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ABSTRACT
Dinoflagellates are a class of phytoplankton and are divided into two groups, namely autotrophs and heterotrophs. Aims to analyze the structure of the phytoplankton community, especially from the dinoflagellate class, namely in terms of the number of species, and the abundance of dinoflagellates in the waters of Tarakan, Juata Laut Village, Tarakan City. There are 7 types of dinoflagellates found in waters, namely dinoflagellates, namely: Ceratium spp., Noctiluca sp., Protoperidinium spp., Prorocentrum spp., Gymnodinium sp., Gonyaulax sp., and Dinophysis sp. The index values ​​for diversity, uniformity and dominance of dinoflagellates ranged from 0.06 to 1.53, uniformity form 0.09 – 0.80 and dominance form 0.23 - 0.95. The highest diversity index value is at Station 3 of 1.63 and the lowest diversity index is at Station 5 of 0.07, the highest uniformity index value is at Station 3 of 0.90 and the lowest diversity index is at Station 5 of 0.10, while The highest dominance index is at Station 3 of 0.97 and the lowest dominance index is at Station 9 of 0.23. Water quality parameters still show the optimum value with temperatures ranging from 27-30°C, brightness 53-63 cm, salinity 16-2 4 ppt and Ph 7.2 – 7.4. Optimum concentrations of chlorophyll a, b and c from morning to afternoon with sampling at 08.00 – 12.00 with chlorophyll a value of 0.3447 µg.L-1, chlorophyll b 0.2081 µg.L-1 and chlorophyll c 0.03 µg.L-1.
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INTRODUCTORY
Dinoflagellate community structure is one of the ecological study that studies a dinoflagellate ecosystem and its relationship to environmental factors in the waters. Dinoflagellates are a class of dangerous phytoplankton found in the sea and river waters (Sediadi, 1999). Dinoflagellates are derived from the Greek words dinos "spin" and flagella "whip", meaning the rotating motion of the two flagella in a vertical groove which later became the basis for naming the organism. Dinoflagellate’s characteristic is that it grows rapidly, ranging from 1-15 days in multiples and can be doubled (Tomas, 1997). Dinoflagellates can be dangerous if the danger exceeds the threshold in waters which is commonly known as blooming. Dinoflagellates are a class of phytoplankton and are divided into two groups, namely autotrophic and heterotroph dinoflagellates. Heterotrophic dinoflagellates are predators of autotrophic dinoflagellates in the waters. Autotroph dinoflagellates contain chlorophyll which is used in the process of photosynthesis and is one of the components of primary productivity in waters other than diatoms. The overall abundance of dinoflagellates is strongly influenced by autotrophs of dinoflagellates containing chlorophyll (Matsuoka and Shin, 2010). Dinoflagellates can have a negative impact on coastal ecosystems.
Dinoflagellate is a causative organism to the incidence of HABs, as has happened in the last few decades. Dinoflagellate population explosion can be a problem because it contains toxins and discoloration of the waters (discoloration). Toxins produced by dinoflagellates can enter the food chain, change the color of the waters, produce foam, cause unpleasant odors, and reduce the oxygen content in water. This poses a threat to coastal ecosystems and human health. Types of poison that can be produced, such: Paralytic Shellfish Poisoning (PSP), Diarrehetic Shellfish Poisoning (DSP), Neurotoxic Shellfish Poisoning (NSP), Amnesic Shellfish Poisoning (ASP), and Ciguatera Shellfish Poisoning (CSP) (Van de Waal et al., 2014).
Tarakan City is one of the cities in North Kalimantan Province with an area of ​​250.80 km2 with a population of 239,787 people. Various human activities can cause water pollution such as ports, aquaculture, industry, and settlements. In addition, there are various shipping and industrial activities around scenic waters that will produce aquatic waste. The resulting impact can be indirectly on the survival of marine organisms such as an explosion in the population of aquatic organisms. Damar et al., (2012) stated that the population explosion that occurs from toxic algae species will pose a very significant threat to human health and fishery resources for fishermen's catches. Furthermore, there are negative impacts on aspects of ecology, tourism, biodiversity and public health. Thus, it is necessary to conduct an assessment to determine the structure of the dinoflagellate community in the sea waters of Juata Permai Village, Tarakan, so that it can be used as a basis for management in Tarakan City. This study aims to analyze the structure of the phytoplankton community, especially from the dinoflagellate class, namely in terms of the number of species, and the abundance of dinoflagellates in the waters of Tarakan, Juata Laut Village, Tarakan City.

