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INTRODUCTION 

Marine pollution is a common issue in In-
donesia’s archipelago, particularly in the coastal 
zone, where the dynamic and change in water 
quality parameters vary depending on the source 
intake, season, and oceanographical states (Wisha 
et al., 2022). The increase in the industrial regions 
and the anthropogenic activities in many capital 
cities contributes to the increase in marine pollu-
tion cases (Qu et al., 2018). Many scholars have 

reported the impact of water quality degradation 
on marine biota and coastal ecosystems (Ondara 
et al., 2019; Rudi et al., 2012; Wisha et al., 2018, 
2021; Wouthuyzen et al., 2015). Therefore, regu-
lar monitoring and studies are necessary to con-
trol the pollution level in a water area. 

Aceh Province, situated on the northernmost 
tip of Sumatra Island, is well-known for its mes-
merizing scenery and marine tourism. However, 
aside from Banda Aceh City, coastal pollution is 
recently reported in the East Aceh Regency due 
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to increased urban development in the coastal 
area (Kasmini & Batubara, 2023; Rahmadi et al., 
2023). Many rivers and estuaries throughout East 
Aceh Regency periodically supply anthropogen-
ic-sourced wastes, resulting in pollutant accumu-
lation in the coastal area. Moreover, significant 
developments, such as the settlement and indus-
trial area in the coastal zone, also contribute to 
local water quality degradation. 

On the other hand, East Aceh Regency is di-
rectly bordered by the Malacca Strait, where the 
ocean circulation from the Indian Ocean and Ben-
gal Bay significantly controls the water motion in 
the coastal area (Koropitan et al., 2021). This cir-
culation relates to the distribution of anthropogenic 
wastes in marine ecosystems (Wisha et al., 2022). 
Since the water quality parameters in the coastal 
zone are easily degraded depending on seasons 
and hydro-oceanographical conditions (Cho et al., 
2020), seasonal monitoring is crucial to determine 
the pollution level in East Aceh Regency. 

Aside from direct surveys in water qual-
ity conditions, phytoplankton abundance is a 
biological parameter that can be a bio-indicator 
determining the pollution level (Villanoy et al., 
2011). Phytoplankton is a marine autotroph biota 
that is imperative to support the food chain as 
the primary producer in the ocean (Yusuf et al., 
2021). Meanwhile, phytoplankton is also sensi-
tive to changes in water environmental condi-
tions, whereby a slight degradation in water qual-
ity could impact the decrease of phytoplankton 
communities (Purnamaningtyas et al., 2018). 
Thus, determining the abundance of phytoplank-
ton could reflect the water condition. 

Studies revealing the seasonal characteristics 
of phytoplankton communities in East Aceh Re-
gency are not clearly elucidated, whereby Balqis et 
al. (2021) only surveyed the phytoplankton abun-
dance and communities in one coastal village and 
only considered the mangrove area. On the other 
hand, the primary environmental factor determin-
ing the characteristics of phytoplankton commu-
nities has never been assessed. A previous study 
only examined the water quality in one or two 
rivers in the East Aceh Regency (Rahmadi et al., 
2023). Therefore, determining the phytoplankton 
communities and water quality status is crucial for 
environmental monitoring. Furthermore, since the 
rapid urban development in the coastal area takes 
place in East Aceh Regency, the high accumula-
tion of anthropogenic wastes in the coastal zone 
will increase the potency of nutrient pollution and 

enrichment, and these aspects should be investi-
gated. As such, this study aims to determine the 
seasonal water quality status and nutrient pol-
lution and their influence on shaping the phyto-
plankton communities throughout the East Aceh 
Regency coastal area. Aside from examining the 
actual environmental condition, this study is also 
expected to be a basis for further local regulation 
regarding coastal pollution and management. 

MATERIALS AND METHODS

Study site and data collection

This research was conducted in the Aceh 
Timur coastal waters, Aceh Province, Indonesia 
(Figure 1). Generally, Aceh Timur Regency is 
characterized by lowland, hilly areas, swamps, 
and mangrove forest, with an elevation of about 
0−308 m above sea level. The topographical con-
dition of this region is divided into four classes: 
0–2%, 2–15%, 5–40%, and >40%. Industrial ac-
tivities in the surrounding coastal zone led to en-
vironmental degradation due to increased anthro-
pogenic waste. Therefore, a water quality assess-
ment is necessary to study its seasonal patterns in 
the Aceh Timur coastal area. 

The primary data was collected using stratified 
sampling (Wisha et al., 2016). Sampling was con-
ducted twice, from 22 to 26 April and 15 to 19 Sep-
tember 2015, at eight stations, focusing on Madat 
(station 1), Simpang Ulim (station 2), Arakundo 
(station 3), Geuleumpang (station 4), Peureulak 
(station 5), Parek (station 6), Bayeun (station 7), 
and Lebuk Buni (station 8) (Figure 1). The primary 
data were obtained directly in the field measured 
using a water quality checker TOA DKK (tem-
perature, depth, transparency, conductivity, pH, 
dissolved oxygen, and dissolved organic matter) 
(Kusumaningtyas et al., 2014) and the other chem-
ical and biological parameters were analyzed in the 
laboratory (nutrients and phytoplankton). 

In addition to the field survey, samplings were 
conducted during the same tidal conditions (the 
displacement toward ebb tides), when the coastal 
water elevation was getting lower than the river, 
and the river-sourced pollutant distribution took 
place in the study area. Thus, we could precisely 
compare the sampling results during the same tid-
al conditions (Ondara et al., 2019). For the April 
survey, the sampling was conducted at the end of 
the spring tidal condition, while in September, 
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Figure 1. Study site and sampling stations

Figure 2. Tidal prediction during field survey in April (a) and in September (b)
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the sampling was conducted in the middle of the 
spring tidal phase (Figure 2). 

