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1. Introduction 
The western waters of North-Sumatra, based on its 

location, strongly influenced by the Asian Monsoon 
system (Wyrtki, 1961; Tomczak et al., 2001; Chang et al., 
2006). The Asian Monsoon is the world's biggest weather 
system, and it plays a significant role in large-scale climate 
variability over large part of the world. The Asian 
monsoon system driven by reversal heating between the 
northern and southern hemispheres, and is associated 
with the atmospheric interactions between the Asian 
continent and the ocean (Indian Ocean and Pacific Ocean) 
(Webster, 2006; Chang et al., 2006; Trenberth et al., 2006; 
Gordon et al., 2016). Asian monsoon has two periods 

based on the summer (dry) and winter (wet) seasons that 
occur in the Asian continent. The Asian summer monsoon 
generally begins in June and fades away in October, while 
the Asian winter monsoon starts in December and fades 
away in April (Tomczak et al., 2001). There are transitional 
periods between them, namely the onset monsoon of 
Asian summer (May) and the onset monsoon of Asian 
winter (November) (Wyrtki, 1973; Tomczak et al., 2001). 

The onset monsoon of Asian winter is the transitional 
period from the Asian summer monsoon to the Asian 
winter monsoon (Tomczak et al., 2001). The onset 
monsoon of Asian winter is stronger and has a longer 
duration than the onset monsoon of Asian summer 
(Mardiansyah et al., 2014; Chang et al., 2006). During the 
onset monsoon of Asian winter, the winds on the Indian 
Ocean equator dominated by the westerly wind (Wyrtki, 
1973). This wind drives the formation of the jet-like 
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current in the equator that flows eastward at high speed, 
about 64 cm/sec (Wyrtki, 1973; Schott & McCreary, 2001; 
Duan et al., 2016; Prerna et al., 2019). Mardiansyah et al., 
(2014) found that the jet spread along the equator from 
east of about 50°E up to the eastern boundary of the Indian 
Ocean. When the equatorial jet current reached the 
western waters of Sumatera, the current separated into 
three directions (Mardiansyah et al., 2014). The first flows 
back to the Indian Ocean as Rossby waves. The second 
flows southeasterly along the western waters of Sumatra 
and southern waters of Java, while the third flows 
northerly along western waters of North-Sumatera 
toward the Bay of Bengal. The latter will meet with the 
current from the Andaman Sea in the western waters of 
North-Sumatera. Hence, the onset monsoon of Asian 
winter, through an Equatorial Jet current, will affect both 
the physical and chemical characteristics of the western 
waters of North-Sumatera. 

Changes in the marine environment due to monsoon 
dynamics are known to affect the distribution and 
abundance of marine organisms, especially plankton. 
Kadim et al., (2018) stated that the highest abundance of 
phytoplankton (cell size > 25 µm) in Gorontalo Bay 
occurred at east monsoon (July), compared to the west 
monsoon (May) and transition period (June). Khasanah et 
al., (2013) found that the nitrate, phosphate, silicate, 
organic matter, and chlorophyll, in the Bali Strait, were 
higher at the transition period (November) than the west 
monsoon (February). It followed with a higher abundance 
of phytoplankton (cell size > 20 µm) at the transition 
period (51.405 cells/L) than the west monsoon. Ye et al., 
(2020) found that the phytoplankton community during 
the monsoon transition period in the Lembeh Strait is 
mainly affected by nutrient and showed lower abundance 
than the Southeast monsoon period (Tang et al., 2018). 
Schalk (1987) also found that the zooplankton (body size 
>320 µm and > 5 mm) abundance during southeast 
monsoon was higher than the northeast monsoon period. 

