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Abstract. This study aims to detect the quality of phytoplankton based on species composition in the 
waters of Kastela Ternate, North Maluku. The research was conducted in July-August 2022 in Kastela 
waters, Ternate City, North Maluku Province at 5 (five) stations. Sampling was carried out 4 (four) times 
with a sampling period of 2 (two) weeks. Phytoplankton sampling was carried out by filtering method, 
then the phytoplankton samples were preserved with 4% Lugol's solution. The quality of the 
phytoplankton was determined by grouping the species found into harmful algae blooms (HABs) and 
non-HABs phytoplankton species categories. The results showed that 27 genera of phytoplankton were 
found from 3 classes, namely Bacillariophyceae (20 genera), Cyanophyceae (4 genera), and 
Dinophyceae (3 genera). The abundance of phytoplankton found varies between stations with a range of 
17,549-71,021 cells L-1. The biological indices of the phytoplankton have a range of values, namely 
diversity index (H'): 1.3312-2.0763, evenness index (E): 0.6685-0.9017, and dominance index (D): 
0.1520-0.3774. Phytoplankton in Kastela waters are still in good quality, so they are not harmful yet to 
another aquatic biota in these waters. 
Key Words: abundance, biological indices, HABs phytoplankton, Kastela waters. 

 
 

Introduction. Coastal and oceanic areas have ecologically and economically rich 
resources, in these areas there are various types of aquatic biota that have important or 
unimportant economic value. One type of biota that is important and has a large role in 
these waters is phytoplankton (Yuliana et al 2021). 

Phytoplankton is a determinant of life in marine waters because it is the beginning 
of the food chain and becomes important for organisms at a higher level (Vajravelu et al 
2018), without the existence of these organisms life in the ocean will not take place 
properly. Research on the content of phytoplankton in various waters, both between 
water areas and between certain waters, shows that there is a diversity of numbers and 
types (Yuliana et al 2021). It is very important to know the species composition or 
diversity of phytoplankton, especially related to the function and role of this 
phytoplankton in the waters concerned. 

The role of phytoplankton as the beginning of the food chain in the waters has 
implications for organisms at higher trophic levels. Humans as consumers at the highest 
trophic level have resulted in people living on sea coast being inseparable from the role 
of the sea in their daily lives (Tambaru et al 2021). For them, the sea is a source of 
livelihood to meet economic needs and also the cheapest food source compared to other 
types of animal protein food sources. However, sometimes the seafood sources are not 
safe for human consumption. 

One of the dangers that threaten the security of marine food sources is the 
uncontrolled growth of certain types of phytoplankton, especially the dangerous type 
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which was later known as harmful algae blooms (HAB). Harmful algae blooms (HABs) are 
the growth of phytoplankton in waters (marine or brackish) which can result in the mass 
death of fish or another marine biota with toxins released by this phytoplankton 
(Sidabutar et al 2016). Such conditions will have negative impact on the ecosystems and 
biota populations in the waters concerned, and will even endanger organisms that 
become comestibles (food) for humans. 

Based on the phenomena, it is urgent to conduct this research to detect the 
quality of phytoplankton based on the species composition in Kastela waters. This study 
aims to detect the quality of phytoplankton based on species composition in Kastela 
Ternate waters, North Maluku. 

 
Material and Method 
   
Description of the study sites. This research was conducted in Kastela waters, Ternate 
City, North Maluku Province, Indonesia from July to August 2022. Sampling was carried 
out at 5 stations (Figure 1). The number of samples taken from each station was 4 times, 
with a sampling period (time) of two weeks.  
   

 
Figure 1. Research location in the Kastela waters Ternate, North Maluku. 

 
Phytoplankton analysis. Phytoplankton specimens were taken by filtering 30 liters of 
water samples using a 25 μm plankton net. The filtered results were put into sample 
bottle and preserved with 4% Lugol's solution. These samples were then identified at the 
Laboratory of Aquaculture Systems and Technology, Faculty of Fisheries and Marine, 
Khairun University, based on identification books from Davis (1955), Yamaji (1979), 
Sachlan (1982), and Tomas (1997). 