Phytoplankton samples were taken on the wa-
ter’s surface, which was withdrawn for 10 minutes 
at a constant speed. Phytoplankton were collected 
using a 76 µm phytoplankton net. The plankton 
samples obtained were then stored in bottles and 
preserved using 4% formalin. Each plankton net’s 
mouth is equipped with a “flowmeter” to measure 
the volume of water entering the net. Measurement 
of filtered water volume is calculated by the fol-
lowing formula:

𝑉𝑉𝑉𝑉 =  𝑅𝑅𝑅𝑅 × 𝑎𝑎𝑎𝑎 × 𝑝𝑝𝑝𝑝 

 

𝑁𝑁𝑁𝑁𝑓𝑓𝑓𝑓 = 𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 × 𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓 

 

𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 =
𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓

𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓 × 𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
×
𝑉𝑉𝑉𝑉2
𝑉𝑉𝑉𝑉1

×
1
𝑉𝑉𝑉𝑉𝑓𝑓𝑓𝑓

 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = ��
𝑘𝑘𝑘𝑘
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖
� × 𝑉𝑉𝑉𝑉𝑟𝑟𝑟𝑟 

 

𝑧𝑧𝑧𝑧 =
(𝑦𝑦𝑦𝑦 − �̅�𝑥𝑥𝑥)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 

(1)

where: V – filtered water volume (m3);   
R – Number of rotations of the flowmeter 
vanes;       
a – area of the mouth of the net;   
p – the length of the water column (m) 
traveled for one rotation.

On the other hand, water samples for nutrient 
analysis were placed in a labeled bottle. The N 
and P compounds were prepared by adding four 
drops of H2SO4. In addition to P-nutrient analysis, 
the preparation was done without pickling (Wisha 
et al., 2018). The prepared samples were covered 
using aluminum foil and stored in a cool box. 

Phytoplankton analysis

We employed a method proposed by APHA 
(American Public Health Association) in 2005 
to analyze water quality parameters (Purnaman-
ingtyas & Mujiyanto, 2021). The preserved phy-
toplankton samples were then analyzed using a 
Sedgewick Rafter method utilizing a light mi-
croscope with 100 times magnification. Identifi-
cation books were used to identify the types of 
phytoplankton (Boyd, 1990; Davis, 1955; Yam-
aji, 1979). The phytoplankton abundance was es-
timated by employing the “Lackey Drop Micro-
transet Counting” as follows: 

𝑉𝑉𝑉𝑉 =  𝑅𝑅𝑅𝑅 × 𝑎𝑎𝑎𝑎 × 𝑝𝑝𝑝𝑝 

 

𝑁𝑁𝑁𝑁𝑓𝑓𝑓𝑓 = 𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 × 𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓 

 

𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 =
𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓

𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓 × 𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
×
𝑉𝑉𝑉𝑉2
𝑉𝑉𝑉𝑉1

×
1
𝑉𝑉𝑉𝑉𝑓𝑓𝑓𝑓

 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = ��
𝑘𝑘𝑘𝑘
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖
� × 𝑉𝑉𝑉𝑉𝑟𝑟𝑟𝑟 

 

𝑧𝑧𝑧𝑧 =
(𝑦𝑦𝑦𝑦 − �̅�𝑥𝑥𝑥)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 

(2)

𝑉𝑉𝑉𝑉 =  𝑅𝑅𝑅𝑅 × 𝑎𝑎𝑎𝑎 × 𝑝𝑝𝑝𝑝 

 

𝑁𝑁𝑁𝑁𝑓𝑓𝑓𝑓 = 𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 × 𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓 

 

𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 =
𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓

𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓 × 𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
×
𝑉𝑉𝑉𝑉2
𝑉𝑉𝑉𝑉1

×
1
𝑉𝑉𝑉𝑉𝑓𝑓𝑓𝑓

 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = ��
𝑘𝑘𝑘𝑘
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖
� × 𝑉𝑉𝑉𝑉𝑟𝑟𝑟𝑟 

 

𝑧𝑧𝑧𝑧 =
(𝑦𝑦𝑦𝑦 − �̅�𝑥𝑥𝑥)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 

(3)

where: Nf – the abundance of phytoplankton 
(ind/L);       
Ff – correction factor;   
nf – the amount of identified phytoplank-
ton (ind);      

Af – the area of glass cover (mm2);   
af – the wide field of view (mm2);   
Lf – the number of visual fields;   
V1 – one drop of pipette volume (mL);   
V2 – sampled water volume (mL);   
Vf – volume of filtered water in the field 
using a plankton net (L).

Nutrient analysis

Water samples prepared in the field were then 
filtered using a nitrocellulose membrane, with 
pore size and diameter of about 0.45 µm and 47 
mm, respectively. The filtered samples were then 
stored in a refrigerator. The nutrient contents 
were analyzed using a spectrophotometric device 
with a specific wavelength. Nitrate was identified 
by applying a wavelength of 410 nm, whereby 
brucine was also identified. The detection of am-
monia concentration was performed by applying 
a 640 nm wavelength with a range of 0.01 to 0.6 
mg/L. Unlike the previous analyses, nitrites were 
determined within an acidic condition, with pH 
ranging from 2 to 2.5, resulting from the nitrite 
reaction to azo compounds. The scarlet color 
yielded was then analyzed in the spectrophotom-
eter applying a 543 wavelength (Wisha & Mas-
lukah, 2017).

On the other hand, determining phosphate 
concentration was done by applying ascorbic acid 
levels. The primary stage of this analysis is the 
blue phosphomolybdic complex compounds for-
mation. This compound was reduced by ascorbic 
acid to gain a molybdenum complex with blue 
color. The color intensity from the above analy-
sis was detected as the phosphorus concentration. 
The wavelength set for this analysis is 700-880 
nm (Butler, 1984). 

Coastal water quality index assessment 

According to the number of analyzed parame-
ters, it is sufficient to be assessed to determine the 
water quality status in the study area. The water 
quality index is an effective tool for determining 
the water quality status and is easy to understand 
(Gupta et al., 2003). We used the coastal water 
quality index (CWQI) derivation according to 
(Jha et al., 2015) with a slight modification in the 
parameter used for the assessment, as follows:

𝑉𝑉𝑉𝑉 =  𝑅𝑅𝑅𝑅 × 𝑎𝑎𝑎𝑎 × 𝑝𝑝𝑝𝑝 

 

𝑁𝑁𝑁𝑁𝑓𝑓𝑓𝑓 = 𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 × 𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓 

 

𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 =
𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓

𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓 × 𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
×
𝑉𝑉𝑉𝑉2
𝑉𝑉𝑉𝑉1

×
1
𝑉𝑉𝑉𝑉𝑓𝑓𝑓𝑓

 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = ��
𝑘𝑘𝑘𝑘
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖
� × 𝑉𝑉𝑉𝑉𝑟𝑟𝑟𝑟 

 

𝑧𝑧𝑧𝑧 =
(𝑦𝑦𝑦𝑦 − �̅�𝑥𝑥𝑥)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 

(4)
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where: k – constant of proportionality;   
Vi – recommended permissible limit of 
the ith parameter;     
Vr – rating of each parameter (within a 
scale of 0 to 100).