Plankton is an organism that drift freely in the waters 
and roles as the base of the food chain in the marine 
ecosystem. The group of phytoplankton produces organic 
carbon compounds through photosynthesis, which is the 
primary food source for almost all organisms in the ocean. 
The synthesis rate of organic compounds by 
phytoplankton is estimated to half of the total global net 
primary productivity, around 40-60 PgC/year (Falkowski 
et al., 2000). Indian Ocean accounts of 15-20 % of total 
global ocean net primary productivity (Behrenfield & 
Falkowsky, 1999). The primary consumer of 
phytoplankton are zooplankton. They act as a trophic link 
between phytoplankton and the higher trophic levels such 
as fish. Hence, the distribution of plankton in the waters 
can describe the productivity of an aquatic ecosystem. 

The distribution of plankton in the waters influenced 
by environmental factors, such as temperature, salinity, 
currents, nutrients, and light. Various studies have shown 
that environmental changes can affect the growth of 
plankton (Loiterton et al., 2004, Betsill et al., 2011; Chen 
et al., 2015). Silubun et al., (2015) found that the sea 
surface temperature in the western waters of Sumatra 
during 2002-2011 averaged 27.3 °C with chlorophyll 
concentration of 0.3 mg/m3. However, when the positive 
Indian Ocean Dipole mode took place in 2006, sea surface 
water decreased to 25.97 °C, and chlorophyll levels 
increased to 1.13 mg/ m3. Changes in temperature and 

nutrients can affect the rate of photosynthesis and 
phytoplankton productivity (Schabhüttl et al., 2013; Chen 
et al., 2015). Also, changes in temperature can affect the 
metabolic rate and digestion of zooplankton (Loiterton et 
al., 2004; Betsill et al., 2011).  

Environmental changes that include physical and 
chemical dynamics, as they are known to affect the 
distribution and abundance of planktonic organisms, are 
very relevant to be observed, especially to reveal the 
dynamics of waters at small and medium scale. The 
observed variables are the plankton community and 
water quality. This study aims to determine the plankton 
community in the western waters of the North-Sumatra 
during the onset monsoon of Asian winter. Analysis of 
plankton community based on the abundance, diversity, 
evenness, and similarity of community. Parameters of 
water quality were also measured, such as temperature, 
salinity, and nutrient distributions (phosphate, nitrate, 
and silica). Thus, it can be examined the correlation 
between nutrient, physical factor, and the dynamics of the 
structure of the plankton community in the western 
waters of North - Sumatra during onset monsoon of Asian 
winter. 

2. Materials and Methods 

2.1 Study Site  

This study was conducted in the western waters of 
North-Sumatera in November - December 2017, coincided 
with the northeast winter monsoon. Plankton and water 
samples were taken at fifteen (15) locations as shown in 
Table 1 and Figure 1 using research vessel Baruna Jaya VIII, 
belonging to Indonesian Institute of Sciences (LIPI). This 
study was part of the Widya Nusantara Expedition 2007 
hold by Research Center for Oceanography – LIPI. 

2.2 Plankton identification 

In this study, we investigated the plankton with the 
body size above 80 µm for phytoplankton and above 300 
µm for zooplankton. Plankton samples were collected 
using a twin plankton net equipped with a flow meter 
(TSK) for recording the amount of filtered water. The mesh 

Table 1. Coordinates of sampling stations 

Stations Longitude (°E) Latitude (°N) 