The composition of the types of phytoplankton at each station and the time 
(period) of observation were calculated by using the formula of Odum (1998): 

 (1) 
where: Pi = species composition (%), ni = number of individuals of each i-type (ind), and 
N = total number of individuals (ind). 
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The abundance of phytoplankton species was calculated based on the equation of 
APHA (2005) as follows: 

 (2) 

where: N = number of individuals per liter, Oi = area of the cover glass (mm2), Op = 
area of one field of view (mm2), Vr = volume of filtered water (mL), Vo = observed water 
volume (mL), Vs = volume of filtered water (L), n = plankton number in the entire field 
of view, and p = observed number field of view. 

 The Shannon-Wiener index was used to calculate the species diversity index, the 
evenness index and dominance index were calculated according to Odum (1998) with the 
following formulae: 
Diversity index of Shannon-Wiener: 

 (3) 
Evenness index: 

 (4) 

Dominance index: 
    (5)  

where: H' = diversity index of Shannon-Wiener, E = evenness index, D = Simpson 
dominance index, ni = number of individuals of the ith genus, N = total number of 
individuals of all genera, Hmax = maximum diversity index (= ln S, where S = total 
type). 

As supporting data, measurements of several physicochemical parameters of the 
waters that influence the growth and development of phytoplankton were carried out. 
Measurements were carried out 4 times at each station with a measurement period of 
once every two weeks. Water samples for chemical parameters analysis were taken using 
a Van Dorn volume of 2 liters, sampling was carried out at the surface (0.5 m depth). At 
each station, 1 liter of water was taken to analyze N, P, and Si nutrients. Nutrient 
analysis was carried out in the laboratory. Meanwhile, measurements of physicochemical 
parameters such as temperature, salinity, brightness, and pH were carried out in the field 
(APHA 2005). 

 
Phytoplankton quality. Phytoplankton quality was determined by classifying the 
species found into HABs and non-HABs phytoplankton species categories. 
 
Statistical analysis. The data from this study were analyzed descriptively and presented 
in the form of tables and graphs. SPSS IBM 23, Minitab 16, SAS 9.1, and Excel Stat 2017 
were used to make calculations easier in the analysis. 
 
Results and Discussion  
 
Species composition and abundance. During the study, 27 genera of phytoplankton 
were found from 3 (three) classes, namely Bacillariophyceae (20 genera), Cyanophyceae 
(4 genera), and Dinophyceae (3 genera). 

The number of phytoplankton genera found during the study was smaller than 
research of Yuliana (2015) in Jailolo waters West Halmahera, which founded 30 genera, 
and research of Rahmadani & Kuntjoro (2021) in the waters of Lusi Island Sidoarjo, 
which found 42 genera. However, more high compared to research by Haribowo et al 
(2021) on Kotok Besar Island with a total of 18 genera and research by Wijaya et al 
(2022) in the Mangrove Waters of Gunung Anyar, Surabaya who found 13 genera.  

The number of genera from the Bacillariophyceae class which is more common 
than the Cyanophyceae and Dinophyceae classes is due to the conditions of the 
physicochemical parameters of the waters that are suitable for this class, one of which is 
salinity. Salinity measured during the study has a fairly high value, with a range of 30-
31‰. The salinity value is suitable for the growth and development of Bacillariophyceae. 
As explained by Sachlan (1982) that species from the class Bacillariophyceae include 
plankton species that live in waters with a salinity level of more than 20‰. In addition to 
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salinity, sunlight which is in the appropriate range is another trigger so that the number 
of genera from the Bacillariophyceae class was found high. During the research, sampling 
was carried out when the sun was rising (around 07.30-10.00 Eastern Indonesian Time), 
this condition resulted in the types of this class being on the surface of the waters 
because of their nature which is close to the light. During the day the composition of the 
Bacillariophyceae class tends to be higher because the plankton group of this class is 
positively phototactic (Madinawati 2010). In addition, the cause of a large number of 
individuals from the class Bacillariophyceae (diatoms) in the waters is that these 
organisms can adapt to the environment, are cosmopolitan, resistant to extreme 
environmental conditions, and have high reproductive power (Barus et al 2008), most 
easily found in various types of aquatic habitats (Putra et al 2012), and when there is an 
increase in nutrient concentrations in the waters, Bacillariophyceae can reproduce three 
times in 24 hours (Damar et al 2013).  

The genera found at all stations and observation times were Biddulphia, 
Rhizosolenia, and Surirella, the three genera came from the class Bacillariophyceae. This 
means that the physical-chemical parameter conditions in Kastela waters are suitable for 
these species. While the genera that were only found once during the study were 
Hemiaulus (station 4 period II), Licmophora (station 3 period I), Streptotheca (station 4 
period I), and Tabellaria (station 2 period III); these genera came from the class 
Bacillariophyceae, and Aphanizomenon (station 5 period I) from the class Cyanophyceae. 

