom, Chaetoceros pseudocurvisetus, 
to oligotrophication in regionally upwelled waters. Mar Biol 
107:503–512

Lee JY, Kang DJ, Kim IN, Rho TK, Lee TS, Kang CK, Kim KR (2009) 
Spatial and temporal variability in the pelagic ecosystem of the 
East Sea (Sea of Japan): a review. J Mar Syst 78:288–300

Lee M, Park BS, Baek SH (2018) Tidal influences on biotic and abiotic 
factors in the Seomjin River estuary and Gwangyang Bay, Korea. 
Estuaries Coast 41:1977–1993

Lee MO, Kim JK (2008) Characteristics of algal blooms in the southern 
coastal waters of Korea. Mar Environ Res 65:128–147

Lie HJ, Cho CH (2016) Seasonal circulation patterns of the Yellow and 
East China Seas derived from satellite-tracked drifter trajectories 
and hydrographic observations. Prog Oceanogr 146:121–141

Lim YK, Kim JH, Ro H, Baek S (2022) Thermotaxic diel vertical 
migration of the harmful dinoflagellate Cochlodinium (Margale-
fidinium) polykrikoides: Combined field and laboratory studies. 
Harmful Algae 118:102315

Lim YK, Park BS, Kim JH, Baek SS, Baek SH (2021) Effect of marine 
heatwaves on bloom formation of the harmful dinoflagellate 
Cochlodinium polykrikoides: Two sides of the same coin? Harm-
ful Algae 104:102029

Lu Y, Yuan J, Lu X, Su C, Zhang Y, Wang C, Cao X, Li Q, Su J, 
Ittekkot V, Garbutt RA, Bush S, Fletcher S, Wagey T, Kachur A, 
Sweijd N (2018) Major threats of pollution and climate change 
to global coastal ecosystems and enhanced management for sus-
tainability. Environ Pollut 239:670–680. https://​doi.​org/​10.​1016/j.​
envpol.​2018.​04.​016

Mallin MA, Paerl HW, Rudek J (1991) Seasonal phytoplankton com-
position, productivity, and biomass in the lower Neuse River Estu-
ary, North Carolina. Estuar Coast Shelf Sci 32:609–623

Malviya S, Scalco E, Audic S, Vincent F, Veluchamy A, Poulain J, 
Wincker P, Iudicone D, de Vargas C, Bittner L, Zingone A, Bowler 
C (2016) Insights into global diatom distribution and diversity in 
the world’s ocean. Proc Nat Acad Sci 113:E1516–E1525

Marshall HG, Lacouture R (1986) Seasonal patterns of growth and 
composition of phytoplankton in the lower Chesapeake Bay and 
Vicinity. Estuar Coast Shelf Sci 23:115–130

Martin JL, Hastey CD, LeGresley MM, Page FH (2007) Temporal 
and spatial characteristics of the diatom Eucampia zodiacus in 
the Western Isles of the Bay of Fundy. Can Tech Rep Fish Aquat 
Sci 2705:1–22

Martin M (2011) Cutadapt removes adapter sequences from high-
throughput sequencing reads. Embnet J 17:10–12

Mitchell DA, Watts DR, Wimbush M, Teague WJ, Tracey KL, Book 
JW, Chang KI, Suk MS, Yoon JH (2005) Upper circulation pat-
terns in the Ulleung Basin. Deep-Sea Res Pt II 12:1617–1638

Mönnich J, Tebben J, Bergemann J, Case R, Wohlrab S, Harder T 
(2020) Niche-based assembly of bacterial consortia on the dia-
tom Thalassiosira rotula is stable and reproducible. ISME J 
14:1614–1625

Montresor M, Prisco CD, Sarno D, Margiotta F, Zingone A (2013) 
Diversity and germination patterns of diatom resting stages at a 
coastal Mediterranean site Marina. Mar Ecol-Prog Ser 484:79–95

Nishikawa T, Hori Y, Tanida K, Imai I (2007) Population dynamics of 
the harmful diatom Eucampia zodiacus Ehrenberg causing bleach-
ings of Porphyra thalli in aquaculture in Harima-Nada, the Seto 
Inland Sea, Japan. Harmful Algae 6:763–773