1 94,9922 5,1148 

2 94,7312 4,7822 

3 94,4654 4,4464 

4 94,2507 4,1240 

5 95,6166 3,7028 

6 95,3489 3,3049 

7 95,0938 2,9586 

9 96,3145 3,4601 

10 96,1584 3,2390 

11 95,9712 2,9904 

12 96,8944 3,3780 

13 96,6177 3,0012 

14 96,3950 2,7235 

15 96,6888 2,3953 

16 96,8802 2,6751 
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size of the plankton-net used was 80 µm for 
phytoplankton and 300 µm four zooplankton, which is 
according to plankton-net specification of Kitahara-Net 
and NORPAC-Net (North Pacific Standard Plankton Net) 
(Thoha & Rachman, 2013; Hirai et al., 2015; Thoha, 2019; 
Rachman, 2019). Plankton-net was lowered to a 
maximum depth of 500 meters and then hauled vertically 
to the surface at a speed of 2 knots. Plankton samples were 
stored in the sample bottles (250 ml) and then added with 
4% formalin as preservative. Samples were then identified 
at the Plankton Laboratory, Research Center for 
Oceanography, Indonesian Institute of Sciences. Plankton 
was observed and identified under a microscope using the 
Sedgwick Rafter Counting Chamber (SRCC) for 
phytoplankton and Bogorov counting plate for 
zooplankton. Identification and differentiation of 
plankton taxonomic groups were carried out by 
morphological observations based on several references 
such as Yamaji (1976), Wickstead (1965), and Newell et al., 
(1963). 

2.3 Environmental parameters determination 

Environmental parameters observed in this study 
include nutrients, seawater, temperature and salinity. 
Seawater samples for nutrient analysis were collected in 
500 ml polyethylene bottles and filtered immediately 
using cellulose acetate membrane with a porosity of 0.45 
µm. The filtrates were then placed into a 15 ml 
polypropylene tubes and preserved with 100 µl solutions 
of saturated HgCl2. The sample bottles and tubes were 
cleaned with 1 M HCl solution and rinsed with Milli-Q 
water prior to sample collection. Samples for nutrient 
analysis were kept frozen in the dark until analysis at 
Marine Biogeochemistry Laboratory, Research Center for 
Oceanography, Indonesian Institute of Sciences. Nutrients 
including orthophosphate (PO4), nitrate (NO3), and silicate 
(SiO4) were determined simultaneously using a Skalar 
SAN ++ Autoanalyzer (Grasshoff et al., 1999). On the other 
hand, seawater temperature and salinity were measured 
in-situ using CTD (conductivity, temperature, and depth) 
SBE 911 – Plus. 

2.4 Data analysis  

By using the obtained data of plankton identification, 
the structure and of plankton community including 
abundance, diversity, evenness, and similarity were 
examined as follows: 

2.4.1 Absolute abundance  

Absolute abundance was determined by equation (1) 
(Heip et al., 1998): 

𝑁 = ∑ 𝑆𝑖=1𝑁𝑖 (1) 

where N is the total abundance of plankton per m3, Ni is 
the abundance of individual species per m3, and S is the 
number of species in the community. 

2.4.2 Relative Abundance  

Relative abundance was determined by equation (2) 
(Cox, 1976; Heip et al., 1998)  

𝑃𝑖 =
𝑁𝑖

𝑁
 (2) 

where pi is the relative abundance of species i (%), Ni is the 
number of individual species per m3, and N is the total 
abundance of plankton per m3. 

2.4.3  Diversity  

The diversity of plankton community determined by 
equation (3) (Shannon, 1948; Spellerberg et al., 2003):  

𝐻′ = − ∑ 𝑃𝑖
𝑆
𝑖=1 . 𝑙𝑛 𝑃𝑖 (3) 

where H’is Shannon index value, pi is proportion of 
individual found in the ith species, and S is the number of 
species in the community. 

2.4.4 Evenness  

Evenness of community was determined by following 
formula (Pileou, 1966):  

𝐽′ =
𝐻

𝐻𝑚𝑎𝑥
 (4) 

 

 
Figure 1. Maps of the study area and sampling locations in the western waters of North Sumatera 
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where J’ is the Pielou’s index of evenness, H’ is the 
shanoon’s index, and Hmax is the maximum of H’. 

2.4.5 Similarity  

Similarity of communities was determined by Bray-
Curtis method and used to cluster the plankton 
communities. Clustering was conducted using software 
BioDiversity Pro. Ver. 2.0. Similarity index was measured 
by the following formula (Bray-Curtis, 1956): 

𝐼𝑆 = 1 −
2𝑊

𝑎+𝑏
100% (5) 

where IS is the similarity index of Bray Curtis, W is the 
number of species in community a and b, a is the number 
of species in community a, and b is the number of species 
in community b. 