The results of enumeration at each observation station found that all classes were 
found in all observation periods. However, they have different percentages, with the 
percentages shown in Figure 2. 

 

  

  
Figure 2. Composition of phytoplankton species found in the Kastela waters Ternate, 

North Maluku. 
 

The Bacillariophyceae class had the highest contribution in Kastela waters during the 
study, with a percentage of 79-90% (Figure 2). While the lowest was the Cyanophyceae 
class, with a percentage of only 4-6%. Similar conditions have been found by Aisoi 
(2019) in the coastal waters of Holtekamp City of Jayapura with a percentage of 94% 
Bacillariophyceae and 1% Cyanophyceae, research by Haribowo et al (2021) in the 
waters of Kotok Besar Island with a Bacillariophyceae percentage of 89%, as well as 
research by Dewanti et al (2018) in Serangan Island waters, Bali with a composition of 
96.93% Bacillariophyceae. However, this is different from what was found by Kadim et al 
(2018) in Gorontalo Bay that the Chrysophyceae class dominated the phytoplankton with 
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a contribution of 63.3%. The high contribution of the Bacillariophyceae class found 
indicates that the types from the Bacillariophyceae class have a larger distribution 
compared to other classes, the Kastela water conditions are suitable so that they allow 
the types from this class to grow and develop properly, and the Bacillariophyceae class 
has good adaptations towards the environmental conditions of Kastela waters which have 
a low supply of nutrients from the mainland. In addition, the class Bacillariophyceae 
(Diatom) is cosmopolitan, resistant to extreme conditions, has a high reproductive 
capacity (Odum 1998), is the most common class and plays an important role in 
estuarine and marine waters (Tungka et al 2016), it can adapt to little light, can tolerate 
changes in environmental conditions around it (Munthe et al 2012), and has a very fast 
response to the addition of nutrients compared to genera from other classes (Nybakken 
1993; Lagus et al 2004). 

Meanwhile, the class of phytoplankton that contributed the second most after 
Bacillariophyceae was the Dinophyceae class, with a percentage of 5-16% (Figure 2). 
These phenomena are common in marine waters, as explained by Cokrowati et al (2014) 
that the second largest group of phytoplankton after Bacillariophyceae which is often 
found in marine waters is the Dinophyceae class. This indicates that the species from the 
Dinophyceae class have a good ability to adapt and grow in the waters of Kastela. 

The abundance of phytoplankton which found has varying values between each 
station and time (period) of observation, with a range of 17,549-71,021 cells L-1 (Figure 
3). The highest abundance was found at station 3 period IV with a value of 71,021 cells 
L-1 and the lowest at station 2 period III with a value of 17,549 cells L-1. 

 

 
Figure 3. The abundance of phytoplankton found in the Kastela waters Ternate, North Maluku. 

 
The abundance values found during the study were included in the low category when 
compared to the study by Yuliana et al (2021) in the waters of Sasa Ternate with an 
abundance of 45,327-178,791 cells L-1. However, it is higher than the study by Fitrianti 
et al (2022) in the coastal waters of the Batang PLTU Megaproject Central Java with an 
abundance of 2,581-10,137 cells L-1 and the research of Ramadhanty et al (2020) on the 
Maron beach, Semarang, with an abundance of 7,109-11,550 cells L-1. 

The highest abundance found at station 3 period IV was caused by the condition of 
the physicochemical parameters of the waters which were suitable for phytoplankton to 
grow and develop. The main factors affecting the growth of phytoplankton are the 
availability of light and nutrients, both of which determine the abundance of 
phytoplankton in water. If the intensity of sunlight is appropriate, the abundance of 
phytoplankton will be high. Likewise, when the availability of organic matter is high, the 
abundance of phytoplankton in water will also be high (Sachlan 1982). The main types of 
nutrients needed by phytoplankton are nitrogen and phosphorus, these two types of 
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nutrients become a limiting factor in the growth of phytoplankton. If nitrogen and 
phosphorus are at optimum conditions, the phytoplankton will grow optimally. However, 
if one of them is at an inappropriate concentration, these organisms will not grow 
optimally. At station 3 period IV we found nitrate content of 0.286 mg L-1 and phosphate 
with a value of 0.222 mg L-1. The content of these two types of nutrients is in the 
appropriate range for phytoplankton to grow and develop. As explained by Paiki & Kalor 
(2017) that the nitrate content which is good for the growth of phytoplankton is in the 
range between 0.09 and 3.5 mg L-1 and phosphate in the range of 0.08-1.80 mg L-1. 
Hidayat (2017) further explained that the minimum requirement for nitrate that can be 
absorbed by phytoplankton, especially diatoms, is in the range of 0.001-0.007 mg L-1. 