Oh SH, Koh CH (1995) Distribution of diatoms in the surficial sedi-
ments of the Mangyung-Dongjin tidal flat, west coast of Korea 
(Eastern Yellow Sea). Mar Biol 122:487–496

Paerl HW, Rudek J, Mallin MA (1990) Stimulation of phytoplankton 
production in coastal waters by natural rainfall inputs: Nutritional 
and trophic implications. Mar Biol 107:247–254

Park BS, Lee M, Shin K, Baek SH (2020) Response of the bacterio-
plankton composition to inorganic nutrient loading and phyto-
plankton in southern Korean coastal waters: A mesocosm study. 
Mar Ecol 41:1–14

Seymour JR, Amin SA, Raina J-B, Stocker R (2017) Zooming in on the 
phycosphere: the ecological interface for phytoplankton-bacteria 
relationships. Nature Microb 2:17065

https://doi.org/10.1016/j.envpol.2018.04.016
https://doi.org/10.1016/j.envpol.2018.04.016


	 Ocean Science Journal           (2024) 59:48    48   Page 16 of 16

Sin Y, Lee E, Lee Y, Shin KH (2015) The river–estuarine continuum 
of nutrients and phytoplankton communities in an estuary physi-
cally divided by a sea dike. Estuar Coast Shelf Sci 163:279–289

Sournia A (1978) Phytoplankton manual: Monographs on oceano-
graphic methodology. UNESCO, Paris, p 337

Suzuki Y, Takahashi M (1995) Growth responses of several diatom 
species isolated from various environments to temperature. J Phy-
col 31:880–888

Tanimura Y, Shimada C, Haga M (2002) Migration of continental 
mixed waters preserved in abundance diatom species Paralia sul-
cata: Paleoceanography of the northeastern east China sea from 
the last glacial through the postglacial. Quat Res 41:85–93

Teeling H, Fuchs BM, Bennke CM, Krüger K, Chafee M, Kappelmann 
L (2016) Recurring patterns in bacterioplankton dynamics during 
coastal spring algae blooms. Life 5:11888

Thomas WH, Gibson CH (1990) Effects of small-scale turbulence on 
microalgae. J Appl Phycol 2:71–77

Vrana I, Gašparović B, Geček S, Godrijan J, Novak T, Kazazić SP, 
Mlakar M, Kužat N, Pfannkuchen M, Marić Pfannkuchen D 
(2023) Successful acclimation of marine diatoms Chaetoceros 
curvisetus/pseudocurvisetus to climate change. Limnol Oceanogr 
63:S158–S173

Williams TJ, Wilkins D, Long E, Evans F, DeMaere MZ, Raftery MJ, 
Cavicchioli R (2013) The role of planktonic Flavobacteria in pro-
cessing algal organic matter in coastal East Antarctica revealed 
using metagenomics and metaproteomics. Environ Microbiol 
15:1302–1317

Yoahida K, Chiba S, Ishimaru T (2011) Long-term variation in the 
wintertime diatom community structure in Tokyo Bay, Japan 
(1981–2000). Plankton Benthos Res 6:195–205

Yoon JN, Lee M, Jin H, Lim YK, Ro H, Park YG, Baek SH (2022) 
Summer distributional characteristics of surface phytoplankton 
related with multiple environmental variables in the Korean 
coastal waters. J Mar Sci Eng 10:850

Yoon JN, Lim YK, Hong S, Baek SH (2024) Use of mesocosm and 
field studies to assess the effects of nutrient levels on phytoplank-
ton population dynamics in Korean coastal waters. Front Mar Sci 
11:1253708

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Influence of Region-Specific Marine Environments on Phytoplankton and Bacterial Communities in the Korean Coastal Waters in Winter 2021
	Abstract
	1 Introduction
	2 Materials and Methods
	2.1 Field Sampling
	2.2 Chl. a and Nutrients
	2.3 Phytoplankton Community
	2.4 Bacterial Community
	2.5 Statistical Analysis

	3 Results
	3.1 Environmental Factors
	3.2 Biological Factors and Phytoplankton Community
	3.3 Bacterial Community
	3.4 Relationship between Abiotic and Biotic Parameters

	4 Discussion
	5 Summaries and Conclusion
	Acknowledgements 
	References