2.4.6 Temperature – salinity diagram 

The diagram of temperature – salinity generated using 
Ocean Data View (ODV) Ver. 5.1.7. The identification of 
water masses types in the study area based on the water 
characteristics of temperature, salinity, and density of the 
global water masses list (Emery, 2003; Makarim et al., 
2019). 

2.5 Principal component analysis 

We used the Principal Component Analysis (PCA) to 
examine the influence of environmental parameters on 
the plankton community. The PCA was conducted using 
the statistical software, namely PAST Ver. 4.02. 

3. Results 

3.1 The plankton community structure  

Our study showed that there were 30 genera of 
phytoplankton in the western waters of North-Sumatra. 
Twenty of them were the diatom class (Bacillariophyceae) 

while ten other genera were dinoflagellate class 
(Dinophyceae). Diatoms dominated the phytoplankton 
community with a proportion of 96% while the 
dinoflagellates were only 4%. Phytoplankton distributed 
with an average abundance of 19,041 ± 26,768 cells/m3 

and ranged from 302 to 96,329 cells/m3 (Figure 2). 
Thallasionema of the diatom class was the most abundant 
genus, ranged from 163 to 87,815 cells/m3. 

Forty-four groups of Zooplankton were also identified 
in this study. The zooplankton abundance ranged from 71 
to 282 individuals/m3 with an average of 123 ± 60 
individuals/m3. The lowest abundance was found at 
station 4 (71 individuals/m3) and station 7 (71 
individuals/m3), while the highest was at station 1 (282 
individuals/m3). The zooplankton community was 
dominated by the Calanoida group. Figure 3 shows that 
Calanoida has a highest abundance and ranged from 37 to 
125 individuals/m3.  

The diversity levels of phytoplankton species in the 
western waters of North-Sumatra were low (H’<1) to 
moderate (1<H’<3.3) (Krebs, 1989). Shannon's index 
values ranged from 0.49 to 2.12, with an average of 1.58 ± 
0.47 (Figure 4). The lowest diversity was found at station 
11 (0.49), and the highest was at station 2 (2.12). The 
zooplankton diversity index ranged from 1.22 to 2.15 with 
an average of 1.75 ± 0.23. The lowest diversity was found 
at station 7 (1.22) and the highest was at station 1 (2.15). 
The average evenness of the phytoplankton community 
was 1.75 ± 0.3 ranging from 1.22 - 0.98 (Figure 4). Station 
with the highest evenness was Station 14 (0.98), and the 
lowest was Station 12 (0.17). The zooplankton evenness 
index ranged from 0.38 to 0.64 with an average of 0.53 ± 
0.069. The lowest evenness was found at station 7 (0.38) 
and the highest was at station 9 (0.64). 

Figure 4. Index of diversity, abundance, and evenness 
of the plankton community in the western waters of 
North-Sumatra (Brown line: Phytoplankton; Blue line: 
Zooplankton).  

 

 
Figure 2. The ten most dominant phytoplankton in the western waters of North-Sumatra 

 