RESEARCH METHODS
Time and Place
Sampling was carried out four times in April-May 2022. Sampling time followed the pattern of seasonal differences which were closely related to differences in the amount of monthly rainfall (mm) in 2022 from the One-Stop Service of the Meteorology, Climatology and Geophysics Agency (BMKG), City Tarakan. Dinoflagellate abundance analysis was carried out at the Laboratory of Nutrition and water quality laboratory, Faculty of Fisheries and Marine Sciences, University of Borneo Tarakan.


Data collection
Data Collection Water quality parameters measured in situ include temperature, pH, salinity and brightness. Ex situ includes nutrients such as nitrate, phosphate and chlorophyll. Dinoflagellate abundance was defined as the number of dinoflagellate individuals or cells per unit volume (L) obtained through water samples filtered using a plankton net with a mesh size of 30 m by the towing method with a distance of 5 m. Dinoflagellate samples were stored in dark bottles, then preserved with a 4% formalin solution. the abundance of dinoflagellates was calculated using the following equation (Yuliana et al., 2012).
N= n xxx
Information:
N : the abundance of dinoflagellates (cells/m3)
n : the number of organisms observed (cells)
Vt : volume of filtered water (mL)
VSRC : volume of one SRC (1 mL)
ASRC : SRC cross-sectional area (mm2)
Aa : area of observation (mm2)
Vd : volume of filtered water (m3)
Diversity is a description of a number of species in a community. The species diversity index was calculated using the following formula (Wilhm JL and Dorris TC, 1968):
H’ = -∑Pi ln Pi; Pi=ni/N
Information:
H' : diversity index
ni : the number of individuals of type i
N : total number of individuals

The range of diversity index values is classified as
H' < 2.3026 : low diversity and low community stability
2.3026 <H'<6.907 : moderate diversity and moderate community stability
H' > 6.9078 : high diversity and high community stability
The uniformity index (E) is used to explain how much the number of individual distributions of each species is similar at the community level. The calculation of the species uniformity index is carried out using the following formula (Wilhm JL and Dorris TC, 1968):
E = H’/Hmax
Information:
E : uniformity index
H' : diversity index
Hmax : maximum diversity index (= ln S, where S = Number of species)


The range of uniformity index values is classified as:
E > 0.6 : high specificity uniformity
0.4 E 0.6 : medium type uniformity
E < 0.4 : low specificity
The dominance index is used to determine the quantity of a species or genus that dominates in a population. The calculation method used is the dominance index formula which is presented as follows (Wilhm JL and Dorris TC, 1968):
D = ∑ (ni/N)2
Information:
  D : Simpson dominance index
  ni : the number of individuals of the ith genus
  N : total number of individuals
The dominance value (D) ranges from 0 – 1 with the following criteria: D < 1 : means that there is no dominant species or stable community D = ∞1: means that there is a dominance of a certain species or the community is in an unstable condition.
RESULTS AND DISCUSSION
IDENTIFICATION OF DINOFLAGELLATE TYPE AND ABUNDANCE IN JUATA PERMAI WATERS
Research in Juata waters found seven types of dinoflagellates, namely: Ceratium spp., Noctiluca sp., Protoperidinium spp., Prorocentrum spp., Gymnodinium sp., Gonyaulax sp., and Dinophysis sp. In general, the percentage of dinoflagellate abundance describes a fairly varied species abundance. Two types of dinoflagellates was found in this study, namely Ceratium spp and Noctiluca sp. have the highest value at each sampling time. Both types of dinoflagellates are often found in tropical waters.
[image: Chart, waterfall chart

