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Abstract

To assess the spatiotemporal changes in phytoplankton community composition in relation to the
environment of Masan Bay, a semi-enclosed bay on the southern coast of Korea, photosynthetic pigments
and environmental variables were analyzed in seawater, every month between March and November
2010. The level of dissolved inorganic nutrients was highest between July and September when the
freshwater influx was at its peak, whereas chlorophyll a level was highest in April and August. Phosphate
concentration was low in April (average: 0.22 ± 0.17 μM), indicating the role of phosphate as a growthlimiting factor for phytoplankton. The results of pigment analysis indicate that dinoflagellate blooms
occurred under favorable conditions, where competition with diatoms occurred. Fucoxanthin- and
chlorophyll b-containing phytoplankton dominated the surface layer of Masan Bay from July to September.
The composition of phytoplankton community in Masan Bay changed dramatically each month according
to variations in the amount and composition of nutrients introduced through surface runoff.
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Pollutants released into Masan Bay mainly originate from
nearby streams and ocean outfalls or are released from bottom
sediments into water column. Cho and Chae (1998) reported that
pollution arising from the cities of Masan and Changwon accounts
for 80–90% of the total marine pollution load in Jinhae and Masan
Bay. The continuous discharge of pollutants into Masan Bay had
led to an oxygen-deficient bottom water mass in spring and
summer, with hypoxic water mass forming in mid-May that
persists until October (Kim et al., 2012). The formation of hypoxic

Most of the research on the phytoplankton species
composition in Masan Bay has involved microscopic
examinations of spatial and temporal distribution of major red-tide
species. Choi et al. (2000) reported the development and
distribution of Prorocentrum in the Masan-Jinhae Bay and Kwak
et al. (2001) studied the frequency and magnitude of red tides.
Although, several studies have been conducted regarding
phytoplankton species composition and the development of red
tides, studies on the annual changes of phytoplankton community
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Masan Bay is a semi-enclosed sea surrounded by
Masan, Changwon, and Jinhae, which are large cities, populated
by over 1 million inhabitants. Since 1970s, the development of
large-scale free-trade zones and industrial complexes has led to
a continuous increase in aquatic pollution. The continuous input
of anthropogenic pollutants has led not only to the contamination
of marine environment, but also to frequent biochemical changes
such as red tides and hypoxic water masses (Yim et al., 2005).

water masses has been reported to directly affect the respiration
and physiology of necton and benthos resident in Masan Bay
(Kim et al., 2012). Red tides in Masan Bay can be caused by
single species (diatoms or dinoflagellates) or multiple species.
Until 1980s, the blooms occurred mostly in summer (July and
August), but recently, the blooms have been occurring every year,
between March and November (Kim and Shin, 1997; Cho et al.,
1998; Kwak et al., 2001). The subsequent death of plankton and
the accompanying decomposition process exacerbates the
formation of hypoxic water masses after red tide (NFRDI, 2009).

Introduction
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Although studies on phytoplankton community
composition through photosynthetic pigment analysis using highperformance liquid chromatography (HPLC) has limitations (i.e.,
it can only classify the community at the class level), it has been
widely used as an effective tool for examining not only the
spatiotemporal distribution of phytoplankton community
composition, but also changes in phytoplankton community
composition during dramatic changes in marine environment
(Paerl et al., 2003; Hassen et al., 2008; Kim et al., 2010).

Field survey and sample analysis : To examine changes in
phytoplankton community composition in Masan Bay attributable
to environmental perturbations, 11 stations we selected within
Masan Bay and field surveys were conducted between March
and November 2010 (Fig. 1). During the summer months of July
and August, which is the peak season for eutrophication, surveys
were conducted twice a month. Water temperature, salinity,
dissolved oxygen (DO), and pH values were measured on-site
using a multiparameter water quality sonde (YSI 6920, YSI Inc.,
USA). Seawater samples were taken the surface and bottom
layers of the bay to measure nutrients, chemical oxygen demand
(COD), suspended particulate matter (SPM), particulate organic
matter (POM), and photosynthetic pigments. Samples for nutrient
analysis were filtered through pre-ashed GF/F filters at 450°C for
4 hr. COD was calculated by alkalizing the sample and adding
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The aim of the present study was to elucidate spatio
temporal changes in phytoplankton community composition
through photosynthetic pigment analysis in relation to changes in
marine environmental conditions in Masan Bay.