The rating scale is based on the concentration 
parameter as per standard quality. In this case, we 
employed a national water quality standard for 
marine biota established by the Indonesian gov-
ernment, regulation number 22 in 2021 (Table 1). 
Moreover, other standards based on several previ-
ous studies were also considered. After tabulating 
all sub-indices considered in the CWQI, we rank 
the result by comparing it to CWQI ranking crite-
ria, as shown in Table 2. 

Statistical analyses

The statistical analyses used in this study con-
sisted of two stages. The first analysis was stepwise 
regression (Agostinelli, 2002) to examine how 
strong the influence of water quality is in determin-
ing the abundance of phytoplankton. This analysis 

was performed using a statistical program, version 
10, associated with Microsoft Excel. Meanwhile, 
the second analysis was principal component anal-
ysis (PCA) to determine the relationship among 
parameters in each observation station. The num-
ber of factors used in the multi-variable is quanti-
fied based on the cumulative number of representa-
tive roots. The calculation of PCA was performed 
using Past software version 4.03 (Hammer et al., 
2001). The considered variables have different 
units, so they should be standardized beforehand. 
The standardization formula is as follows:

𝑉𝑉𝑉𝑉 =  𝑅𝑅𝑅𝑅 × 𝑎𝑎𝑎𝑎 × 𝑝𝑝𝑝𝑝 

 

𝑁𝑁𝑁𝑁𝑓𝑓𝑓𝑓 = 𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 × 𝑛𝑛𝑛𝑛𝑓𝑓𝑓𝑓 

 

𝐹𝐹𝐹𝐹𝑓𝑓𝑓𝑓 =
𝐴𝐴𝐴𝐴𝑓𝑓𝑓𝑓

𝑎𝑎𝑎𝑎𝑓𝑓𝑓𝑓 × 𝐿𝐿𝐿𝐿𝑓𝑓𝑓𝑓
×
𝑉𝑉𝑉𝑉2
𝑉𝑉𝑉𝑉1

×
1
𝑉𝑉𝑉𝑉𝑓𝑓𝑓𝑓

 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 = ��
𝑘𝑘𝑘𝑘
𝑉𝑉𝑉𝑉𝑖𝑖𝑖𝑖
� × 𝑉𝑉𝑉𝑉𝑟𝑟𝑟𝑟 

 

𝑧𝑧𝑧𝑧 =
(𝑦𝑦𝑦𝑦 − �̅�𝑥𝑥𝑥)
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠

 (5)

where: z – the standardized value from the as-
sessed variables;      
y – the value of the assessed variables;   
x̅ – the mean value of the assessed 
variables;      
sd – standard deviation of the assessed 
variables.

RESULTS AND DISCUSSION

The abundance of phytoplankton

The results of phytoplankton analysis are 
shown in Tables 3 and 4. The phytoplankton con-
sisted of four classes identified from the April 
survey and two classes observed in September. 
We identified one genus of Cyanophyceae, one 
Chlorophyceae, 29 Bacillariophyceae, and 8 

Table 1. The standard value used in the CWQI assessment
Parameter Unit Standard quality Source

Temperature °C Natural (less than 2 °C 
changes are allowed) Water Quality Standard Number 22 in 2021

Turbidity NTU 5 Water Quality Standard Number 22 in 2021

Total dissolved solid (TDS) mg/L 35,000 (Moran, 2018)

pH - 7 – 8.5 Water Quality Standard Number 22 in 2021

Conductivity mS/cm 55 Water Quality Standard Number 22 in 2021

Salinity o/oo

Natural (less than 5% changes 
toward the seasonal average 

are allowed)
Water Quality Standard Number 22 in 2021

Sulfide mg/L 0.01 Water Quality Standard Number 22 in 2021

Dissolved oxygen (DO) mg/L >5 Water Quality Standard Number 22 in 2021

Total organic matter (TOM) mg/L - Water Quality Standard Number 22 in 2021

Nitrite mg/L 0.008−0.01 (Jiwarungrueangkul et al., 2023)

Nitrate mg/L 0.06 Water Quality Standard Number 22 in 2021

Ammonia mg/L 0.3 Water Quality Standard Number 22 in 2021

Phosphate mg/L 0.015 Water Quality Standard Number 22 in 2021

Table 2. CWQI ranking criteria (Jha et al., 2015)
CWQI range Category

0–25 Very poor

26–50 Poor

51–70 Moderate

71–90 Good

91–100 Very good
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Table 3. The abundance of phytoplankton in every observation station during April survey

Phytoplankton
Observation stations

Station1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7 Station 8
Cyanophyceae class

Trichodesmium sp. 14,154 - 5,662 - 14,154 - 2,831 11,323
Chlorophyceae class

Pediastrum sp. - 14,154 - - - - - -
Bacillariophyceae class

Asterionella sp. - - 21,231 76,433 - - - -
Bacillaria sp. - - - - - - - -
Bacteriastrum sp. - - - - - - 192,498 2,831
Biddulphia sp. 15,570 1,415 244,869 5,662 89,172 336,872 35,386 16,985
Campylodiscus sp. - - - - - - - -
Cerataulina sp. 11,323 - 48,125 5,662 15,570 32,555 7,077 1,415
Chaetoceros sp. 28,309 - 302,902 215,145 19,816 53,786 339,703 475,584
Cococcneis sp. - - - - - - 1,415.428 -
Corethron sp. - - - - - - - 5,662
Coscinodiscus sp. 32,555 12,739 26,893 89,172 39,632 24,062 59,448 73,602
Cyclotella sp. - - 2,831 - - - - -
Cylindrothecasp - - 19,816 - - - - -
Dytilum sp. - - - 12,739 2,831 - - 16,985
Flagillaria sp. 7,077 - - 9,908 - - 4,246 1,415
Guinardia sp. - - - - - - - -
Hemiaulus sp. 2,831 - 48,125 - 2,831 15,570 1,415 -
Lauderia sp. 2,831 - 4,246 - - 28,309 2,831 32,555
Leptocylindrus sp. - - - 2,831 - - - 4,246
Licmophora sp. - - - - - - - -
Navicula sp. - 1,415 1,415 - - 2,831 12,7389 -

