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ABSTRACT

Phytoplankton community structure based on photosynthetic pigments in the Lembeh strait was studied
in April 2017, during the period of monsoon transition. With data of the spatial distribution of phyto-
plankton community structures and environmental factors, the main factors leading to the changes in
phytoplankton community structure and distribution of phytoplankton abundance were discussed. Our
results show that the phosphate concentration in the north of the strait was higher than that in the south,
while the distribution of nitrogen concentration was just the opposite. The silicate concentration had a
significance high concentration in the bottom water of the northern strait, indicating that there was a
sinking ocean current from the north. Different from previous surveys, the N/P ratio of water ranges from
2.6 to 4.56, proving that nitrogen is the nutrient limiting factor in this survey, which was due to increased
phosphorus concentrations due to continuous heavy rains. The main pigments were Chl b, 19-hex-
fucoxanthin and fucoxanthin during the period of monsoon transition. Chl a concentration was signifi-
cantly higher in the north of the strait than in the south, and Chl a concentration at surface was higher
than that at bottom. This is because the thrive of cyanobacteria in the northern strait, which were the
main group in the Lembeh strait during monsoon transition. They can grow and reproduce in the
nutrient-poor sea water, since they can use phosphonates as a source of phosphorus during metabolic
processes. Compared with surveys conducted during SE monsoonal period, the abundance of phytoplank-
ton in monsoon transition period was significantly lower. Because the upwelling brought sufficient nutri-
ents to the water, which meet the require of phytoplankton growth, allowing phytoplankton to grow well
in SE monsoon. On the whole, the results show that the changes in phytoplankton community structure
and distribution of phytoplankton abundance during the monsoon transition period in the Lembeh strait
is mainly affected by nutrients.
© 2019 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

algal blooms. Some phytoplankton also have the ability to enrich
pollutants and can be used as indicators of pollution. The abun-

Phytoplankton are the most important primary producers in the
marine ecosystem. They only account for 0.2% of the biomass of the
primary producers, but provide nearly 50% of the primary produc-
tivity of the earth, playing a crucial role in the material cycle and
energy flow of the ecosystem (Horne et al., 1994; Jun 2011; Song
et al., 2004; Yulin et al., 2004). Certain phytoplankton can also be
indicators of water masses, ocean currents, or causes of harmful
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dance and species of phytoplankton change rapidly when the mar-
ine environment changes (Feiyan, 2009; Maria et al., 2007; Wong
et al., 1995), so the species composition of phytoplankton is con-
sidered as a biological indicator of the marine ecosystem
(Ghinaglia et al., 2004). At the same time, blooms of phytoplankton
can be deadly for ecosystems, such as blooms can cause coral reefs
to suffocate and die. For example, the observation of coral reef
community in north of Florida showed a significant decrease in
coral coverage, which studies showed was related to the blooms
outbreak in spring of that year (Hu, 2003). In August 2008, a rare
bloom broke out in the Persian Gulf for 10 months, which led to
the mass death of corals in the region (Namin et al., 2010).

North Sulawesi has a typical equatorial climate, and the average
sea level temperature changes little throughout the year (Aldrian
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and Susanto, 2003). Lembeh strait, in northeast coast of Northeast
Sulawesi and situated alongside the Bitung coast, is a long, narrow
strait. The strait is strongly influenced by two monsoons, the wet
northwest (NW) monsoon from November to March and the dry
southeast (SE) monsoon from May to September (Aldrian and
Susanto, 2003). The period between the monsoons is called the
inter-seasonal period (Abdul-Hadi et al., 2013). Lembeh strait is
rich in marine biodiversity, which makes it one of the most popular
diving sites. It is said that the Lembeh strait is home to a vast
amount of plankton that supports life in the surrounding sea
(Rumengan et al., 2011).

According to the 2010 census, approximately 188,000 people
live along the Lembeh strait. With the rapid development of indus-
try, agriculture and tourism activities from the Bitung city, the
strait is facing the problem of environment deteriorations. Consid-
ering the environmental problems faced by the mangroves, coral
reefs and seagrasses that live around the strait, and the economic
benefits they represent, it is necessary to assess the marine biodi-
versity of the Lembeh strait in order to create a general awareness
of the importance of protecting biodiversity, natural habitats and
controlling pollution.