Materials and Methods
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composition based on changes of marine environment are
required.
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Fig. 1 : Sampling locations in Masan Bay
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Phytoplankton community composition in the eutrophic Masan Bay

The average SPM concentration at the surface and
bottom seawater of the bay was 9.40 ± 3.45 (4.82–15.99) mg l–1
and 11.48 ± 6.30 (5.08–30.24) mg l–1, and was highest during
early July, when the freshwater influx was high. In March, April
and September, the concentration was high between stations 3
and 7.
The average POM concentration was 4.48 ± 2.14
–1
(1.95–7.77) mg l at the surface seawater and 2.91 ± 1.25
–1
(1.58–6.33) mg l at the bottom seawater. As with the SPM
–1
concentrations, POM was highest in early July, (6.33 mg l ). The
concentration was high as some stations in March and April.

eC

Analysis of photosynthetic pigments : A filter paper was
inserted into a 10 ml culture tube, and 5 ml of 100% acetone and
50 μl of canthaxanthin (an internal standard) was added. The
sample was then extracted at –20ºC for 24 hr in a cold dark room
(Jeffrey, 1997). During the extraction process, the filter was
manually pulverized with a spatula and then further processed
with a sonicator for 5 min. The sample was then centrifuged at
2,000 rpm for 10 min. Approximately, 1 ml of the supernatant was
thoroughly mixed with 300 μl of HPLC-grade water, and the
sample was injected into a 100-μl HPLC loop.

21.92 ± 6.53), which was attributable to the increased influx of
freshwater during heavy precipitation. The difference between
salinity of the surface and bottom seawater was largest in early
July (>10). The horizontal distribution of salinity in the bottom
seawater showed only small differences among stations,
whereas the difference in the surface seawater was larger among
stations. Salinity displayed an increasing trend from inside of the
bay towards the outside.
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potassium permanganate (KMnO 4 ) to oxidize organic
compounds, thereby measuring the oxygen consumed. SPM was
determined by filtering 500 ml of seawater through a pre-weighed
GF/F filter (47 mm diameter), followed by washing with
approximately 10 ml of deionized water three times to remove
salts from filter and filtering apparatus. Samples for
photosynthetic pigment analysis were prepared by filtering 500 ml
of seawater through GF/F filter (47 mm diameter); the filter was
refrigerated until it was transported to the laboratory. The samples
were then stored in a deep freezer (–80°C) for photosynthetic
pigment analysis. Ammonium (NH4+), nitrate (NO3–), nitrite (NO2–),
3–
phosphate (PO4 ), and silicate (Si(OH)4) concentrations were
measured using a nutrient AutoAnalyzer (Bran+Luebbe, Quaatro,
Germany). SPM was calculated by comparing the difference in
weight of the filter before and after 24 hr of drying at 60°C in a
dryer. POM was determined after ashing the filter and then
weighed for SPM analysis at 550°C for 5 hr.
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The average DO concentration at the surface and bottom
seawater was 8.98 ± 1.70 (5.49–11.62) mg l–1 and 4.83 ± 1.67
(2.78–9.69) mg l–1, respectively, with DO of the bottom seawater
approximately half that of the surface seawater. DO levels of the
bottom seawater rapidly decreased after May (Fig. 2). Hypoxic
–1
water masses, with a DO of 2 mg l or less, formed between
stations 1 and 7 in May, and the range of hypoxic water masses
varied from month to month. The hypoxic water mass of the
bottom seawater formed in May persisted until early October (Kim
et al., 2012).

The pH range of surface and bottom seawater was
8.00–8.38 (average: 8.19 ± 0.15) and 7.58–8.21 (average: 7.86 ±
0.11), respectively. Change in pH was greater at the bottom
seawater as compared to the surface seawater, and the pH was
relatively lower for bottom seawater in summer, when DO was
lower (Fig. 2). The average COD of surface layer was 2.21 ± 0.99
(average: 0.65–5.30) mg l–1 and was highest in April. The average
COD of the bottom seawater was relatively low, with a range of
0.55–2.29 (average: 1.02 ± 0.42) mg l–1.
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The photosynthetic pigment concentration was analyzed
using a HPLC system (2690, Waters, USA). The standard
pigments used were chlorophyll a, b, c, and phaeophytin a, and
the auxiliary pigments included nine types of carotenoids (i.e.,
fucoxanthin, 19'-hexanoyloxy-fucoxanthin, lutein, alloxanthin,
prasinoxanthin, peridinin, 19'-butanoyloxy-fucoxanthin,
zeaxanthin and violaxanthin). A solvent system for pigment
analysis established by Park and Park (1997) was used.
Results and Discussion