 
Figure 3. The ten most zooplankton community in the western waters of North-Sumatra 
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Figure 5 shows the distribution of phytoplankton and 
zooplankton in the western waters of North-Sumatra. The 
average ± SD of similarity index of the phytoplankton 
community was 31.7% ± 23.40 (Figure 6). The 
phytoplankton community formed eight different 
community groups based on the minimum similarity of 
70% (Figure 6). Despite their random pattern, the eight 
groups were divided into two main groups with 6.8% 
similarity (Figure 6). The first group (A, B, C, D, E) is more 
distributed in the open sea area, while the second group 
(F, G, H) is more distributed in the waters between 
Sumatra and Simeulue Island (Figure 5(a)). The 
zooplankton community was divided into three groups, 
namely groups A, B, and C (Figure 7). Group A (stations 8, 
11, 12, 15) was distributed between Sumatra and 
Simeuleu Islands. The individual number was increasing 
with decreasing distance to Sumatera Island. Group B was 
distributed within the open seas. It was the most widely 
distributed group, including stations 2, 3, 4, 5, 6, 7, and 9 
(Figure 5). Group C consisted of 4 stations, namely stations 
1, 10, 13, and 14. This group was distributed on the eastern 
part of Simeuleu Island and located near the coastline 
(Figure 5(b)). 

3.2 Spatial patterns of plankton community, 
nutrients, temperature, and salinity  

Spatial analysis of the plankton community structure 
in the western waters of North-Sumatra showed a 
gradation pattern seaward (Figure 8). It means, the 
plankton abundance, both phytoplankton and 
zooplankton, increase gradually shoreward. In addition, 
spatial patterns of diversity and evenness were generally 
consistent, both phytoplankton and zooplankton, where 
stations with high diversity were associated with high 
evenness. It proofed by the high correlation between the 
diversity and evenness, both phytoplankton (r = 0.79) and 
zooplankton (r = 0.93) (Table 2). The spatial distribution of 
the diversity and evenness of phytoplankton increased 
seaward (Figure 8). Accordingly, high abundance of 
phytoplankton did not correspond to high diversity and 
evenness. On the other hand, the abundance of 
zooplankton which was higher nearshore conformed to its 
diversity and evenness. Based on spatial distribution 
(Figure 8), phytoplankton was more concentrated in two 
locations, namely stations 1 and 11. At station 1, high 
abundance of phytoplankton was associated with high 
levels of phosphate, nitrate, and silicate. In contrast, high 

 

 
Figure 4. Index of diversity, abundance, and evenness of the plankton community in the western waters of North-Sumatra (Brown 
line: Phytoplankton/Blue line: Zooplankton) 

 

 
(a) (b) 

Figure 5. Distribution of phytoplankton (a) and zooplankton (b) community groups in the western waters of North-Sumatra 
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abundance of phytoplankton at station 11 did not 
correspond to nitrate, phosphate, and silicate levels. 
Additionally, high abundance of phytoplankton as a 
potential food source did not correspond to zooplankton 
either in station 11 (Figure 8).  

Nutrient distribution was inconsistent between north 
part and south part regions of the study area. Phosphate, 
nitrate, and silicate levels were relatively higher at the 
north part than that of the south part. A low level of 
silicate in the south part region was observed at station 11 

and 12. Temperature and salinity characteristics were also 
dissimilar between the north and south parts. It may  
indicate that there were two different water masses 
among the north and the south regions. According to the 
N: P ratio, nitrogen was the limiting factor for 
phytoplankton growth (N:P < 16:1). The average values of 
the N:P ratio were 7.2 ranging between 6.1 and 10.7. North 
parts of study area has a relatively lower and more 
homogenous N:P value than the south does (Figure 8).  

 
Figure 6. Dendrogram of the phytoplankton community in the western waters of North-Sumatra 

 

 
Figure 7. Dendrogram of the zooplankton community in the western waters of North-Sumatra 
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4. Discussions 
The micro-phytoplankton (cell size > 80 µm) 

community in the western waters of North-Sumatra 
dominance by diatom class with a proportion of 96% 
(Figure 9). Diatom dominance is found in many places in 
Indonesian waters. For instance, diatoms accounted for 
>90 % in the Gulf of Gili Manuk (size >80 µm) (Thoha, 
2007), 96 % in Bangka Belitung (size >80 µm) (Thoha, 
2004), >96.1 % in Banggai (size >80 µm) (Thoha et al., 
2013), Lembeh Strait (size >80 µm) (Thoha et al., 2019), 
Jakarta Bay (size >20 µm) (Sidabutar et al., 2016), and >50% 
in Sangihe-Talaud (size >20 µm) (Sriwijayanti et al., 2019). 
Uitz et al., (2010), stated that the microplankton group is 
dominated by the diatom and dinoflagellate groups, while 
the picoplankton is dominated by the cyanobacteria group. 
However, based on primary production, micro-
phytoplankton contributes only 32 % of the total global 
ocean primary production.  