In this paper, we summarized the relationship between phyto-
plankton community structure and environmental factors by ana-
lyzing the data of phytoplankton groups and abundance
distribution in the monsoon transition period of Lembeh strait in
2017, with aims to obtain the background of phytoplankton,
understand the relationship between phytoplankton community
structure and monsoon changes, and the impact of human activi-
ties on local ecology.

2. Materials and methods

The authors set out in transition season, a transition from
Northeast monsoon to Southwest monsoon in 2017. Seawater sam-
ples were collected from 9 sites in the Lembeh strait (Fig. 1). When
the depth of the station is less than 15 m, the surface water is
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Fig. 1. Location of sampling stations.

taken; when the depth of the station is greater than 15 m, take
the water both at the surface and 15 m.

To study the distribution of water chemical and phytoplankton
groups, the survey area is divided into north and south, the north-
ern part from site A10 to site A16, while the southern part from site
A10 to site A20 (Fig. 1).

Photosynthetic pigment samples were collected and placed in a
low temperature, dark place and brought back to the laboratory for
filtration. 2 ~ 3 L water samples were collected by 0.7 p GF/F filtra-
tion membrane with aperture, and the filtration negative pressure
was less than 0.6 atm (1atm=101325Pa). The membrane is
folded in half and placed in an aluminum foil bag, then store in liq-
uid nitrogen. Defrost the filter film in the filter paper to absorb
excess water; 2 mL N and N-dimethyl formamide (DMF) were used
as extraction agents. Place it in the dark at —20 °C for 2 h to fully
extract the pigment. After fully mixing, centrifuge (5 min, 4 kg,
—4°C), take supernatant, filter GF/F membrane with Millipore
(13 mm), and collect filtrate (2 mL) in brown chromatographic vial.
The whole process was carried out under low light intensity and
low temperature to reduce the degradation of photosynthetic
pigment.

The separation of pigments by HPLC and the use of chromato-
graphic column and mobile phase were carried out according to
references (Jixin et al., 2003, 2006). Contributions of each phyto-
plankton group to Chl a were obtained by transforming data of
13 characteristic pigments by CHEMTAX program factor analysis
method (Jixin et al., 2006; Furuya, 1998; Van Heukelem and
Thomas, 2001), which was expressed as Chl a concentration (ng/
L). The initial value of characteristic pigment and chlorophyll ratio
was obtained by Mackey (1998).

The collection and determination methods of dissolved inor-
ganic nitrogen (DIN), silicate, phosphate and the others were con-
ducted in accordance with Marine monitoring code (GB17378.4-
2007).

3. Results
3.1. Environmental factors

Water is essential for life due to its unique chemical properties.
The presence or absence of some constituents in water determines
water quality that may create favorable or unfavorable condition
to life form. Thus, water chemistry plays an important role in the
health, abundance and diversity of the aquatic life.

The concentrations of DIN, phosphate and silicate in this survey
are shown in Fig. 2. The DIN concentration in the monsoon transi-
tion period in the Lembeh strait was low. There was little differ-
ence between the surfer water and the bottom water, but varies
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Fig. 2. Nutrient concentrations in different areas.
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greatly between the south and the north, which the DIN concentra-
tion of southern strait was higher than the northern strait.

The mean value of phosphate concentration during monsoon
transition period was less than 1.00 pmol/L. Contrary to DIN, the
phosphate concentration in northern strait was higher than that
in southern strait.

It is worth noting that the silicate concentration changes dra-
matically at bottom, that the silicate concentration in northern
strait was as high as 3 times that in southern strait. However,
the distribution of silicate concentration at surface was uniform,
and there was no significant difference vary with regions.

In this survey, the N/P ratio of water ranges from 2.6 to 4.56, the
mean value of N/P ratio in the bottom water was higher than the
surfer water, and the southern part was higher than the northern
part. Our result shows that nitrogen was a limiting factor, that
was different from previous survey (Baohong et al., 2016).

