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Diversity of Dinoflagellates Cyst isolated from Mouth River Sediment of
Brantas and Bengawan Solo River
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Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish, and marine
habitats and are major components and play an important role in marine ecosystems. Dinoflagellate cysts (dinocysts) are produced by
dinoflagellates in an unfavorable environment and can be stored well in organic matter for a long time. More than 200 dinoflagellate
species have so far been observed to produce resting cysts and to be associated with the maintenance, discontinuation, and repetition of
annual blooms. This study identified based on the morphological characteristics of dinoflagellate cysts from the estuary of the
Bengawan Solo River and the estuary of Brantas river. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River
mouth has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagellate cyst that dominates at the
mouth of the Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas river it is Polykrikos schwartzii.
Shade graph analysis showed a number of species found only in the estuary of the Bengawan Solo River, namely Zygabicodinium
lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on the results of
this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to document genetic information. In
addition, this information is very important in the management of coastal areas around the estuaries of the Bengawan Solo and Brantas
rivers to prevent dinoflagellate population explosions that may have negative impacts on various sectors.

Keywords: algae, dinoflagella, diversity, estuary, toxic
Running title: Andriyono et al. Diversity of Dinoflagellate Cyst

INTRODUCTION

Changes in the phytoplankton community in waters can occur when a number of harmful microalgae species grow and
dominate the water column, and then cause environmental problems. This event is known as Harmful Algal Bloom (HAB).
Following the concept of the Intergovernmental Oceanographic Commission (I0C-UNESCO), states that HAB is defined
as a phenomenon of harmful algae growth in water which causes environmental problems (Hallegraeff 2003), losses to the
fisheries sector and even causes death to humans (Hadisusanto and Sujarta 2010). The harm caused by HAB events spans
both spatial and temporal scales. Agricultural-scale losses include mass mortality of farmed fish, poisoning of marine food
sources, itching of beachgoers, and others. HAB events are generally due to nutrient enrichment, high temperature, low
oxygen levels and reduced light intensity, so that dinoflagellates can grow rapidly. This incident is very common in the
estuary area of the river (Sudarmiati and Zaman 2007). Most of the algae that cause HABs belong to the dinoflagellate
group (Hadisusanto and Sujarta 2010).

Dinoflagellates are included in the microalgae group found in sea and river waters (Senanayake et al. 2021).
Dinoflagellates play an important role in waters, namely as primary producers (Hoppenrath et al. 2014, Price and
Bhattacharya 2017). As microalgae, dinoflagellates have a unique ability to survive in the competition of natural selection.
Under good water conditions, dinoflagellates can reproduce massively in the water column in the form of actively dividing
swimming cells. When environmental conditions are bad nutrient enrichment (Faizal et al. 2012), high temperatures above
30°C (Nitajohan 2008), low oxygen levels and reduced light intensity), they stop dividing and mate to form cysts which
hibernate and are able to survive in sediments for many years (Kurniawan 2008). The zygote is also produced by
dinoflagellates by mating or fusion of gametes produced by vegetative dinoflagellate cells, securely protected within the
thick walls of the cyst and highly resistant to adverse conditions (Alves-de-Souza et al. 2008, Bravo and Figueroa 2014,
Dale 1983). In this regard, a study of the biodiversity of dinoflagella cysts in the estuaries of the Bengawan Solo and
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Brantas Rivers in East Java was conducted using a morphological identification approach. Follow-up research from this
activity confirms re-identification through a molecular approach to analyze diversity based on DNA characteristics
possessed.

MATERIALS AND METHODS

Samples collection

Sediment at the bottom of the river mouth was collected with an Ekman Grab size 152x152x230 mm and put in plastic
which was labeled according to the location of the sample. At each location of the river estuary, sampling was carried out
at four locations with each location being repeated three times. The coordinate points for sampling (Figure 1) at the mouth
of the Brantas River and the mouth of the Bengawan Solo River are presented in Table 1.