The smaller phytoplankton, namely 
nanophytoplankton (2-20 µm), contributes up to 44 %, 
while picophytoplankton (< 2 µm) contributes 24 % (Uitz 
et al., 2010). Diatom has higher competitiveness, 
endurance, and reproduction rates than dinoflagellates 
(Odum, 1998). The diatoms can absorb phosphate three 
times faster (0.5 μmol/day) than dinoflagellates can (0.17 
µmol/day) (Litchman et al., 2006). For nitrate and 
ammonium, the absorption rate by diatoms is ten times 
higher than that of dinoflagellates (Litchman et al., 2006). 
The ability of diatoms in nutrient uptake makes them 
superior competitors for nutrients when nitrogen is 
limited. Therefore, the diatom growth rate (1.47/day) is 
higher than dinoflagellates (0.52/day) (Odum, 1998 & 
Litchman et al., 2006). 

Plankton (phytoplankton and zooplankton) 
distribution in the western waters of North-Sumatra 
showed a gradual change seaward. Plankton abundance 
was decreasing seaward (Figure 8). This distribution 
pattern seemed to be associated with the distribution of 
nutrients which is relatively higher near coastal areas 
compared to the open sea (Ara et al., 2009). Nutrients 
content in coastal areas mainly influenced by terrestrial 
factors. The occurrence of upwelling, anthropogenic 
activities, and input of various materials from the rivers 
increased nutrients in the coastal waters (Wyrtki, 1962; 
Valiela et al., 1992; D’Elia et al., 2011; Silubun et al., 2015). 
High nutrient levels in the waters increased the growth 
rate of phytoplankton (Berdalet et al., 1996 & Carter et al., 
2005). The high abundance of phytoplankton 
subsequently becomes an abundant food source for 
zooplankton. Therefore, the abundance of zooplankton in 
the western waters of North-Sumatra was also high near 
the Sumatera coastline. 

Although the abundance of plankton was high near the 
Sumatera coastline, it did not followed by the high 
diversity and evenness of plankton (Figure 8). This 
happened since high nutrient levels only benefit certain 
types of phytoplankton, especially phytoplankton groups 
with high nutrient uptake ability, such as diatoms 
(Litchman et al., 2006). This study confirms that the most 
dominant diatom species was Thallasionema. High 
nutrient input from the land may support the high 
population of plankton in stations 1 and 11. The presence 
of Thallasionema indicates aquatic system condition with 
high productivity (Schrader et al., 1990). However, 
diatoms groups do not always get benefit from the 
availability of nutrients. In low N level conditions, 
cyanobacteria often get benefit and dominates as they can 

Table 2. Matrix correlation (Spearman’s Correlation) between plankton and environmental factors 

 Abundance of 
Zooplankton 

Diversity of 
Zooplankton 

Evenness of 
Zooplankton 

Abundance of 
Phytoplankton 

Diversity of 
Phytoplankton 

Evenness of 
Phytoplankton 

Abundance of 
Zooplankton 

1.00      

Diversity of 
Zooplankton 0.51 1.00     

Evenness of 
Zooplankton 0.34 0.93 1.00    

Abundance of 
Phytoplankton 0.54 0.31 0.24 1.00   

Diversity of 
Phytoplankton -0.46 -0.15 0.05 -0.68 1.00  

Evenness of 
Phytoplankton 

-0.39 -0.11 -0.06 -0.90 0.79 1.00 

       