The monthly changes in the marine environmental factors
of Masan Bay in 2010 are listed in Fig. 2. The surface and bottom
seawater temperature gradually increased from March (average
surface: 9.7 ± 0.4ºC; average bottom: 9.6 ± 0.5ºC), and were
highest during late August (average surface: 27.4 ± 0.5°C;
average bottom: 22.1 ± 1.4°C). The difference between surface
and bottom seawater temperature was small in March and largest
in August (approximately 5°C). The horizontal distribution of
water temperature during summer months (June–August)
displayed a decreasing trend from inside of the bay towards the
outside.
The salinity of surface seawater decreased from March
(average: 32.78 ± 0.88) and was lowest in early July (average:

The monthly distribution of nutrients displayed an
increasing trend after May and was highest in July, when
freshwater influx was pronounced (Fig. 2). The monthly average
concentration of NH4+ among stations during the survey period
was within the range of 1.45–13.38 (average: 6.85 ± 9.89) μM for
surface seawater and 2.74–19.72 (average: 8.57 ± 6.05) μM for
the bottom seawater. The concentration of NO2– as the surface
and bottom seawater was 0.80 ± 0.68 (0.22–1.62) and 0.73 ±
0.25 (0.21–1.37) μM, respectively, whereas for NO3–, the
concentration was 6.83 ± 7.42 (0.60–29.63) μM for surface
seawater and 4.99 ± 4.31 (1.56–22.69) μM for bottom seawater.
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Fig. 2 : Monthly variations in temperature, salinity, SPM, POM, DO, pH, COD, and nutrients at the surface and bottom layers of Masan Bay in 2010
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Between May and early October, when hypoxic water
was produced, chlorophyll a concentration at the surface of
Masan Bay was high (>10 μg l–1). However, chlorophyll a
concentration at the bottom layer was low, which may be
attributable to an increase in opacity following increase in SPM
during influx of freshwater in summer and the growth of
phytoplankton, thus hindering photosynthesis of phytoplankton at
the bottom layer (Son et al., 2012).
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The results from the mid-July (July 19) survey showed
that the nutrient concentration of Masan Bay was high due to
influx of freshwater from land, whereas chlorophyll a level was not
high. In contrast, the results from the survey conducted in late July
(July 29–30) showed that the nutrient content had dramatically
decreased and the concentration of chlorophyll a was high. These
observations may be attributable to the oversupply of nutrients
from freshwater influx into Masan Bay in July, which resulted in a
large increase in phytoplankton biomass.
To examine the changes in phytoplankton community
composition in Masan Bay in relation to changes in the marine
environment, photosynthetic pigments of phytoplankton at the
surface and bottom seawater were analyzed. Analysis of
photosynthetic pigments in the surface seawater revealed that
the concentration of fucoxanthin, peridinin, alloxanthin and
chlorophyll b was high, whereas the concentration of 19'butanoyloxy-fucoxanthin, 19'-hexanoyloxy-fucoxanthin,
–1
zeaxanthin, violaxanthin and lutein was relatively low at 5 μg l or
less (Fig. 3). At the surface, the concentration of phaeophytin a,
which is a decomposition product of chlorophyll a that serves as
an indicator of the physiological state of phytoplankton, was
highest in April and May when chlorophyll a concentration was
–1
highest (>2 μg l ; Fig. 3).
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The values were highest in early July, when the freshwater influx
was high. NH4+ and NO3– level was higher at the bottom layer as
–
compared to the surface, whereas the concentration of NO2 was
higher at the surface. It is believed that due to the formation of
hypoxic water masses the bottom seawater of Masan Bay during
summer, the reductive environment led to denitrification, resulting
–
in a decrease in NO2 at the bottom of the bay (Fig. 2). The monthly
3–
average concentration of PO4 at the surface and bottom layers
were 0.60±0.53 (0.17–1.47) and 1.11±0.70 (0.14–2.08) μM,
respectively. The average Si(OH)4 concentration was 24.8±17.5
(0.9–64.8) μM at the surface and 29.0±13.2 (4.0–57.2) μM at the
bottom layers. The concentration of dissolved inorganic nutrients
was higher at the bottom as compared to the surface of the bay,
and in terms of horizontal distribution, the concentration was
higher within the bay and decreased in regions farther from the
–
bay. In July, when the influx of freshwater was high, NO3 and
Si(OH)4 levels increased substantially. However, a relatively
3–
smaller change in PO4 concentration was observed, indicating
–
that the main source of NO3 and Si(OH)4 in Masan Bay was
freshwater influx. Si(OH)4 discharged in July was observed until
August, but had decreased dramatically by the end of the same
month. This decreasing trend may be attributable to consumption
by phytoplankton. For PO43–, the difference between the
concentration in surface and bottom layers was large. In
particular, during summer when water temperature increased, the
concentration at the bottom layer was twice higher than at the
3–
surface (Fig. 2). Lee et al. (2009) monitored the amount of PO4
introduced into Masan Bay through submarine groundwater
discharge using radium isotope tracing and reported that the
amount introduced through this mechanism was approximately
3.8-fold higher in May and 2.4-fold higher in August, as compared
3–
to the amount introduced by river discharges. Therefore, PO4 in
Masan Bay is mainly supplied by diffusion from the bottom
sediments or introduced through submarine groundwater
discharge, rather than river discharges.
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Although the pigment analysis cannot identify
phytoplankton species in Masan Bay, it can provide information
on the phytoplankton community composition at class level.
During the survey period, concentration of fucoxanthin, the main
pigment of diatoms, was highest, with an average monthly
concentration ranging between 0.51 (April) and 5.46 μg l–1
(August). The concentration was highest during summer,
between August and October. In contrast, the range of peridinin
concentrations, the main pigment of dinoflagellates, and
chlorophyll b, the main pigment of green algae or euglenophytes,
ranged from 0.07 (March) to 2.97 μg l–1 (April) and 0.06 (March) to
17.4 μg l–1 (April), respectively; both pigments were highest during
spring (April). The concentration of alloxanthin, the main pigment
of cryptophyta, ranged from 0.01 (March) to 1.21 μg l–1 (May) and
was highest in May. Based on the overall distribution pattern of
photosynthetic pigments, it exhibited a decreasing trend from the
inside of the bay towards the outside.