Description automatically generated]
Image of Average species abundance dinoflagellate cell.L-1
The highest average dinoflagellate abundance was at the third sampling time of the Noctiluca sp. species, while the lowest was at the second incubation period of the species.
Figure The total abundance of dinoflagellates (cell.L-1) by time of observation in the Juata Permai Waters of Tarakan

Gymnodinium sp. and the sixth of the Dinophysis type. Dinoflagellate abundance pattern varied at each sampling time. The abundance of Noctiluca sp. increased in the third incubation period (10.00-12.00) by 495 cells.L-1 and was the highest abundance found in this study. The lowest decrease (10 cells.L -1) occurred in the sixth incubation period (14.00-18.00). Dinophysis sp. found in the third incubation period (10.00-12.00), its abundance increased (85 cells.L-1) in the fifth incubation period (14.00-16.00) and decreased drastically (8 cells.L-1) in the sixth incubation period (16.00-18.00).
The value of the total abundance of dinoflagellates will provide an overview of the abundance of dinoflagellates for a day in the Juata Permai Waters of Tarakan. The results of the study (Figure 2) found that the total abundance of dinoflagellates fluctuated at each incubation period. The total abundance of dinoflagellates was at 06.00 – 08.00 (594 cell.L-1) and increased at 08.00-10.00 (680 cell.L-1), at 10.00 – 12.00 (720 cell.L-1), and decreased at 12.00-14.00 (818 cell.L-1). The highest increase in total abundance occurred at 14.00-16.00 (930 cell.L-1), while the lowest decrease occurred at 16.00 -18.00 (450 cell.L-1).
DIVERSITY INDEX (H'), UNIFORMITY INDEX (E), AND DOMINANCE INDEX (D)
Based on the analysis of the diversity index, the uniformity and dominance of dinoflagellates ranged from 0.06 - 1.53, respectively, with 0.09 - 0.80 uniformity and 0.23 - 0.95 dominance. The highest diversity index value is at Station 3 of 1.63 and the lowest diversity index is at Station 5 of 0.07, the highest uniformity index value is at Station 3 of 0.90 and the lowest diversity index is at Station 5 of 0.10, while The highest dominance index is at Station 3 of 0.97 and the lowest dominance index is at Station 9 of 0.23. The results of the diversity index, uniformity index and dominance index can be seen in the image below.

Figure The value of diversity index (H'), uniformity index (E), and dominance index (D) of dinoflagellates at each sampling in Juata Permai Tarakan waters based on research time

Diversity is a description of the presence of the number of species in a community. The diversity index value at stations 1 and 3 is in category 1 < H´ < 3, meaning that it is included in the criteria for species diversity and moderate community stability, while at stations 2, 4 and 5 it is in the category H´ < 1, which means it is included in the criteria for species diversity and low community stability. Khalik et al., (2021) said that the more individuals or species, the greater the number of plankton diversity in a water, and vice versa, if there are no individuals or species that dominate or the number, is much greater, the value of the diversity of plankton in the waters is moderate to high. with high.
The uniformity index (E) is used to explain how much the number of individual distributions of each species is similar at the community level. The uniformity value at stations 1 – 4 is classified in the category of high uniformity (> 0.6) or evenly distributed. The high uniformity index at each plankton sampling location is due to the absence of individuals or species that dominate the waters or their distribution is evenly distributed, while at station 5 the uniformity value is low (<0.4) which indicates that some individuals or species dominate the waters so that the distribution of the number of each type not the same. If the diversity value is low, the uniformity value is also low. Pirzan et al., (2008) said that if the uniformity value is close to zero, the uniformity between species in the community is low or the distribution is not the same, and if the uniformity value is close to 1, the uniformity between species is said to be even or the same.
The dominance index is used to determine the quantity of a species or genus that dominates in a population. The value of the dinoflagellate dominance index found in the Juata scenic waters of Tarakan City at stations 1 – 5 got a value of D < 1. Odum (1993) said that the dominance index that was close to 0 means that no particular individual or species dominates, on the contrary, if the index value is close to 0 then no particular individual or species dominates. dominance is close to 1 or equal to 1 then some certain individuals or species dominate in the waters. At station I, the mangrove area and station II near residential areas, during the observations at both locations, no species dominated in the two sampling locations.
WATER QUALITY PARAMETERS
Brightness
	Station
	Temperature (0C)
	Brightness (Cm)
	Salinity (PPT)
	PH