Nitzchia sp. 16,985 22,647 4,246 22,647 14,154 69,356 7,077 19,816
Planktonella sp 1,415 - - - - - 4,246 2,831
Pleurosigma sp. 1,415 - 1,415 2,831 1,415 - 16,985 18,401
Rhizosolenia sp. 9,908 - 291,578 21,231 18,401 273,178 111,819 15,570
Strepthoteca sp. 2,831 - - 9,908 14,154 121,727 14,154 33,970
Triceratium sp. - - 2,831 - - - 14,154 2,831
Thalassionema sp. - - - 7,077 5,662 - - 8,493

Dinophyceae class
Ceratium sp. 33,971 - 21,231 21,231 29,724 31,139 59,448 113,234
Dinophysis sp. 33,970 - 41,047 - 14,154 52,371 19,816 16,985
Dictyocha sp. - - - - - - - -

Pissodinium sp - - - - - - - -
Protoperidinium sp. 14,154 - 11,323 1,415 62,279 11,323 55,202 26,893
Prorocentrum sp. - - - - - - 15,570 1,415
Pryrocistis sp. - - 43,878 - 24,062 - 8,493 2,831
Pyrophacus sp. - - - - - - - -
Total cells/L 229,299 52,371 1,143,666 503,892 368,011 1,053,079 973,815 905,874
Total genera 16 5 19 15 16 13 22 23

Dinophyceae. Overall, even though the identified 
genera were more variable and abundant in April, 
the total genera were generally higher during 
September. The highest abundance was observed 
in Kuala Arakudo (station 3), with 1,143,666 

cells/L; the lowest abundance was found in Sim-
pang Ulim (station 2), with 52,371 cells/L. 

At station 1 (Mandat), the abundance of 
phytoplankton in April was higher than in Sep-
tember, with a deviation of 65,039 cells/L. The 
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Table 4. The abundance of phytoplankton in every observation station during September survey

Phytoplankton
Observation stations

Station1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7 Station 8

Bacillariophyceae class

Bacillaria sp. 8,493 - - 1,415 - 1,415 - -

Bacteriastrum sp. 4,246 - - 12,739 - 4,246 12,739 4,246

Biddulphia sp. 2,831 8,493 19,816 7,077 14,154 18,400 19,816 2,831

Campylodiscus sp. 2,831 - - - - - - -

Cerataulina sp. - - - - - 12,739 32,555

Chaetoceros sp. 11,323 9,908 4,246 21,231 28,309 11,323 - -

Cococcneis sp. 1,415 - - - - - 56,617 38,217

Corethron sp. - - - - - - - -

Coscinodiscus sp. 35,386 24,062 42,463 19,816 35,386 108,988 11,323 35,386

Cyclotella sp. 1,415 - - - - - - -

Cylindrothecasp - - - - - 123,142 9,908 -

Dytilum sp. 1,415 7,077 7,077 2,831 8,493 16,985 1,415 -

Flagillaria sp. - - - - - 8,493 2,831 -

Guinardia sp. 5,662 1,415 8,493 - - 1,415 - 4,246

Hemiaulus sp. - - - 2,831 - 1,415 - -

Lauderia sp. 8,493 4,246 35,386 12,739 15,570 - - -

Leptocylindrus sp. 1,416 1,415 - 2,831 1,415 - - -

Licmophora sp. - - - - - 59,448 9,908 1,415

Navicula sp. - - - 21,232 - 5,662 11,323 2,831

Nitzchia sp. 1,415 1,415 5,662 7,077 5,662 - 58,033 2,8309

Planktonella sp - - 1,415 - 63,694 8,493 -

Pleurosigma sp. 2,831 1,415 1,415 1,415 2,831 191,083 12,739 7,077

Rhizosolenia sp. 38,217 16,985 15,570 32,555 32,555 - - -

Strepthoteca sp. 1,415 - - - - 32,555 - -

Triceratium sp. - - - - - - 5,662 -

Thalassionema sp. - - - - - 2,831 - 24,062

Dinophyceae class

Ceratium sp. 22,647 8,493 14,154 8,493 9,908 15,570 11,323 18,401

Dinophysis sp. 1,415 1,415 11,323 5,662 14,154 7,077 - 1,415

Dictyocha sp. 1,415 - - - - - - -

Pissodinium sp 1,415 - - - - - - -

Protoperidinium sp. 8,493 4,246 1,415 1,415 14,154 4,246 15,570 2,831

Prorocentrum sp. - - - - - 1,415 1,415 -

Pryrocistis sp. - - 1,415 1,415 1,415 7,077 - 5,662

Pyrophacus sp. - - 1,415 1,415 - 21,231 - 1,415

Total cells/L 164,190 90,587 169,851 165,605 184,006 707,714 261,854 210,898

Total genera 21 13 14 19 13 22 17 16

highest abundance was detected in the Bacillari-
ophyceae class and genus Coscinodiscus sp. in 
April and September surveys. Coscinodiscus is 
a significant genus to ocean food webs and car-
bon export (Qu et al., 2018), widespread from 
the higher latitude toward the tropical region, 
followed by Dinophyceae, Cyanophyceae, and 
Chlorophyceae classes (Ferrario et al., 2008). 

Similar to station 1, Coscinodiscus predominat-
ed the surrounding coastal area of station 2, with 
an abundance ranging from 12,578 to 24,062 
cells/L, getting more abundant in September. 
The other predominant genera are Chaetoceros 
in April and Nitzchia in September, with respec-
tive abundance of 9,908 and 22,647 cells/L.  
In this station, the phytoplankton abundance was 
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higher in September than in April, with a devia-
tion of about 38,216 cells/L. 

At station 3, the highest abundance of phyto-
plankton was in April at 1,143,666 cells/L. The 
highest abundance was in the Bacillariophyceae 
class of the genus Chaetoceros 302,902 cells/L, 
Rhizosolenia 291,578 cells/L, and Biddulphia 
244,869 cells/L. The abundance of plankton in 
September was 169,851 cells/L, with the highest 
abundance in the genus Coscinodiscus at 42,463 
cells/L, Lauderia at 35,386 cells/L, and Biddul-
phia at 19,816 cells/L. The Bacillariophyceae 
class was more dominant at station 3 than the 
previous station, with a total abundance ranging 
from 165,605 to 503,892 cells/L and increasing 
in April. The most abundant genera were Chae-
toceros (215,145 cells/L), Cocinodiscus (89,172 
cells/L), Astrinella (76.433 sel/L), Rhizosolenia 
(32,555 cells/L), and Navicula (21,231 cells/L).