The monthly average concentration of chlorophyll a at the
surface seawater of Masan Bay was highest in April (26.0 ± 23.6
μg l–1) and lowest in November (4.29 ± 1.05 μg l–1) (Fig. 3). The
monthly average concentration of chlorophyll a at the bottom
seawater of Masan Bay was highest in March (19.6 ± 7.9 μg l–1)
and lowest in June (0.9 ± 1.0 μg l–1). The horizontal distribution of
chlorophyll a displayed very high levels between stations 3 and 7
in March and April and SPM and POM concentration was also
high during this period.
High concentration of chlorophyll a at the surface
seawater between March and April decreased in May. This may
be attributable to the consumption of DO at the bottom layers
through decomposition of organic matter that had accumulated at
the bottom sediments following the decline of phytoplankton
blooms, resulting in the development of hypoxic water at the
bottom layer in May.

Masan Bay, which is frequently associated with red tides,
is predominantly inhabited by phytoplankton and dynamic
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In April, when the dissolved inorganic phosphorus (DIP)
concentration (average: 0.22 ± 0.17 μM) dramatically decreased,
the community of dinoflagellates increased. This may be
attributable to limitation of growth of various phytoplankton as a
response to decrease in DIP, leading to a bloom of dinoflagellates,
which can grow by utilizing dissolved organic phosphorus (DOP)
(Glibert et al., 2001; Oh et al., 2002; Lee et al., 2010).
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References
Baek, S.H., S. Shimode, M.S. Han and T. Kikuchi: The influence of
nutrients concentration and the ratio on phytoplankton community
structure during late spring and early summer in Sagami Bay,
Japan. Algae, 23, 277–288 (2008).
Baek, S.H., S. Shimode, H.C. Kim, M.S. Han and T. Kikuchi: Strong
bottom-up effects on phytoplankton community caused by a
rainfall during spring and summer in Sagami Bay, Japan. J. Mar.
Syst., 75, 253–264 (2009).
Cho, H.Y. and J.W. Chae: Analysis on the characteristics of the pollutant
load in Chinhae-Masan Bay. Kor. Soc. Coast. Ocean. Eng., 10,
132–140 (1998).
Cho, K.J., M.Y. Choi, S.K. Kwak, S.H. Im, D.Y. Kim, J.G. Park and Y.E.
Kim: Eutrophication and seasonal variation of water quality in
Masan-Jinhae Bay. J. Korean Soc. Oceangr., 3, 193–202 (1998).
Choi, M.Y., S.K. Kwak and K.J. Cho: Algal bloom and distribution of
Prorocentrum population in Masan-Jinhae Bay. Korean J. Environ.
Biol., 18, 447–456 (2000).
Glibert, P.M., R. Magnien, M.W. Lomas, J. Alexander, C. Fan, E.
Haramoto, M. Trice and T.M. Kana: Harmful algal blooms in the
Chesapeake and coastal bays of Maryland, USA: comparison of
1997, 1998, and 1999 events. Estuaries, 24, 875–883 (2001).
Hassen, M.B., Z. Drira, A. Hamza, H. Ayadi, F. Akrout and H. Issaoui:
Summer phytoplankton pigments and community composition
related to water mass properties in the Gulf of Gabes. Estuar.
Coast. Shelf Sci., 77, 645–656 (2008).
Jeffrey, S.W.: Application of pigment methods to oceanography. In:
Phytoplankton Pigments in Oceanography (Eds.: S.W. Jeffrey,
R.F.C. Mantoura and S.W. Wright). Guidelines to Modern
Methods, UNESCO Publishing, Paris (1997).
Jeong, H.J., T.H. Kim, Y.D. Yoo, E.Y. Yoon, J.S. Kim, K.A. Seong, K.Y. Kim