	1
	28
	57
	18
	7,2

	2
	28
	63
	15
	7,5

	3
	30
	53
	18
	7,4

	4
	28
	65
	24
	7,5

	5
	27
	58
	23
	7,2


 From the results of water quality measurements, the temperature at stations 1 – 5 ranges from 27 – 30°C which shows that the temperature in the waters in the study area is still in optimal conditions for the life of organisms. Water temperature is one of the factors that affect the life of organisms in it, including phytoplankton, an increase in temperature can affect the rate of metabolism and the photosynthetic process of phytoplankton. Water temperature is affected by sunlight. The higher the temperature and the higher the light intensity, the higher the photosynthesis process. The minimum temperature for phytoplankton to carry out photosynthesis is 5°C while the optimal temperature for phytoplankton to carry out photosynthesis is 25-30°C.
From the results of water quality measurements, the brightness at stations 1 – 5 ranges from 53 - 63 cm which indicates that the brightness in the research area is still classified as good. A good brightness value for the survival of aquatic organisms is > 45 cm. Brightness is a measure of water transparency and measurement of sunlight in water. Brightness can be affected by high tide and low tide and the intensity of sunlight entering the waters. The brightness of water is very much needed by phytoplankton in carrying out photosynthesis, this is an important part of phytoplankton in absorbing energy and then using it to produce food.
From the results of measurements of water quality Salinity at stations 1 – 5 ranges from 18 – 24 ppt. Salinity is the level of dissolved salt in water, the distribution of salinity is influenced by several factors such as water circulation patterns, evaporation, rainfall and river flow. Salinity in estuaries fluctuates dramatically over time. When seawater with a salinity of about 35ppt mixes with fresh water from rivers with a salinity of 0 ppt. This mixing process then forms a salinity gradient of 5-30 ppt which is the salinity value in normal estuaries.
CHLOROPHYLL
Chlorophyll is one indicator of the fertility level of a water. The distribution of chlorophyll is closely related to the abundance of phytoplankton, especially dinoflagellates. The content of chlorophyll a experienced the highest increase of 0.3447 g.L-1 at 10.00 – 12.00 and the lowest decreased at 0.02412µg.L-1 at 12.00 – 14.00. The content of chlorophyll-a ranged from 0.00069 - 0.50321 g.L-1 . The content of chlorophyll found in this study was low. This is reinforced by the statement of Zulkarnaen (2009) that the concentration of chlorophyll-a in coastal and coastal waters is relatively high compared to the high seas, due to the supply of nutrients through river run-off from the mainland. Al-Hashmi et al. (2014) also stated in Muscat Arabian Coastal Waters that the value of chlorophyll content in offshore waters is also low. In this study, the chlorophyll content in offshore waters was lower (0.2 – 1.0 g.L-1) when compared to coastal areas (1.1 – 2.7 g.L-1). The content of chlorophyll b increased to 0.20813 g.L-1 at 08.00 – 10.00 and decreased to 0.05432 g.L-1 at 10.00 – 12.00. The content of chlorophyll c was only found at 0.04154 g.L-1 at 10.00 – 12.00 and 0.02642 g.L-1 at 12.00 – 14.00. At other sampling times, no chlorophyll c content was found in these waters.
The main pigment in this study was chlorophyll a so there was a decrease in chlorophyll b and c. Several types of dinoflagellates at the time of the fourth sampling had different pigment content in their chloroplasts (chlorophyll and additional pigments). Where each pigment has a different ability to absorb solar energy. Chlorophyll a has the highest value and fluctuates at each incubation period so that it has the same pattern as the abundance of dinoflagellates, with this similarity the content of chlorophyll a affects the abundance of dinoflagellates in the Juata Permai waters of Tarakan. In the process of photosynthesis, the content of chlorophyll a is very necessary. Figure The average concentration of several types of chlorophyll can be seen below:

Figure The average concentration of several types of chlorophyll (µg.L-1) according to the time of observation in the Juata Permai Waters of Tarakan
NITRATE AND PHOSPHATE
The highest nitrate content was found in the fourth incubation period (0.376 mg.L-1) and the lowest at the first sampling time (0.243 mg.L1). Meanwhile, the highest phosphate content was obtained during the fourth incubation period (0.529 mg.L-1) and the lowest at the first sampling time (0.015 mg.L-1). The value of nitrate and phosphate content has a similar value where the highest and lowest values ​​are the same at the first and fourth sampling times, although they do not show a proportional pattern. Phosphate shows a highly volatile pattern compared to nitrate. The content of nitrate and phosphate in Juata Permai Tarakan waters is classified as eutrophic waters with a concentration of nitrate 0.243-0.326 mg.L-1 and phosphate 0.015- 0.529 mg.L-1. Nutrient elements in the waters of Juata Play Tarakan are quite high. However, the high level of nutrients in the waters does not cause blooming because it is still categorized as a normal abundance. Graphs of nitrate and phosphate can be seen in the image below:

	Figure Concentration of nitrate (mg.L-1) and phosphate (mg.L-1) according to time of observation in Juata Permai Tarakan Waters

ACKNOWLEDGMENTS
We would like to thank the Institute for Research and Community Service (LPPM), the University of Borneo Tarakan, which has provided financial support in the form of the 2022 DIPA Grant, and the entire team from the Faculty of Fisheries and Marine Sciences who have assisted in the smooth running of this activity.