A similar pattern was observed at station 4, 
where Bacillariophyceae showed predomination in 
the surrounding seawater. It was more abundant in 
April than in September. The most dominant gen-
era were Biddulphia 89,172 cells/L, Cocinodiscus 
39,632 cells/L, Rhizosolenia 32,555 cells/L, Navic-
ula 21,231 cells/L and Chaetoceros 21,232 cells/L.

The second-highest abundance of phyto-
plankton observed in April was found at station 
5, with a total of 1,053,079 cells/L. The most 
abundant genera during this season were Bid-
dulphia (336,872 cells/L), Rhizosolenia (273,178 
cells/L), and Streptholeca (121,727 cells/L). On 
the other hand, the highest amount of identified 
phytoplankton in September was also detected, 
reaching 905,874 cells/L. Different dominant 
genera were also observed, whereby during this 
season, the most abundant genera were Pleuro-
sigma (191,083 cells/L), Planktonella (63,694 
cells/L), and Liemophora (59,448 cells/L).

The remnant stations are Bayeun and Lebuk 
Buni (stations 7 and 8), where the Bacillariophy-
ceae was the majority class observed in these sta-
tions. The total amount of observed phytoplank-
ton in April was generally higher than September, 
with a deviation of about 712,000 and 694,975 
cell/L for Bayeun and Lebuk Buni stations, re-
spectively. The most abundant genera during 
the April survey were Chaetoceros (475,584 
cells/L), Bacteriastrum (192,498 cells/L), Rhizo-
solenia (111,819 cells/L), Coscinodiscus (73,602 
cells/L), and Lauderia (32.555 cells/L). While 
during the September survey, the most abundant 
genera were Nitzchia (58,033 cells/L, Cococcneis 

(56,617 cells/L), Biddulphia (19,816 cells/L), and 
Coscinodiscus (35,386 cells/L). 

Overall, the Bacillariophyceae class was 
the most dominant on the East Aceh coast, with 
the highest abundance genera of Chaetoceros, 
Rhizosolenia, Biddulphia, and Coscinodiscus. 
This finding is consistent with previous studies 
whereby Cahetoceros and Rhizosolenia are the 
diatom genera with a wide range of distribution 
in water (Asiah et al., 2021; Wisha et al., 2018). 
The high amount of diatom (Bacillariophyceae) 
over the Indonesian seas is also identified by 
several scholars (Gao et al., 2018; Purnaman-
ingtyas et al., 2018; Purnamaningtyas & Muji-
yanto, 2021; Yusuf et al., 2021). The predomi-
nance of diatom in the East Aceh coastal area 
indicates the nutrient-rich coastal ecosystem 
(Malviya et al., 2016). On the other hand, the in-
crease in seawater CO2 could stimulate diatom’s 
growth and photosynthetic efficiency (Harvey 
et al., 2019; Qu et al., 2018). The dominance of 
phytoplankton genera relies on water quality and 
pollution levels (Yusuf et al., 2021). Therefore, 
water quality assessment at the same observa-
tion station on the East Aceh coast is crucial to 
examining the most influential environmental 
parameters shaping phytoplankton abundance. 

Aside from the dominance of diatoms in April 
and September, the second largest communi-
ties found were from Dinophyceae class, which 
was more observed in September. Ceratium and 
Protoperidinium were the most dominant gen-
era found in all observation stations, with an 
abundance on average of about 13,623.495 and 
6,546.354 cells/L, respectively. This phytoplank-
ton class is susceptible to nutrients, light, temper-
ature, and salinity (John & Flynn, 2000; Liu et al., 
2001). The primary dissolved nutrients in the wa-
ter (N:P) shape the community of Dinophyceae, 
which is significant in supporting photosynthesis 
and growth (Li et al., 2000). Therefore, assessing 
the nutrient status in the study area is imperative 
to understand the impact of environmental status 
on phytoplankton abundance. This aspect will be 
elucidated in the following subsection. 

Concerning the seasonal variation of phyto-
plankton in the study area, the abundance during 
the dry season (southwest monsoon) was lower 
compared to the wet season (northeast monsoon). 
This condition has been previously elucidated by 
Cho et al. (2020), whereby the abundance of dia-
tom is characterized by the magnitude of rainfall, 
water quality, and biotic compositions
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Water quality data

Based on two times of field measurement 
(April and September), two parameters were gen-
erally abnormal (exceeding/below the standard 
quality) in all stations (turbidity and dissolved ox-
ygen). However, the other parameters showed an 
excellent level for supporting marine biota (Fig-
ure 3). Overall, the water quality status was not 
considerably altered during two different seasons 
unless one/two stations where significant changes 
in magnitude were observed.

Water temperature on the East Aceh coast was 
generally higher in September than in April, rang-
ing from 30 to 32.5 °C and 29 to 32 °C, respective-
ly (Figure 3a). A significant temperature difference 
was observed at station 4 (Geulumpang), where 
the temperature increased by more than 2 °C. Even 
though based on the quality standard established 
by the Indonesian government in regulation num-
ber 22 in 2021, there are no specific standards 
for seawater temperature (it is dependent on the 
natural condition of every evaluated area), the 
sufficiently high temperature observed on the 
East Aceh coast will impact the local ecosystem, 
such as coral reefs. According to Wisha et al. 
(2021), the ideal temperature for coral reef eco-
system should be around 28 °C. Temperature is a 
significant parameter in the coastal environment, 
whereby the temperature changes could affect the 

other environmental parameters and directly/indi-
rectly impacts marine biota in the locality. Fur-
thermore, the high-value temperature evokes the 
toxicity level in water by triggering the deposi-
tion of dissolved heavy metals and even nutrients 
(Simanjuntak, 2009). 

Turbidity value in the study area generally 
exceeded the standard quality for supporting 
marine biota (>5 NTU) (Figure 3b) in all sea-
sons and stations. The highest turbidity was ob-
served in station 5 (Peureulak), particularly dur-
ing September, reaching 45 NTU. Estuaries in 
the surrounding station 5 reflect the suspended 
sediment intake derived from the land transport-
ed by the runoff system, thereby increasing the 
turbidity (Ávila et al., 2021). However, the rem-
nant stations showed a similar pattern during the 
two measurements, with a turbidity value rang-
ing from 6 to 30 NTU. 

Total dissolved solids (TDS) and pH param-
eters were most likely suitable for the ecosystem 
and showed an agreement with the quality stan-
dard (see Table 2), with a value of about 35,000 
mg/L and 8, respectively (Figures 3c and d). The 
value of TDS was almost equal between the two 
measurements, and no significant difference was 
observed. On the other hand, even though the 
lowest value of pH was identified at station 8 
(Lebuk Buni), the other stations showed a similar 
value (pH>8) in April and September as well. 