N 0.04 -0.03 0.14 0.19 0.33 -0.10 

P -0.09 0.05 0.20 0.07 0.49 0.07 

Si 0.10 0.23 0.35 -0.22 0.29 0.22 

N : P 0.50 -0.03 -0.23 0.39 -0.62 -0.41 

Temperature 0.46 0.18 0.16 0.10 -0.19 -0.14 

Salinity -0.22 -0.16 -0.06 -0.24 0.12 0.15 

       

Value (+ / -) 0 0 < 1.9 2.0 < 3.9 4.0 < 5.9 6.0 < 7.9 8.0 < 1.0 

Color       

Correlation No Correlation Very Weak Weak Moderate Strong Very Strong 
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fix N from the air (Domingues et al., 2005; Yurkovskis et 
al., 1999). The dominance of a particular type of 
phytoplankton can hamper the other types to obtain food 
resources. Therefore, diversity is often relatively low in 
aquatic ecosystem with high population of phytoplankton. 

 The plankton (both phytoplankton and zooplankton) 
community in the western waters of North-Sumatera 
generally divided into two main groups. The first group 
mostly distributed in the open sea region (the north part 
of the study area), and the second group mostly 

 
Figure 8. Spatial distribution of plankton community, nutrients, temperature, and salinity 
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distributed in the area between Sumatera and Simeuleu 
island (the south part of the study area). The similarity 
index of the zooplankton community between the first 
and the second groups was 57%. Even the similarity index 
of the phytoplankton community between the first (open 
sea) and second (Sumatera-Simeuleu) group was only 
6.8 %. The disparity in the plankton community structure 
between the two regions was in agreement with the 
spatial distribution of nutrients. The spatial distribution of 
nutrients showed that the north parts of the area study 
was relatively higher than in the south (Figure 8). 
Presumably, this disparity of the plankton community 
was mainly influenced by the combination of terrestrial 
nutrient input from Sumatera and Simeuleu Island. 
However, the spatial distribution of nutrients showed that 
the south parts of the study area were relatively lower 
than in the north. Therefore, further analysis was 
conducted involving other factors that may have a 
stronger influence on the disparity of the plankton 
community in the two regions. The Principal Component 
Analysis (PCA) showed that temperature and salinity have 
a stronger influence on the abundance of the 
phytoplankton and zooplankton than N, P, and Si (Figure 

10). In the biplot, the temperature variable located 
relatively closer to the variables of phytoplankton and 
zooplankton abundance (same quadrant), while the 
salinity located in the opposite position (opposite 
quadrant). It means that the temperature has a positive 
influence on the abundance of plankton, while salinity 
was negative.  

The in-situ measurement of environmental 
parameters using CTD (Conductivity, Temperature, and 
Depth) sensors showed that the northern and southern 
parts of the study area have different temperature and 
salinity characteristics. Emery (2003) stated that there are 
five types of water masses in the upper layer (0-500) of 
the Indian Ocean, namely Bengal Bay Water (BBW), 
Arabian Sea Water (ASW), Indian Equatorial Water (IEW), 
Indonesian Upper Water (IUW), and South Indian Central 
Water (SICW). These water masses have different 
characteristics of temperature, salinity, and density. 
Spatial distribution of temperature and salinity, in the 
upper waters (0 to 500 m) of study area, showed that 
north parts of area study have lower temperatures than 
the south (Figure 8). The diagram of temperature and 
salinity (T-S diagram) showed there are two main types of 
water mass in the area study, namely Bengal Bay Water 
(BBW) and Indian Equatorial Water (IEW) (Figure 11). The 
BBW has characteristic of temperature of 25-29 °C, 
salinity 28 – 35 PSU, and density of 21-23 𝜎𝜃 (Emery, 2003; 
Makarim et al., 2019). The IEW has characteristic of 
temperature of 8 to 23 °C, salinity of 34.6 – 35 PSU, and 
density of 23.5 – 27 𝜎𝜃 . During the transition period of 
monsoon, the equatorial jet current divided into three 
directions when reached the western water of Sumatera. 
One of them flows northerly along the western water of 
Sumatera toward Bengal Bay and meets the Andaman Sea 
current at the western waters of North-Sumatera 
(Mardiansyah et al., 2014). Sugianto et al., (2007) stated 
that the western waters of Sumatra are the encounter area 
of the Andaman Sea waters from the North and Indian 
Ocean waters from the equator. Bengal Bay and the 
Andaman Sea have oceanographic connections due to 
their close proximity, and they are influenced by branches 