and J.Y. Park: Grazing impact of heterotrophic dinoflagellates and
ciliates on common red-tide euglenophyte Eutreptiella gymnastica
in Masan Bay, Korea. Harmful Algae, 10, 576–588 (2011).
Kim, C.H. and J.B. Shin: Harmful and toxin red tide algal development
and toxins production in Korean coastal waters. Algae, 12,
269–276 (1997).
Kim, S.Y., Y.H. Lee, Y.S. Kim, J.H. Shim, M.J. Ye, J.W. Jeon, J.R. Hwang
and S.H. Jun: Characteristics of marine environmental in the
hypoxic season at Jinhae Bay in 2010. Korean J. Nat. Conserv., 6,
115–129 (2012).
Kim, T.H., Y.W. Lee and G. Kim: Hydrographically mediated patterns of
photosynthetic pigments in the East/Japan Sea: low N:P ratios and
cyanobacterial dominance. J. Mar. Syst., 82, 72–79 (2010).
Kwak, S.K., M.Y. Choi and K.J. Cho: Distribution and occurrence
frequency of red-tide causing flagellates in the Masan-Jinhae Bay.
Algae, 16, 315–323 (2001).
Lee, Y.W., D.W. Hwang, G. Kim, W.C. Lee and H.T. Oh: Nutrient inputs
from submarine groundwater discharge (SGD) in Masan Bay, an
embayment surrounded by heavily industrialized cities, Korea.
Sci. Total Environ., 407, 3181–3188 (2009).

lin

eC

Between May and early October, when hypoxic water was
produced at stations 1 and 7, the concentration of fucoxanthin,
the main pigment of diatoms, was high at the surface seawater.
The concentration of fucoxanthin was highest at the bottom
seawater, although the total biomass of phytoplankton was low.
The growth of diatoms was significantly correlated with the
distribution of dissolved inorganic silicate (DSi) (Wu and Chou,
2003). When hypoxic water was present, the DSi concentration at
surface seawater was maintained at a high level after influx of
freshwater in early July, indicating that diatoms flourished due to
their interspecific dominance over dinoflagellates bloom in spring.
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In early August, chlorophyll a concentration of surface seawater
between stations 1 and 6 was high, with levels of more than 10
(12.7–38.1) μg l–1, which coincided with high fucoxanthin and
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consisting of diatoms and green algae or euglenophytes likely
occurred. Jeong et al. (2011) reported that during a 2004 survey of
Masan Bay, a mass of euglenophyte (Eutreptiella gymnastica)
increased in early August. Therefore, high chlorophyll b
concentration in August 2010 may be attributable to increase in
Eutreptiella gymnastica, which contains chlorophyll b (Schlüter et
al., 2000).
In late August, chlorophyll a concentration at surface water
between stations 1 and 4 was high (14.8–81.1 μg l–1), and the
concentration of fucoxanthin was highest. Low concentration of
DSi in seawater in late August may be attributable to the growth of
diatoms during this period. The biomass and community
composition of phytoplankton are affected by nutrient distribution
and composition (Wu and Chou, 2003; Baek et al., 2008, 2009).
The results indicate that the biomass and community
composition of phytoplankton are associated with the dynamics
of DSi in summer and DIP in spring. Analysis of photosynthetic
pigments can serve as a useful tool for predicting changes in
phytoplankton community composition in coastal areas impacted
by large changes in the marine environment.
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