Figure 3. Water quality in the study area observed in April (blue bars) and September (red bars). Water temperature 
(a); turbidity (b); TDS (c); pH (d); conductivity (e); salinity (f); sulfate (g); dissolved oxygen (h); and total organic 
matter (i). The grey lines within the bars denote the standard deviation of every data
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A similar pattern between conductivity and 
salinity was observed in every station. The higher 
salinity, the higher conductivity, ranging from 20 
to 67 mS/cm and 12 to 38 o/oo (Figures 3e and f). 
Compared to the standard quality established by 
the Indonesian government in regulation number 
22 in 2021, conductivity and salinity parameters 
are suitable for supporting marine ecosystems, 
except for the observation result at station 3, 
where tremendously low values of these param-
eters were observed, particularly in April. 

Varying sulfate concentrations were observed 
in the northern study area, particularly at stations 
1, 2, and 4, where the value was arbitrarily er-
ratic during April and September with a deviation 
of about >150 mg/L (Figure 3g). The ununiform 
sulfate concentration was detected during Sep-
tember, ranging from 30 to 350 mg/L. While in 
April, it tended to be more stable in every station 
ranging from 140 to 250 mg/L. 

Concerning the DO value, generally, it was very 
typical for supporting water ecosystems in several 
stations, with a value of about five mg/L during 
April and September (Figure 3h). However, the 
April data showed a <5 mg/L trend at stations 1, 2, 
5, 6, and 8. The DO was relatively low in the south-
ernmost area (stations 7 and 8), reaching 2.5 mg/L, 
indicating a hypoxia tendency (Wisha et al., 2021). 
By contrast, the opposite condition was observed in 
total organic matter (TOM) results, whereby toward 
the south of the study area, the TOM concentration 
tended to be higher, ranging from 6 to 20 mg/L. 
Generally, there were no considerable changes be-
tween April and September data. 

Nutrient concentrations and its 
role in the water environment

Table 5 shows the water nutrient data on the 
East Aceh coast. Overall, the N and P nutrient 

concentration was higher in April than in Sep-
tember, with an average deviation of 0.4 mg/L. 
Nitrate concentration ranged from 0.001 to 0.346 
mg/L in April and 0.01 to 0.013 mg/L in Septem-
ber. The highest concentration was observed at 
stations 2 and 8, reaching 0.3 mg/L. According to 
the quality standard established by the Indonesian 
Government number 22 in 2021, the allowed ni-
trate concentration is supposed to be around 0.06 
mg/L. Hence, the nitrate enrichment was found 
at stations 8, where the nitrate ranged from 0.013 
to 0.177 mg/L. The unutilized and regular intake 
of nitrate from estuaries could trigger nitrate en-
richment in water, which may cause a toxic en-
vironment (John & Flynn, 2000). However, the 
nitrate value was generally below the standard in 
the other stations, indicating that nitrate pollution 
is minimal, even though a sufficiently high nitrate 
was observed at stations 2 and 5, ranging from 
0.023 to 0.346 mg/L during the April survey. 

Unlike nitrate, nitrite concentration was suffi-
ciently higher in all observed stations in two mea-
surement periods, which was more than standard 
quality (>0.015 mg/L). Nitrite ranged from 0.01 
to 0.681 mg/L in April and 0.01 to 0.527 mg/L in 
September, respectively (Table 5). The highest 
concentration was observed at station 2, with more 
than 0.5 mg/L nitrite. The nitrite concentration, 
significantly above the quality standard, relates to 
the previously elucidated low dissolved oxygen 
and nitrate. In this case, due to the low content 
of oxygen, the nitrobacteria could not work op-
timally to transform nitrite compounds to nitrate, 
thereby hampering the N cycle in the study area 
(Wisha et al., 2018; Wisha & Maslukah, 2017). 

Ammonia concentration ranged from 0.44 to 
1.55 mg/L in April and 0.13 to 1.913 mg/L in Sep-
tember, respectively (Table 5). Generally, almost 
in all observed stations, the ammonia value was 
above the allowed value for supporting biological 

Table 5. Detected nutrient concentration in the study area

Station
N-NO2 (mg/L) N-NO3 (mg/L) N-NH4 (mg/L) DIN (mg/L) DIP (P-PO4) (mg/L)

April September April September April September April September April September

1 0.005 0.001 0.454 0.005 0.971 1.456 1.431 1.462 0.201 0.005

2 0.346 0.004 0.681 0.527 1.556 1.300 2.583 1.831 0.582 0.059

3 0.002 0.002 0.360 0.180 0.001 1.913 0.361 2.095 0.042 0.010

4 0.001 0.001 0.310 0.001 1.100 1.685 1.411 1.686 0.188 0.024

5 0.023 0.002 0.559 0.002 0.444 0.700 1.025 0.704 0.735 0.001

6 0.001 0.007 0.001 0.038 1.414 0.130 1.414 0.175 0.012 0.001

7 0.006 0.011 0.001 0.001 0.701 0.230 0.706 0.241 0.011 0.001

8 0.177 0.013 0.488 0.146 0.658 1.071 1.322 1.230 0.269 0.001
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life, which is supposed to be around 0.3 mg/L. 
The pattern of ammonia concentration in each 
station was similar to nitrate and nitrite, where the 
highest value was found at station 2, reaching 1.5 
mg/L in April. While in September, the highest 
ammonia value was observed at station 3, with a 
concentration of 1.9 mg/L. The value of ammonia 
shows that the N fixation and ammonification pro-
cesses take place very well. In water, cyanobac-
teria could bind free N (N2) from the atmosphere 
(Wisha et al., 2018). This process is called N fixa-
tion yielding an ammonia compound, whereby 
the resulting organic N can be used by autotroph 
biota to support the growth process (Igarashi & 
Seefeldt, 2003). On the other hand, the ammonia 
resulted from ammonification, with the role of de-
composers, will produce protein N or amino acids 
(Igarashi & Seefeldt, 2003; Li et al., 2013). 

A contrary phosphate concentration was ob-
served during April and September surveys. In 
April, the concentration was tremendously high in 
all stations ranging from 0.01 to 0.735 mg/L. By 
contrast, in September, the phosphate concentra-
tion was deficient, with almost undetectable value. 
The range of phosphate values was about 0.001 
to 0.059 mg/L (Table 5). According to Indonesian 
government regulation number 22 in 2021, the 
standard phosphate concentration in water should 
be around 0.015 mg/L to support biota life.