Bojonegoro

Pamekasan

Sid?érjo

(&

JAWATIMUR

/\/_/

Probolinggo

Figure 1. Sampling locations in two river mouths in East Java (https://earth.google.com/)

Table 1. Coordinate point of sediment sampling
No. River location Coordinate point
06°51°44” S 112°30°06” E
06°50°18” S 112°31°25” E

1 Bengawan Solo 06°49°36” S 112°32°36” E
06°50°14” S 11235 15" E
07914597 S 112°50°45” E
076°16'37” S 112951735 E
2. Brantas

07°18°19” S 112°51°34” E
07°21°03” S 112°51°09” E

Sediment Separation With Dinoflagellate Cysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo, 2000) where the sample is
weighed using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass container then added sterile
sea water until it reaches a size of 50 ml, then the sonication process is carried out for 15 minutes using an ultrasonic
sonicator to remove cysts attached to sediment particles. Furthermore, the sieving process is carried out using a filter
which is arranged in stages based on the size of the pores. The sieving stage uses 3 filters with sizes of 250 um, 125 um
and 20 um. The sample that has been filtered is then precipitated using a petri dish, then filtered again using a sieve with a
mesh size of 20 um. The filtered cyst was then put into a 10 ml sample bottle for morphological analysis.

Determination of the rate of water content
Determination of the rate of water content is carried out to determine the water content contained in the sediment
sample. Wet sediment samples were first weighed 4-5 grams using an analytical balance which was then put into the oven
with a temperature of 150°C for 1 hour. After that the dry sediment samples were weighed again. Previous research
(Matsuoka and Fukuyo 2000) used the formulation and the calculation stage used the following formulation:
Bb — Bk

R=——""11009
gy 100%
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Information:

R = Rate of water content (%);
Bb = wet weight (9);

Bk = dry weight (g).

Dinoflagellate Cyst Abundance Calculation
The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer with 8 fields of
view. The abundance of dinoflagellate cysts was calculated based on the previous research formulation (Matsuoka and
Fukuyo 2000)
N

Cyst per gram WA =R
Information :

N = Number of cysts observed (ind g-1);
W = Weight of wet sediment (g);

R = Rate of water content (%).

Identification of Dinoflagellate Cyst Morphology

Observation of dinoflagellate cysts was carried out by taking a sample to be observed using a dropper pipette of 1 ml,
then transferred to a hemacytometer container, then observed under a light microscope. Each dinoflagellate cyst sample
was identified to the genus and species level based on the published description of the dinoflagellate cyst by the researcher.
(Alkawri 2016, Mertens et al. 2020)

Data Analysis

All data is presented in a table using Microsoft Excel software. Meanwhile, similarity analysis, Shade Graph analysis
and dinoflagellate abundance from two different sampling locations were analyzed using Primer-e software (Clarke and
Gorley 2015).

RESULTS AND DISCUSSION

Results
Identification of Dinoflagellate Cyst Morphology

Identification of the morphology of the dinoflagellate cysts varied quite a lot in the estuaries of the Berantas and
Bengawan Solo rivers (Table 1). The Bengawan Solo estuary has a higher diversity of four species of dinoflagella cysts
compared to the Brantas river estuary which only has 12 species. The type of Protoperidinium obtusum was found to
dominate in the mouth of the Bengawan Solo River, while the type of Scrippsiella lachrymose dominated in the mouth of
the Brantas river.

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River and the mouth
of the Brantas river

Average abundance of dinoflagellate cyst
No. Species name (cyst g sediment)
Brantas Bengawan Solo
1 Alexandrium catenella 48 35
2 Alexandrium minutum 93 66
3 Brigantedinium sp. 42 28
4 Cochlodinium polykrikoides 48 69
5 Gymnodinium catenatum - 43
6 Gyrodinium sp. 50 32
7 Pentapharsodinium tyrrhenicum 106 150
8 Polykrikos kofoidii - 39
9 Polykrikos schwartzii 170 89
10 Protoperidinium compressum 32 R
11 Protoperidinium leonis - 50
12 Protoperidinium oblongum 112 251
13 Protoperidinium obtusum 139 -
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14 Protoperidinium pentagonum - 41
15 Scrippsiella crystallina 147 68
16 Scrippsiella lachrymosa 130 214
17 Votadinium sp. - 27
18 Zygabikodinium lenticulatum - 39

Biodiversity Analysis of Dinoflagellate Cysts

Based on the data on the abundance of dinoflagellate cysts obtained, a biodiversity analysis was carried out to
determine the dominating species and distribution patterns of cyst species in river estuaries in East Java. Each sampling
location was repeated 4 times to reduce the resulting data bias. Biodiversity analysis includes Margalef Index (d), Pielou's
Evenness (JY), and Shannon-Wiener Index (H'). Referring to the Shannon-Wiener Index (H') value, it shows that the mouth
of the Bengawan Solo river (2.1055) has higher diversity than the mouth of the Brantas river (2.0363). This report is the
first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in East Java.