In addition, silica also takes an important role in the growth of phytoplankton, this 
element is mainly used by diatoms. Different concentrations of silica in water will cause 
differences in the abundance of diatoms. Silica concentration at station 3 period IV was 
1.296 mg L-1. This silica content is in the range suitable for the growth of phytoplankton. 
As stated by Turner (1980) in Widjaja et al (1994) that if the silica content is less than 
0.5 mg L-1, phytoplankton, especially diatoms, cannot develop properly. 

Meanwhile, the values of the other water physicochemical parameters at station 3 
period IV were temperature: 26.54oC, salinity: 30‰, and pH: 7.59. These values are in 
the optimal range for the growth of phytoplankton, as stated by Anisah (2017) that the 
temperature range between 25 and 32ºC is the optimum temperature for the growth of 
phytoplankton in tropical waters. Berge et al (2010) stated that the pH range of 7-8.5 
resulted in an optimum growth rate of phytoplankton. Sachlan (1982) further explained 
that a salinity value greater than 20‰ is suitable for phytoplankton and allows these 
organisms to survive, multiply and actively carry out photosynthesis. Furthermore, 
Raymont (1980) emphasized that the range between 10 and 40 ppt is the optimum 
salinity in supporting the growth of phytoplankton. 

The lowest abundance obtained at station 2 period III was more due to the low 
nitrate content. The nitrate concentration found was 0.045 mg L-1. Meanwhile, the 
content of phosphate and silica was still in the range suitable for phytoplankton. The 
range of the two types of nutrients respectively was phosphate: 0.202 mg L-1 and silica: 
2.584 mg L-1. Likewise, other water physicochemical parameters such as temperature 
(26.71oC), salinity (30‰), and pH (7.58) all were still in the appropriate range for the 
growth of phytoplankton. In addition, the low abundance can be caused by grazing by 
zooplankton. In addition, the low abundance of phytoplankton can be caused by grazing 
by zooplankton and planktivore fish (Lau & Lane 2002; Jiang et al 2014).  

If traced further, it was found that the genus that had the highest abundance 
during the study was Biddulphia (class Bacillariophyceae) with an abundance of 326,821 
cells L-1 and the lowest abundance was for the genera Amphora (class Bacillariophyceae) 
and Aphanizomenon (class Cyanophyceae) with an abundance of 206 cells L-1 each. The 
results obtained are different from the research by Kadim et al (2018) in Gorontalo Bay, 
Indonesia, who found that the type of phytoplankton that had the highest abundance was 
Chaetoceros affinis with an average abundance of 25,441 cells L-1. 
 
Biological indices. The biological indices observed were the diversity index (H'), the 
evenness index (E), and the dominance index (D). These indices show the species 
richness in a community and the balance of the number of individuals of each species. 
The complete results of the calculation of the phytoplankton biological indices are 
presented in Table 1. 

The diversity index values obtained during the study ranged from 1.3312 to 
2.0763 (Table 1). Referring to Krebs (1998) who classifies the value of diversity as H' < 
1: small diversity, 1 ≤ H' ≤ 3: moderate diversity, and H' > 3: high diversity, then the 
diversity index value obtained during the study is included in the category moderate. This 
index value indicates that the phytoplankton community is in a stable condition. It means 
that the types of phytoplankton present in Kastela waters during the study can adapt to 
the conditions of the physicochemical parameters of the waters concerned. The diversity 
index value of a community depends on the number of genera and the uniformity index 
of the number of individuals of each genus. The higher the number of genera and the 
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uniformity of the genus, the higher the value of the diversity index (Pielou (1966) in 
Risanty (2001)). 