3.2. Composition and distribution of photosynthetic pigments

The distribution of Chl a concentration in the Lembeh water is
shown in Fig. 3. In the period of monsoonal alternation, the mean
value of Chl a concentration was 273.85 ng/L. It was said that the
Chl a concentration at surface was higher than that at bottom,
and the northern water was higher than the southern water. The
highest Chl a concentration at surface appeared at site A16 of
northern part of strait, and the second was found at site A20 and
A13, which at both ends of strait. The Chl a concentration at bot-
tom was evenly distributed, and the highest concentration was
found at site A16. The second highest Chl a concentration was in
the middle-north part of strait, while the south of the strait had
a lower Chl a concentration.

The composition and concentration of pigments in the Lembeh
strait were dramatically spatial variation. The major pigments at
surface were Chl b, 19-hex-fucoxanthin, fucoxanthin, p-carotene
and zeaxanthin, while at bottom were Chl a, 19-hex-fucoxanthin,
Chl b and Chl c,. Fig. 4 shows the spatial distribution of pigment
concentration in the Lembeh strait. Chl b was the main pigment
during the monsoon transition period. The Chl b concentration in
southern part of surface water was higher than that in northern
part and reaches its peak at site A20. The Chl b concentration
was evenly distributed at bottom, and the mean values of Chl b
concentration in the north and south water were the same. The
19-hex-fucoxanthin was the major pigment as well, and its distri-
bution in surfer water was close to Chl b, and the highest concen-
tration also found in the southern water. The 19-hex-fucoxanthin
concentration at bottom was evenly distributed, and the concen-
tration in the central of the strait was slightly higher than that at
both ends. The distribution of fucoxanthin concentration was
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Fig. 3. Distribution of Chl a concentration.

higher in the surface of the southern strait. The peak of B-
carotene and zeaxanthin concentrations were mainly concentrated
in the northern water, and the concentration at surface was signif-
icantly higher than that at bottom. The Chl a and Chl ¢, concentra-
tions were significantly higher in the southern water and the
bottom water.

3.3. The abundance and spatial distribution of phytoplankton groups

As results of the CHEMTAX, cyanobacteria were the most
important group in the monsoon transition period of the Lembeh
strait, followed by crysophytes, prasinophytes, cryptophytes, dia-
toms and dinoflagellates, and the abundance of chlorophytes was
the lowest (Fig. 5).

Cyanobacteria was the main group during the period of mon-
soon transition in the Lembeh strait, and the spatial distribution
vary with regions. The cyanobacteria abundance at surface was sig-
nificantly higher than that at bottom, and the northern strait was
higher than the southern strait.

Crysophytes was the second group of Lembeh strait, but its
abundance was only 10% of cyanobacteria. The crysophytes abun-
dance was evenly distributed, its abundance at surface was slightly
higher than that at bottom, and the southern water was slightly
higher than the northern water.

The mean value of prasinophytes abundance was same with
crysophytes. But different from other groups, its abundance in
the bottom water was higher than that in the surface water, and
the distribution of abundance was more uniform.

There was little difference in cryptophytes abundance between
the surface water and the bottom water. The abundance at surfer
shows an obvious decreasing trend from south to north, while it
was just opposite at bottom. Among them, the cryptophytes abun-
dance at site A20, which in the southernmost strait, was less than
5.00 ng/L.

The other phytoplankton groups abundance was very low,
theirs sum of abundance of diatoms, dinoflagellates and chloro-
phytes was less than 50 ng/L.

3.4. Composition and distribution of phytoplankton community

Cyanobacteria was the main group in the Lembeh strait during
monsoon transition period, which was the largest dominant group
in whole area and contributes 75% to the total abundance (Fig. 6).
Its proportion was decreasing from the northernmost to the central
and then increasing to the southernmost. The proportion of cryso-
phytes at surface was larger than that at bottom, and the propor-
tion of crysophytes in the strait increases from northernmost to
southernmost, which was especially obvious in the surface water.
Prasinophytes were detected more at bottom, and accounting for
less than 10.00% of all sites. At surface, the cryptophytes abun-
dance was lowest in the northernmost of strait, and the distribu-
tion trend of abundance proportion was increasing from the
northernmost to the middle of strait, until the central reached a
high value. However, the cryptophytes at bottom had a relatively
high and uniform distribution. The abundance of diatoms,
dinoflagellates and chlorophytes in the monsoon transition period
of Lembeh strait was low, and the contribution proportion to phy-
toplankton abundance was less than 5.00%.