BIBLIOGRAPHY 
[APHA] American Public Health Association. 2012. Standard Methods for the Examination of Water and Wastewater, 22nd ed. Rice EW, Baird RB, Eaton AD, Clesceri LS, editor. Washington DC (US): APHA.
Brosnahan ML, Farzan S, Keafer BA, Sosik HM, Olson RJ, Anderson DM. 2014. Complexities of bloom dynamics in the toxic dinoflagellate Alexandrium fundyense revealed through DNA measurements by imaging flow cytometry coupled with species-specific rRNA probes. Deep Sea Research Part II: Topical Studies in Oceanography. 103:185- 198.doi: 10.1016/j.dsr2.2013.05.034
Damar A, Colijn F, Hesse K-J, Wardiatno Y. 2012. The eutrophication states of Jakarta, Lampung and Semangka Bays: Nutrient and phytoplankton dynamics in Indonesian tropical waters. Journal of Tropical Biology and Conservation. 9(1):61-81 
Davidson K, Gowen RJ, Harrison PJ, Fleming LE, Hoagland P, Moschonas G. 2014. Anthropogenic nutrients and harmful algae in coastal waters. Journal of environmental management. 146:206-216
Glibert PM, Anderson DM, Gentien P, Graneli E, Sellner KG. 2005. The global, complex phenomena of harmful algal blooms. Oceanography. 18(2):137- 147.doi:10.5670/oceanog.2005.49.
Matsuoka K, Shin HH. 2010. Environmental changes in the inner part of Ariake Sound, west Japan recorded in dinoflagellate cyst assemblages. Coastal Environmental and Ecosystem Issues of the East China Sea.111-120
Park J, Jeong HJ, Yoo YD, Yoon EY. 2013a. Mixotrophic dinoflagellate red tides in Korean waters: distribution and ecophysiology. Harmful Algae. 30: S28- S40.doi: 10.1016/j.hal.2013.10.004 
Pirzan, A.M., Utojo, M. Atmomarso, M. Tjaronge, A.M. Tangko, Hasnawi. 2008. Potensi lahan budi daya tambak dan laut di Kabupaten Minahasa, Sulawesi Utara. Jurnal Penelitian Perikanan Indonesia. 50 p
Schulte T, Johanning S, Hofmann E. 2010. Structure and function of native and refolded peridinin-chlorophyll-proteins from dinoflagellates. European journal of cell biology. 89(12): 990-997.doi: 10.1016/j.ejcb.2010.08.004
Sediadi A. 1999. Ekologi Dinoflagellata. Oseana. 24(4):21-30.
Smayda TJ. 2002. Adaptive ecology, growth strategies and the global bloom expansion of dinoflagellates. Journal of Oceanography. 58(2):281-294
Supono. 2008. Analisis diatom epipelic sebagai indikator kualitas lingkungan tambak untuk budidaya udang [tesis]. Semarang (ID): Universitas Diponegoro.
Takao S, Hirawake T, Wright S, Suzuki K. 2012. Variations of net primary productivity and phytoplankton community composition in the Indian sector of the Southern Ocean as estimated from ocean color remote sensing data. Biogeosciences. 9(10): 3875-3890.doi:10.5194/bg-9-3875-2012
Tomas C R. 1997. Marine plankton identification. London (UK): Academic Press, Inc. 875 p
Odum EP. 1998. Dasar-dasar Ekologi. Yogyakarta (ID): Gadjah Mada University Press. Terjemahan dari Fundamentals of Ecology. Alih Bahasa Samingan, T. Edisi Ketiga. 697 p
Van de Waal DB, Smith VH, Declerck SA, Stam E, Elser JJ. 2014. Stoichiometric regulation of phytoplankton toxins. Ecology letters. 17(6):736- 742.doi:10.1111/ele.12280.
Wang S, Tang D, He F, Fukuyo Y, Azanza RV. 2007. Occurrences of harmful algal blooms (HABs) associated with ocean environments in the South China Sea. Hydrobiologia. 596(1): 79-93.doi:10.1007/s10750-007-9059-4.
Wilhm JL, Dorris TC. 1968. Biological parameters for water quality criteria. BioScience. 18:477.
Yamaji I. 1979. Illustration of the Marine Plankton of Japan. Osaka (JP): Hoikusha Publishing Co. Ltd. 537 p. 
Yuliana, Adiwilaga EM, Harris E, Pratiwi NTM. 2012. Hubungan antara kelimpahan fitoplankton dengan parameter fisik-kimia perairan di Teluk Jakarta. Jurnal Akuatika. 3(2):169-179.
Zegarra M, Helenes J. 2011. Changes in Miocene through Pleistocene dinoflagellates from the Eastern Equatorial Pacific (ODP Site 1039), in relation to primary productivity. Marine Micro
Kelimpahan  	06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	594	680	720	810	930	450	Sampling Time


Average number of individuals per incubation period



Indeks Keanekaragaman	
1	2	3	4	5	1.45	0.1	1.63	0.12	7.0000000000000007E-2	Indeks keseragaman	
1	2	3	4	5	0.7	0.75	0.9	0.8	0.1	Dominansi	
1	2	3	4	5	0.35	0.8	0.97	0.7	0.23	



Klorofil a	
06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	0	0	0.34470000000000001	2.41E-2	0	0	klorofil b	
06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	0	0.20813000000000001	4.7750000000000001E-2	5.432E-2	0	0	klorofil c	
06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	0	0.01	0.03	0.02	0	0	Sampling Time


Value of the average concentration of chlorophyll




Nitrat 	
06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	0.24299999999999999	0.38100000000000001	0.29599999999999999	0.32600000000000001	0.28499999999999998	0.255	Fosfat	
06 sd 08	08 sd 10	10 sd 12	12 sd 14	14 sd 16	16 sd 18	1.4999999999999999E-2	0.39500000000000002	1.2E-2	0.52900000000000003	0.02	0.47499999999999998	Sampling Time


Concentration of nitrate and phosphate content (mg.L-1)




image1.png
& ds wnupouwAn
& ds ssAydoug

& ds wniuaoololg
€ ds wnupouwAn

W8 o ejopoon
8 s wnpradoros

-

W ds ssAydouiq

EEEA. o ejopoon

W ds xejnoiuon

s oo

WS dds wnnesen

~

R s eonjpoon
8333333333

TR

16s.d

08s.d 10 10s.d 12 12sd14 14sd 16

065.d 08

18