The evenness index obtained during the study has values ranging from 0.6685 to 
0.9017 (Table 1). These values indicate that the uniformity between each genus is high 
and evenly distributed at each station and time (period) of observation. This is in 
accordance with what was stated by Brower et al (1998) that an evenness index value 
that is more than or equal to 0.6 indicates high uniformity. Thus, it can be explained that 
the phytoplankton community in Kastela waters during the study was in more even to 
very even conditions or in the good to very good category. If the evenness index value is 
related to the statement of Daget (1976), then it can be explained that the 
phytoplankton community is in an unstable to stable condition. The phytoplankton 
community in Kastela waters can adapt and live well with the physical and chemical 
parameters of the waters concerned. 

Dominance index values found during the study at all stations and observation 
times had values close to zero or < 0.5, with values ranging from 0.1520 to 0.3774 
(Table 1). A value close to zero indicates that the community structure of the 
phytoplankton in Kastela waters is in a stable condition, there are no extreme species of 
phytoplankton that dominate the other species. The physicochemical parameters of the 
waters that affect the growth of these organisms are in suitable conditions, each species 
can adapt to aquatic environmental conditions, and there is no competition between each 
species so that all species have equal opportunities to grow and develop well in Kastela 
waters. 
 

Table 1 
Phytoplankton biological indices found in the Kastela waters Ternate, North Maluku 

 

Period  Station Biological indices  
H' E D 

I 
  
  
  
  

1 1.7786 0.7724 0.2508 
2 1.6866 0.7676 0.2378 
3 1.8065 0.7846 0.2129 
4 1.7226 0.7840 0.2397 
5 1.5699 0.7145 0.2733 

II 
  
  
  
  

1 1.4595 0.7500 0.2999 
2 1.5014 0.7220 0.2865 
3 1.3312 0.7429 0.3369 
4 1.6309 0.7423 0.2647 
5 1.6803 0.7647 0.2496 

III 
  
  
  
  

1 2.0763 0.9017 0.1520 
2 1.8671 0.7514 0.2161 
3 1.6852 0.7670 0.2571 
4 1.6753 0.6986 0.2725 
5 1.3901 0.6685 0.3774 

IV 
  
  
  
  

1 1.6121 0.6723 0.2989 
2 1.7314 0.7519 0.2602 
3 1.7960 0.7002 0.2548 
4 1.7168 0.6909 0.2633 
5 1.6942 0.7358 0.2838 

Description: H '= diversity index; E = evenness index; and D = dominance index. 
 
Phytoplankton quality. Determination of the quality of phytoplankton in Kastela 
Ternate waters was carried out by analyzing the proportion of abundance between 
species belonging to the HABs group of phytoplankton and non-HABs phytoplankton at 
each station and time of observation. The results of the complete analysis are showed in 
Figure 4. 

The results of the enumeration showed that 22 types of phytoplankton were found 
from the non-HABs group and 5 types from the HABs group. The types of potentially 
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dangerous phytoplankton (HABs) detected were Chaetoceros and Nitzschia from the 
Bacillariophyceae class, as well as Cochlodinium, Gymnodinium, and Peridinium from the 
Dinophyceae class. This is accordance with what was stated by Wiadnyana (1996) that 
these genera are types that belong to the classes of phytoplankton that cause HABs. 
These species are categorized as dangerous phytoplankton because they are species that 
can have negative impact to the other aquatic biota, which in turn can disrupt 
ecosystems and human health. 
 

 
Figure 4. Percentage of HABs and non-HABs phytoplankton found in the Kastela waters 

Ternate, North Maluku. 
 

The abundance of phytoplankton species that cause HABs is further detected using a 
proportion analysis, by comparing the abundance of phytoplankton that causes HABs with 
non-HABs phytoplankton. The results of the analysis during the study showed that the 
group of phytoplankton from the type of HABs was lower (lower) compared to the non-
HABs group, with a percentage of 19% HABs and 81% non-HABs (Figure 4). This 
indicates that the growth and development of phytoplankton in Kastela waters can be 
categorized as good, even though HABs have started to appear. Based on these facts, it 
can be explained that the phytoplankton in Kastela waters is still in good quality, so they 
are not harmful yet to other aquatic biota in the waters concerned. 

 
Conclusions. Based on the results of the research that has been done, it can be 
concluded as follows: in Kastela waters there are 27 genera of phytoplankton from 3 
classes namely Bacillariophyceae, Cyanophyceae, and Dinophyceae; phytoplankton in 
Kastela waters are still of good quality, so they are not harmful yet to other aquatic biota 
in these waters. 
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