4. Discussion
4.1. Environmental factors effects

Due to the sensitivity of marine ecosystem to environmental
changes, the factors leading to change of phytoplankton com-
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munity structure and abundance distribution are complex
(Wirtz and Wiltshire, 2005). Phytoplankton in low-nutrient
tropical seas are mainly affected by nutrients and light, while
nutrients supply are mainly affected by monsoons (Kampf and
Chapman, 2016; Tang et al., 2004). Thus, understanding nutrient
supplies during monsoon transition period in the Lembeh strait
is essential.

It is reported that, there are different water masses in the north
and south of the Lembeh strait, indicate that less water exchange
between the north and south of strait. (Weibo et al., 2018). In addi-
tion, North Sulawesi, located west of the equatorial Pacific Ocean,
has a deep and sharp thermocline, where the water column is obvi-
ously stratified, making it difficult for rising nitrogen to maintain
new primary productivity (Sophie et al., 2009). Thus, high silicate
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concentration detected at bottom of the northern water also
demonstrate that an influx of sinking current from the north to
the strait. On the other hand, different from the Nanliu river
(Youyin et al., 2017a,b), there is no large river discharge with high
nutrient concentration to the water during the non-SE monsoon
period, and low wind speed cannot form upwells (Koagouw
et al., 2013). In addition, compared with other sea areas, the aqua-
culture in Bitung city receives limited nutrients into the seawater
(Youyin et al., 2017a,b, 2018). As a result, compared with the SE
monsoon period, when nutrients are fully supplied by upwelling,
the monsoon transition period is nutrient-poor and difficult to
the meet the require of phytoplankton growth in the Lembeh strait.

4.2. The significance of cyanobacteria in monsoon transition period

Our results show that the phytoplankton abundance was low
during monsoon transition period in the Lembeh strait. Higher
phytoplankton abundance in southern strait because of cyanobac-
teria thrive in the water. Cyanobacteria were the main group dur-
ing the monsoonal alternation season, accounting for more than
75% of the total phytoplankton abundance, which was consistent
with the results of microscopic examination (Senming et al.,
2018). Microscopic examination shows that Trichodesmium ery-
thraeum was the dominant species in the Lembeh strait during
the monsoon transition. Cyanobacteria are considered an indicator
of nutrient-poor water because they can use phosphonates as a
source of phosphorus during metabolic processes and thrive in
nutrient-deficient waters (Capone, 1997; Dyhrman et al., 2006).
It is suggested that cyanobacterias were dispersed by currents or
tides and came from Molukka sea because the group abundance
was usually found higher in northern part than in southern part
(Bin and Dirhamsyah, 2018). Therefore, the thrive of cyanbacterias
indicates that the waters of Lembeh strait is nitrogen limited dur-
ing this survey period, particularly, in northern strait (Fig. 2). In

this survey, the phosphate concentration was relatively high and
nitrogen was a limiting factor, which was due to the continuous
rainstorm in the days before the survey (Bin and Dirhamsyah,
2018). This result is different from the previous survey, in which
phosphorus is the main limiting factor. (Baohong et al.,, 2016;
Senming et al., 2018).

Furthermore, the thrive of cyanobacterias may be have signifi-
cance to the ecosystem of Lembeh strait. In oligotrophic seas water,
characterized by low levels of inorganic nitrogen, cyanobacteria
provide nutrients to the euphotic zone through nitrogen fixation
and upward nutrient pumping to supplement the lack of nutrient
regeneration by heterotrophic grazers to sustain phytoplankton
productivity (Xu et al.,, 2009). Thus, we assumption that the
increased levels of nitrogen fixation by Trichodesmium sp. have
important contribution to the high biodiversity in the Lembeh
strait.