Meanwhile, the detected phosphate value in 
the study area was considerably high, particu-
larly in April. This state reflects that the potency 
of blooming may be high. As a limited nutrient 
in water, phosphate plays a significant role in 
controlling the growth of autotroph biota, and 
concentration ranging from 0.35 to 0.1 mg/L or 

higher could potentially induce algal blooms (eu-
trophication) (Zhang et al., 2017). On the other 
hand, the tremendously low phosphate observed 
in September reflected P input from the surround-
ing land or sources. Within the water environ-
ment, phosphate undergoes dissolution and pre-
cipitation, transforming into inorganic phosphate, 
soluble inorganic phosphate, and polyphosphate. 
From these cycles, the biological, organic, and 
inorganic phosphates will be deposited in the 
sediment because of its instability as a gas, so the 
concentration of P in the water column (dissolved 
phosphate) is limited (Griffin, 2017). In addition, 
it should be noted that in the following discussion, 
we use the total speciation of nitrogen (dissolved 
inorganic nitrogen/DIN) and total inorganic phos-
phorus equal to P-PO4 (DIP) to compare the ratio 
of N:P and other nutrient analyses.

Water quality index assessment 

Based on the water quality and nutrient pa-
rameters evaluation, the variation in water qual-
ity index value between April and September is 
shown in Figure 4. Overall, CWQI value varies 
considerably in every station, ranging from 40 to 
90, whereby stations 1 to 3 and 5 tend to increase, 
and stations 4, 6, 7, and 8 show a downward trend. 
Furthermore, except for station 3 (good water 
category), the remnant stations are categorized as 
moderate and poor water quality.

At station 1, the water quality was getting 
better in September, whereby in April, it was 
categorized as moderate water quality, and 
it changed to good water quality, with an in-
creased CWQI value of about 11.57%. On the 

Figure 4. The results of coastal water quality assessment in the study area during the two different seasons



123

Journal of Ecological Engineering 2023, 24(9), 112–129

other hand, the lowest CWQI value was ob-
served at station 2, which it was categorized as 
poor water quality in April and moderate water 
quality in September, with an increased value of 
about 10.09%. By contrast, the best water qual-
ity status was found at station 3, where based 
on the CWQI value, it was categorized as good 
water quality both in April and September, even 
though the CWQI value increased in September 
with a deviation of about 9.33%. Unlike the pre-
viously described stations, the CWQI value at 
station 4 declined from April to September, with 
a decline of about 10.63%. 

Similar to station 2, the CWQI value cal-
culated at station 5 showed an increased state 
from April to September, even though the sta-
tus changed from poor to moderate water qual-
ity; percentage-wise, the increased value was 
approximately 22.68%. The same condition 
was observed at stations 6 and 7, whereby the 
CWQI value decreased by about 17.63% and 
15.75% from April to September, given a cat-
egory from good to moderate water quality. 
The last station (station 8) showed a similar 

pattern with stations 6 and 7, but the CWQI 
value changed from moderate water quality in 
April to poor water quality in September, with 
a decline of about 24.35%.

Compared to the abundance of phytoplankton, 
the water quality did not solely shape the com-
munities. Good water quality could only some-
times ensure the state of phytoplankton commu-
nities. Key factors, such as nutrients, should have 
a higher influence on phytoplankton growth and 
abundance. Therefore, we will assess the influ-
ence of nutrients on shaping the phytoplankton 
communities in the following subsection. 

N and P limitations and its influence on 
the abundance of phytoplankton 

Figure 5 illustrates the unstable N:P ratios in 
all observed stations during April and September. 
Overall, an opposite condition between April and 
September was observed like a “seesaw”, where-
by phosphate concentration was tremendously 
high in April and vice versa in September. The 
higher the ratio value, the greater the nitrogen 

Figure 5. The N/P ratio in the study area for April survey (a) and September survey (b)

Figure 6. N and P contents compared to the natural state of N/P limitation in the study area
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intake in the water environment, thereby evoking 
an imbalanced nutrient condition. 

In April, except for stations 6 and 7, the rem-
nant stations showed a lower N:P ratio value (less 
than 16), showing that the P concentration was 
really high, ranging from 0.04 to 0.7 mg/L. By 
contrast, in September, the N:P ratios were tre-
mendously high (more than 100), indicating that 
the P content was very low, ranging from 0.001 to 
0.05 mg/L and the N nutrient and its derivatives 
were predominant in water of the study area. 
These ratios show the potency of algal-bloom, 
mainly controlled by N and P nutrients. Anthro-
pogenic activities likely shape the nutrient intake 
from the land to the coastal area of East Aceh 
(Balqis et al., 2021), whereby the high nutrient 
concentrations are resulted from the husbandry 
wastes and the high level of detergent utilization 
(Wisha et al., 2018).

The discrimination of the N:P ratio for N- 
and P-limited sites is shown in Figure 6. For the 
stations with N:P ratio > 16, the phytoplankton 
abundance is P-limited (there is a very low con-
centration of P), while for N:P<16, it shows that 
the N limits the phytoplankton abundance and 
communities. For N:P ratio equals to 16, either 
N or P may limit the phytoplankton productivity 
or those two elements are co-limiting (Tessier & 
Raynal, 2003; von Oheimb et al., 2010). 

No station having an N:P ratio equals to 16. 
However, there is one station (station 4) having a 
N:P ratio of about 20 observed in September. Ac-
cording to Wisha et al. (2018), N will be more con-
trolling the growth of the autotroph biota within 
an N:P ratio of 20. Generally, almost all stations 
were P-limited in April, which only two stations 
with low Phosphate in the condition of N-limited. 
By contrast, due to the very low and undetectable 

P in September, all stations were N-limited. Con-
cerning the phytoplankton communities, there 
were several genera that were not found in Sep-
tember due to the limitation of P content, such as 
Trichodesmium and Pediastrum. This state shows 
that specific genera of phytoplankton is sensitive 
to the change or an imbalanced condition of N:P 
ratio (von Oheimb et al., 2010). 

The N and P content on the East Aceh coast 
are mainly determined by the supply of N:P ra-
tios. A very high N reflects a situation where N is 
more available relative to P; in such situation, the 
total P could be high and the N is not necessarily 
high anymore. The total N and P have a specific 
influence on phytoplankton production, whereby 
they have a special limitation on the phytoplank-
ton growth. N and P, together with other nutrients, 
such as carbon and silicate, control the abundance 
of phytoplankton in the water environment (Wa-
genhoff et al., 2011).