 
Figure 9. Diatom and dinoflagellate proportions 

 

 
Figure 10. Principal Component Analysis (PCA) 
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of the Equatorial Current system (Varkey et al., 1996). We 
assumed that water mass characteristics in the northern 
parts of the study area reflect the characteristic of Bengal 
Bay Water. Meanwhile, in the south part reflect the 
characteristics of the Indian Equatorial Water that flows 
along West Sumatera. The confluence of the two currents 
causes changes of various water characteristics in the 
western waters of Sumatra, including temperature, 
salinity, and nutrients between the north and the south 
parts of area study. The changes in water characteristics 
will subsequently generate different plankton 
communities between the north and the south parts of the 
study area. 

An interesting phenomenon occurred at station 11 
where the phytoplankton was abundant while nutrients 
as its nourishment were relatively low (Figure 8). This 
phenomenon may indicate that nutrients were used up by 
Thallasionema. In addition, the growth phase of the 
Thallasionema population had reached the peak phase or 
it was in transition from the stationary phase to the death 
phase. This indication underpinned by the data of the 
phytoplankton abundance that reached 87,815 cells / m3, 
which is two times higher than it was at Station 1. Such 
conditions have an impact on the high utilization of 
nutrients, especially silica by Thallasionema. It was 
evidenced by spatial distribution of nutrients showing 
that silica content at station 11 was relatively lower 
among other stations. Previous study which was 
conducted by Saito et al. (2006) also found the fact that 
diatom bloom was in the stationary phase when silicate 
content was very low. As a diatom, Thallasionema 
requires silica as the main element in the formation of cell 
walls (Noll et al., 2002). Phytoplankton growth peak 
occurs when phytoplankton has passed the stationary 
phase where the availability of nutrients is no longer 
sufficient to meet the needs. At this stage, phytoplankton 
population begins to enter the death phase 
(death/declining phase) (Saito et al., 2006).  

5. Conclusion 
The study showed that the microphytoplankton 

community in the western waters of North-Sumatera, 
during the onset monsoon of Asian winter, was dominated 
by Thallasionema (diatom) while the zooplankton was 
dominated by Copepoda. The plankton community 

formed two main groups. The first group was 
concentrated in the open sea region (north part of the 
study area), and the second group was concentrated in the 
waters between the Sumatera and the Simeuleu island 
(south part of area study). The disparity between those 
two groups of plankton communities was mainly 
influenced by the temperature and salinity of water mass. 
The diagram of temperature and salinity (T-S diagram) 
showed there are two main types of water mass in the 
area study, namely Bengal Bay Water (BBW) and Indian 
Equatorial Water (IEW). We assumed these water 
characteristics subsequently generate different plankton 
communities between the north and the south parts of the 
study area. For future study, we recommend using a 
plankton net with mesh size below 80 mm to get the 
smaller phytoplankton (nanoplankton) which has higher 
contributions to global ocean primary production. 
Furthermore, the in-situ analysis of chlorophyll is also 
recommended to conduct in future studies. It is important 
to get a comprehensive understanding of the effect of the 
monsoon dynamic on primary production in the western 
water of North-Sumatera. Especially, under the issues of 
fisheries, biodiversity, and climate change.  
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