4.3. Comparison of different periods

In the period of SE monsoon, the upwelling of Lembeh strait
brings enough nutrients to meet the require of phytoplankton,
which promotes the rapid growth of phytoplankton. During the
SE monsoon period in 2015, we set 4 monitoring station in the sur-
face water for investigation (Bin and Dirhamsyah, 2018), and com-
pared with the same stations in this survey. Our results show that
the pigment composition, major groups and phytoplankton abun-
dance between these two periods were significantly difference
(Table 1). The results indicate that phytoplankton prefer to grow
during the SE monsoon, in particular, the abundance value
detected at site A9 was up to 13 times higher than that in the tran-
sition period (Fig. 7). Besides, the succession of phytoplankton
community was obvious during the two periods, and the major
groups of phytoplankton in the SE monsoon was diatom, prasino-
phytes and synechococcus (Table 1).

It is reported that appearance of high diatoms abundance dur-
ing SE monsoon may have indicated the sign of upwelling water
emergence. Because of lower phytoplankton abundances have in
fact reflected shortage of nutrient supply during the monsoon tran-
sition (Senming et al., 2018). Part of the diatoms, such as Pseudo-
nitzschia sp. and Thalassionema nitzschioides prefer to grow in
nutrient-rich water (Liefer et al., 2009). It is said that the increase
of Pseudo-nitzschia sp. abundance seems to reflect the eutrophica-
tion of water, which provides a link between coastal eutrophica-
tion and harmful algal blooms (Parsons et al., 2002).

This study provided data on phytoplankton community compo-
sition and abundance distribution during monsoon transition in
the Lembeh strait on the east coast of Sulawesi, Indonesia. Our
results showed that, the phosphate concentration in this survey
was higher than that in previous surveys since the continuous rain-
fall, and nitrogen was the limiting factor. Due to the influence of
human activities, the nitrogen concentration was significantly high
on the coast of Bitung city. And the concentration of silicate at

Table 1
Major pigments/Chl a ratio and phytoplankton abundance/Chl a ratio during SE
monsoon and monsoon transition period.

Time Major pigments/Chl a ratio (%) Phytoplankton
abundance/Chl a ratio (%)
SE Chl b (0.306-0.333), zeaxanthin Prasinophytes (26.48),
monsoon (0.081-0.127), fucoxanthin Synechococcus (25.73),
(0.113-0.132) Diatoms (20.49)
Monsoon B-carotene (0.065-0.165), Cyanobacteria (0.828)

tranition  Zeaxanthin (0.093-0.116), Chlb
(0.059-0.218), 19-hex-

fucoxanthin (0.052-0.184)
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bottom of strait changes greatly, which may be caused by different
water masses around the Lembeh strait.

In this study, cyanobacteria were found to be the dominant
group in the monsoon transition period of the Lembeh strait, and
prefer to grow in northern strait. This is because the south of the
strait is saturated with nutrients, while the north, where nutrient
conditions is poor, is more conducive to the growth of Tri-
chodesmium sp.

During the period of SE monsoon, phytoplankton thrive because
of upwelling to replenish enough nutrients, and the abundance of
phytoplankton was significantly higher than that transition period.
The phytoplankton community composition was also different
from that in the transition period, mainly composed of diatoms
and other species that prefer to grow in nutrient-rich waters.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

This work was supported by the China-Indonesia Maritime
Cooperation Fund project “China-Indonesia Bitung Ecological Sta-
tion Establishment”, the Global Climate Change and Ocean Atmo-
sphere Interaction Research (No. GASI-01-02-04) and the
Scientific Research Foundation of TIO, MNR (NO. 2015022). The
authors thank DIRHAMSYAH, BIN Chen, RACHMAN Arief, FITRIA
Nurul, THOHA Hikmah who assisted in the implementation of
the study. The authors declare that there is no conflict of interest.

Declaration of Competing Interest

All the authors hereby agreed and confirm that there is no con-
flict of interest for this research work and publication of this paper.

References

Abdul-Hadi, A., Mansor, S., Pradhan, B., Tan, C.K.,, 2013. Seasonal variability of
chlorophyll-a and oceanographic conditions in Sabah waters in relation to Asian
monsoon-a remote sensing study. Environ. Monit. Assess. 185 (5), 3977-3991.
https://doi.org/10.1007/s10661-012-2843-2.

Aldrian, Susanto, R.D., 2003. Identification of three dominant rainfall regions within
Indonesia and their relationship to sea surface temperature. Int. ]. Climatol. 23
(12), 1435-1452. https://doi.org/10.1002/(ISSN)1097-0088.