Based on the linear regression analysis shown 
in Figure 7, N and P equally determined the phy-
toplankton abundance in April, with the respec-
tive R2 of about 0.5, even though the P content 
was more limiting the water, with a deviation of 
about 0.02 (Figure 7a). In this case, phytoplankton 
abundance is set as the dependent variable, while 
the nutrients are the independent variables. On the 
other hand, a different condition was identified in 
September, whereby the N-nutrient determined 
the phytoplankton abundance, with a coefficient 
determination of about 48%. While the P-nutrients 
only determined 18% of phytoplankton communi-
ties (Figure 7b). Hence, a 32% variance of the de-
pendent variable (phytoplankton abundance) was 
explained by other factors. Many scholars have 
proven that the high productivity of P evokes the 
bacterial population and respiration rates, thereby 

Figure 7. The correlation between the abundance of phytoplankton and the nutrient 
content in the study area based on April survey (a) and September survey (b)
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inducing anoxia and hypoxia conditions (Pan et 
al., 2021; Zhang et al., 2017). Furthermore, the 
release of P could deteriorate the water condition 
due to eutrophication reinforcement. Thus, P is 
the limiting factors shaping the water quality of 
an area. However, N also plays a significant role 
in triggering eutrophication, therefore, N and P 
controls should be considered in managing water 
pollution due to eutrophication (Pan et al., 2021; 
Wisha et al., 2018; Wisha & Maslukah, 2017). 

The relationship between water quality 
parameters and phytoplankton communities 

To determine the specific correlation be-
tween water quality parameters, nutrients, and 
phytoplankton abundance, we analyze those data 
using a principal component analysis (PCA), 
as shown in Figures 8 and 9. The total variance 

reaches 81.73% and 75.85% for April and Sep-
tember data, respectively. 

Principal component 1 (PC1) accounted for 
38.22% of the variance for the April data. This 
function is characterized by the high loadings of 
temperature, conductivity, salinity, TDS, nitrite, 
and ammonia (Figures 8a and b). The negative 
correlation of PC1 shows that DO, pH and sul-
fate are less correlated. The principal component 
2 (PC2) explains 27.06% of the total variance. 
The positive axis is characterized by nutrients 
(ammonia, nitrite, nitrate, and phosphate) and 
sulfate. On the other hand, it is negatively cor-
related with salinity, temperature, conductiv-
ity, TOM, TDS, DO, and pH. The presence of 
turbidity in the positive axis of the principal 
component 3 (PC3) shows the possible influ-
ence of turbidity in shaping the abundance of 
phytoplankton. 

Figure 8. The predominance water quality controls in every station based on 
the PCA for April survey; PC1 vs. PC2 (a); PC1 vs. PC3 (b)
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In contrast, the determination of water quality 
parameters in shaping the phytoplankton abun-
dance based on the September data differs from 
the April one. The PC1 (38.22% of the total vari-
ance) is positively correlated with nitrate, phos-
phate, pH, DO, conductivity, TDS, and salinity. 
TOM and nitrite show a negative correlation in 
PC1. The PC2 determines 21.05% of the total 
variance, positively correlated with nitrate, phos-
phate, ammonia, and temperature, and negatively 
correlated with TOM, salinity, conductivity, TDS, 
and DO (Figure 9a). Moreover, the presence of 
salinity, conductivity, and TDS in the positive 
axis of the PC3 shows that these parameters also 
play a slight role in determining the phytoplank-
ton abundance (Figure 9b).

The PCA analysis also shows that the influ-
ence of each parameter in every station varies 
considerably. Based on the April data assessment, 

station 1 is possibly controlled by several water 
quality parameters, such as TDS, TOM, salin-
ity, conductivity, and temperature. In contrast, 
only the TDS parameter controls station 6. Any 
assessed parameters do not solely determine sta-
tions 2, 3, and 8. Nutrients and sulfate determine 
station 5, and station 4 is possibly correlated with 
pH. These data also show that nitrate, nitrite, and 
phosphate are really correlated in determining the 
water condition. TOM, temperature, salinity, and 
conductivity are also on the same page. 

On the other hand, in September, turbidity 
and pH are correlated with each other, followed 
by nutrients and temperature-sulfate. Moreover, 
the other parameters also show high correlation, 
such as DO, conductivity, salinity, and TDS. Con-
cerning the role of each parameter in every station, 
station 3 is determined by nutrient variability. Sta-
tions 1 and 5 are possibly controlled by salinity, 

Figure 9. The predominance water quality controls in every station based on 
the PCA for September survey; PC1 vs. PC2 (a); PC1 vs. PC3 (b)
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conductivity, TDS, and DO, while the remnant 
stations seem to be controlled by all parameters, 
even though the influence is not too significant. 

Overall, every water quality parameter has 
a unique influence on phytoplankton. The most 
exciting finding is that the high phytoplankton 
abundance in stations 3, 6, 7, and 8 closely relates 
to the nutrient content (N and P). This statement 
is also proven by the high correlation analysis 
with a 50% value of coefficient determination 
of the N and P parameter. However, aside from 
phytoplankton dependent on nutrients, the water 
quality parameters, such as temperature, TDS, sa-
linity, conductivity, TDS, pH, and turbidity, also 
shape the phytoplankton communities in the East 
Aceh coastal area. 

CONCLUSION

Phytoplankton in the East Aceh coastal area 
was more abundant in April than in September, 
with the most abundant genera of diatoms (Bacil-
lariophyceae). Turbidity exceeded the water qual-
ity standard, while DO was less than the allowed 
standard. The remnant parameters seem promis-
ing to support marine life on the East Aceh coast. 
The low DO value and sufficiently high nitrite 
closely relate to the low nitrate concentration, 
indicating the N cycle disruption. On the other 
hand, the high concentration of ammonia reflects 
that the ammonification process takes place well. 
The unstable phosphate content during April and 
September shows that P becomes the limiting 
factor in the environment, proven by the signifi-
cant correlation between N, P, and phytoplankton 
abundance, with a coefficient determination of 
more than 50%. 

The CWQI value shows that the study area 
is characterized by moderate to good categories, 
even though poor water quality is also observed 
in several stations. The water quality parameter 
did not solely shape the phytoplankton commu-
nity; conversely, phytoplankton abundance was 
more determined by nutrients. However, each 
water quality parameter has a unique and specific 
influence on triggering phytoplankton growth. 
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