Baohong, C., Muchtar, M., Tingting, F., Hongzhe, C., Jigang, W., Kaiwen, Z., 2016. A
baseline study of coastal water quality in the Lembeh Strait of North Sulawesi,
Indonesia, in 2013. Mar. Pollut. Bull. 104 (1), 364-370. https://doi.org/10.1016/
j-marpolbul.2016.01.020.

Bin, C., Dirhamsyah, 2019. Marine Ecosystems of North Sulawesi, Indonesia. Science
Press, Beijing.

Capone, D.G., 1997. Trichodesmium, a
cyanobacterium.  Science 276  (5316),
10.1126/science.276.5316.1221.

Dyhrman, S.T., Chappell, P.D., Haley, S.T., Moffett, ].W., Orchard, E.D., Waterbury, ].B.,
et al., 2006. Phosphonate utilization by the globally important marine
diazotroph Trichodesmium. Nature 439 (7072), 68-71. https://doi.org/
10.1038/nature04203.

Feiyan, Z., 2009. Historical Comparison on Evolution of Phytoplankton Community
and its Relations with Environmental Factors in Yangtze Estuary and its
Adjacent Sea. East China Normal University, Shanghai.

Furuya, K., Hayashi, M., Yabushita, Y., 1998. HPLC determination of phytoplankton
pigments using n, n-dimethylformamide. J. Oceanogr. 54 (2), 199-203. https://
doi.org/10.1007/BF02751695.

GB17378.4-2007, 2007. Marine Monitoring Code-Part 4: Seawater analysis. Beijing:
China Standard Press.

Ghinaglia, L.T., Herrera-Silveira, J.A., Francisco, A.C., 2004. Structural variations of
phytoplankton in the coastal seas of Yucatan, Mexico. Hydrobiologia 519 (1-3),
85-102. https://doi.org/10.1023/b: hydr.0000026487.78497.b6.

Horne, AJ., Goldman, CR. 1994. In: Limnology. second ed. McGraw-Hill
Companies, New York, pp. 226-264.

Hu, C.M., 2003. The 2002 ocean color anomaly in the Florida Bight: a cause of local
coral reef decline? Geophys. Res. Lett. 30 (3), 1151. https://doi.org/10.1029/
2002gl016479.

Jixin, C., Bangqin, H., Xiwei, J., Huasheng, H., Tinggui, X., 2003. Community structure
of marine ultraphytoplankton in Xiamen waters using photosynthetic
pigments. Mar. Environ. Sci. 22 (3), 16-21. https://doi.org/10.3969/j.
issn.1007-6336.2003.03.004.

Jixin, C., Bangqgin, H., Yuan, L., Zhenrui, C., Huasheng, H., 2006. Phytoplankton
community structure in the transects across east China Sea and Northern South
China Sea determined by analysis of HPLC photosynthetic pigment signatures.
Adv. Earth Sci. 21 (7), 738-746. 1001-8166(2006)07-0738-09.

Jun, S., 2011. Marine phytoplankton and biological carbon sink. Acta Ecol. Sin. 31
(18), 5372-5378.

Kampf, J., Chapman, P., 2016. Seasonal wind-driven coastal upwelling systems. In:
Upwelling Systems of the World. Academic Press, Springer International
Publishing Switzerland, Switzerland, pp. 315-361.

Koagouw, J.E., Mamuaya, G.E., Tarumingkeng, A.A., et al., 2013. Wind speed data
analysis for predictions of sea waves in Bitung Coastal Waters. Aquatic Sci.
Manage., Edisi Khusus 1, 35-39.

Liefer, ].D., Macintyre, H.L., Lucie, N., Smith, W.L., Dorsey, C.P., 2009. Temporal and
spatial variability in Pseudo-nitzschia spp. in Alabama coastal waters: a “hot
spot” linked to submarine groundwater discharge. Harmful Algae 8 (5), 706-
714. https://doi.org/10.1016/j.hal.2009.02.003.

Mackey, M.D., Mackey, D.J., Higgins, H.W., Wright, S.W., 1996. CHEMTAX-A program
for estimating class abundance from chemical markers: application to HPLC
measurements of phytoplankton. Mar. Ecol. Prog. Ser. 144, 265-283. https://doi.
org/10.3354/meps144265.

Namin, K.S., Risk, M.J., Hoeksema, B.W., Zohari, Z., Rezai, H., 2010. Coral mortality
and serpulid infestations associated with red tide, in the Persian Gulf. Coral
Reefs 29 (2). https://doi.org/10.1007/s00338-010-0601-X.

Parsons, M.L., Dortch, Q., Turner, RE., 2002. Sedimentological evidence of an
increase in Pseudo-nitzschia (Bacillariophyceae) abundance in response to

globally significant marine
1221-1229.  https://doi.org/


https://doi.org/10.1007/s10661-012-2843-2
https://doi.org/10.1002/(ISSN)1097-0088
https://doi.org/10.1016/j.marpolbul.2016.01.020
https://doi.org/10.1016/j.marpolbul.2016.01.020
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0020
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0020
https://doi.org/10.1126/science.276.5316.1221
https://doi.org/10.1126/science.276.5316.1221
https://doi.org/10.1038/nature04203
https://doi.org/10.1038/nature04203
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0045
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0045
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0045
https://doi.org/10.1007/BF02751695
https://doi.org/10.1007/BF02751695
https://doi.org/10.1023/b:hydr.0000026487.78497.b6
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0065
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0065
https://doi.org/10.1029/2002gl016479
https://doi.org/10.1029/2002gl016479
https://doi.org/10.3969/j.issn.1007-6336.2003.03.004
https://doi.org/10.3969/j.issn.1007-6336.2003.03.004
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0080
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0080
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0080
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0080
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0085
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0085
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0090
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0090
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0090
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0095
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0095
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0095
https://doi.org/10.1016/j.hal.2009.02.003
https://doi.org/10.3354/meps144265
https://doi.org/10.3354/meps144265
https://doi.org/10.1007/s00338-010-0601-x

1196 Y. Ye et al./Journal of King Saud University — Science 32 (2020) 1190-1196

coastal eutrophication. Limnol. Oceanogr. 47 (2), 551-558. https://doi.org/
10.4319/10.2002.47.2.0551.

Rumengan, LF.M., Akerina, ], Rampengan, M.F., et al., 2011. Abundance and
diversity of zooplankton in Lembeh Strait, Bitung, Indonesia. Mar. Res.
Indonesia 36 (1), 15-20.

Senming, T., Arief, R., Nurul, F., Hikmah, T., Bin, C., 2018. Phytoplankton changes
during se monsoonal period in the Lembeh strait of north Sulawesi, Indonesia,
from 2012 to 2015. Acta Oceanol. 37 (12), 9-17. https://doi.org/10.1007/
s13131-018-1283-4.

Song, X., Huang, L., Zhang, J., Huang, X., Zhang, J., Yin, J., et al., 2004. Variation of
phytoplankton biomass and primary production in Daya Bay during spring and
summer. Mar. Pollut. Bull. 49, 1036-1044. https://doi.org/10.1016/
j-marpolbul.2004.07.008.

Sophie, B., Isabelle, C.B., Pierre, D., Lia, 0.S., Douglas, G.C., 2009. Nitrogen fixation in
the western equatorial Pacific: rates, diazotrophic cyanobacterial size class
distribution, and biogeochemical significance. Glob. Biogeochem. Cycles 23, 1-
13. https://doi.org/10.1029/2008 GB003439.

Tang, D.L, Kawamura, H., Dien, T.V., Lee, M.A,, 2004. Offshore phytoplankton
biomass increases and its oceanographic causes in the South China Sea. Mar.
Ecol. Prog. Series 268, 31-41. https://doi.org/10.3354/meps268031.

Van Heukelem, Laurie, Thomas, C.S., 2001. Computer-assisted high-performance
liquid chromatography method development with applications to the isolation
and analysis of phytoplankton pigments. J. Chromatogr. A 910 (1), 31-49.
https://doi.org/10.1016/s0378-4347(00)00603-4.

Weibo, W., Aijun, P., Kusmanto, E., Hasanudin, M., Sutisna, D., Laboratory, O.D.,
2018. North-south difference of water mass properties across the Lembeh Strait,

North Sulawesi, Indonesia. Acta Oceanal. 37 (12), 1-8. https://doi.org/10.1007/
s13131-018-1282-5.

Wirtz, KW., Wiltshire, K., 2005. Long-term shifts in marine ecosystem functioning
detected by inverse modeling of the Helgoland Roads time-series. J. Mar. Syst.
56 (3-4), 262-282. https://doi.org/10.1016/j.jmarsys.2004.11.002.

Wong, Y.S., Tam, N.F.Y., 1995. In: Asia-Pacific Symposium on Mangrove Ecosystems.
Kluwer Academic Publishers, Hague. https://doi.org/10.1007/978-94-011-0289-6.

Xu, Y., Dai, M., Zhai, W., Yuan, D., Liu, J., Sun, Z,, et al., 2009. Short-term dynamics of
nutrients influenced by upwelling in a small oligotrophic coastal ecosystem,
Gan Bay, in the northwest Philippines. Prog. Nat. Sci. 19 (5), 595-601. https://
doi.org/10.1016/j.pnsc.2008.10.005.

Youyin, Y., Yang, L., Yu, W., Mao, L., Peng, X., 2017b. Relation between diversity of
phytoplankton and environmental factors in waters around Nanri Island. Appl.
Ecol. Environ. Res. 15 (3), 241-252. https://doi.org/10.15666/aeer/1503_241252.

Youyin, Y., Peng, X., Lei, W., Yanyan, Y., Yu, W., Mao, L., Wenlu, L., 2017a. The
structure and distribution of phytoplankton community in the Nanliujiang
estuary during spring. Haiyang Xuebao 39 (10), 111-123. https://doi.org/0253-
4193(2017)10-0111-13.

Youyin, Y., Kaibiao, C., Qiangian, Z., Peng, X., Yunlong, H., Mao, L., 2018. Impacts of
thermal discharge on phytoplankton in Daya Bay. ]. Coastal Res. 83, 135-147.
https://doi.org/10.2112/SI83-022.1.

Yulin, W., Song, S., Yongshan, Z., 2005. Long-term change of environment and its
influence on phytoplankton community structure in Jiaozhou Bay. Oceanol.
Limnol. Sin. 36 (6), 487-498. https://doi.org/10.3321/j.issn:0029-
814X.2005.06.002.


https://doi.org/10.4319/lo.2002.47.2.0551
https://doi.org/10.4319/lo.2002.47.2.0551
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0120
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0120
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0120
https://doi.org/10.1007/s13131-018-1283-4
https://doi.org/10.1007/s13131-018-1283-4
https://doi.org/10.1016/j.marpolbul.2004.07.008
https://doi.org/10.1016/j.marpolbul.2004.07.008
https://doi.org/10.1029/2008GB003439
https://doi.org/10.3354/meps268031
https://doi.org/10.1016/s0378-4347(00)00603-4
https://doi.org/10.1007/s13131-018-1282-5
https://doi.org/10.1007/s13131-018-1282-5
https://doi.org/10.1016/j.jmarsys.2004.11.002
https://doi.org/10.1007/978-94-011-0289-6
https://doi.org/10.1016/j.pnsc.2008.10.005
https://doi.org/10.1016/j.pnsc.2008.10.005
https://doi.org/10.15666/aeer/1503_241252
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0175
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0175
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0175
http://refhub.elsevier.com/S1018-3647(19)31800-2/h0175
https://doi.org/10.2112/SI83-022.1
https://doi.org/10.3321/j.issn:0029-814X.2005.06.002
https://doi.org/10.3321/j.issn:0029-814X.2005.06.002

	Phytoplankton community structure during monsoon transition period in the Lembeh strait of north Sulawesi, Indonesia
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Environmental factors
	3.2 Composition and distribution of photosynthetic pigments
	3.3 The abundance and spatial distribution of phytoplankton groups
	3.4 Composition and distribution of phytoplankton community

	4 Discussion
	4.1 Environmental factors effects
	4.2 The significance of cyanobacteria in monsoon transition period
	4.3 Comparison of different periods

	Declaration of Competing Interest
	ack14
	Acknowledgements
	Declaration of Competing Interest
	References