Table 2. Biodiversity analysis of dinoflagellate cysts at the mouth of the Bengawan Solo River and the mouth of the
Brantas river

Biodiversty Index
No. Lokasi Margalef Index Pielou’s Evenness Shannon-Wiener Index
(d) ) H’)
1 Bengawan Solo 2.7193 0.97933 2.1055
2 Brantas 2.4346 0.98888 2.0363

Analysis of Similarity and Abundance of Dinoflagellate Cyst Types

Transform: Log(X+1)
Standardise Samples by Total
Resemblance: 817 Bray-Curtis similarity

20
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Figure 2. Analysis of similarity from 8 sampling locations in two different river mouths

The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found in both
regions (Figure 2). The data was processed using Primer-e software and at the same time analyzing species abundance at
each sediment collection location. Only the 4 sampling locations at the mouth of the Bengawan Solo River had the highest
abundance and were different from other locations. Meanwhile, the sampling locations at the mouth of the Brantas river
were in one clade which had a fairly high similarity between the four replicates. An abundance analysis (Figure 3) was
carried out to find out certain species that have the potential to cause harmful algae blooms (HAB) which are feared to be
detrimental to fishing activities and even endanger public health. The results of the Shadegraph showed that the type of
dinoflagellate cyst was identified which was only found in the mouth of the Brantas river, namely the type of
Protoperidinium compressum. Meanwhile, at the mouth of the Bengawan Solo River, there are several species that are not
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found at the mouth of the Brantas river, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium
pentagonum, Gymnodinium catenatum, and Votadinium sp.

N ° < e 2 D 2 > Location
v v v v A A A A
v BR

Protoperidinium leonis

Scrippsiella crystallina
Alexandrium minutum
f Polykrikos schwartzii
Protoperidinium obtusum
cochladinium polykrikoides
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] Protoperidinium oblongum
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Polykrikos kofoidii
2 i Protoperidinium pentagenum
0]

Alexandrium catenella

Brigantedinium sp

Gyrodinium sp

Gymnodinium catenatum

| Votadinium sp

L———  Protoperidinium compressum

Figure 3. Graph of species distribution at each sampling location at the mouth of the Brantas river (br) and the mouth of the Bengawan
Solo River (bs). The color intensity indicates the higher the abundance of the species found. The estuary of the Bengawan Solo River
has a higher diversity index than the estuary of the Brantas river. The type of dinoflagellate cyst that predominates in the estuary of the
Bengawan Solo River is this type

Discussion

The diversity of dinoflagella cysts needs to be studied because this type of dinoflagella has the potential to become a
plankton group that needs to be watched out for (Bravo and Figueroa 2014). This report is the first to identify
dinoflagellate cysts in East Java, specifically at the mouths of large rivers in the Bengawan Solo River and Brantas river
mouths. The existence of dinoflagellates in a number of areas has received intensive attention, including mapping the
distribution and species present to avoid losses incurred when this type of dinoflagellate experiences a population
explosion. Previous research on the presence of dinoflagella explosions has been reported in a number of countries such as
Australia (Riding et al. 2010), Chile (Alves-de-Souza et al. 2008), and France (Luo et al. 2019). Meanwhile, studies of
dinoflagellate cysts in Indonesia have been carried out in several areas such as Lampung Bay (Thoha et al. 2019), Jakarta
and Flores (Matsuoka and Fukuyo 1999), Central Jawa (Matsuoka 1983, 1984), Makassar (Rukminasari and Tahir 2020),
and Pankajene (Rachman et al. 2022). This incident has harmed activities related to aquatic resources such as fishing
activities which have had a huge impact. Losses due to the harmfull algae blooms have been reported which have caused
the death of a number of fish in the waters and damaged the surrounding aquaculture activities (Jardine et al. 2020,
Sakamoto et al. 2021). A number of regions also reported their impact on human health causing a number of disturbances
(Grattan et al. 2016). Thus, this research is essential to be carried out to predict the potential for a dangerous algae
population explosion.

In this study, two large river estuaries in East Java are important locations because around these locations many fishery
activities are developing, especially shrimp (Litopenaeus vanamae) and milkfish (Chanos chanos) ponds which are the
mainstay of this region. The estuary of the Bengawan Solo river is in the Gresik area which is a quite high producer of
milkfish (Rohman et al. 2021) in addition to intensive artisanal fishing activities carried out (Collier 2019). in addition to
intensive artisanal fishing activities carried out (Collier 2019). Meanwhile, the Brantas River, which is also quite large,
passes through the city of Surabaya which then branches towards North Surabaya and East Surabaya. The eastern
Surabaya area is very close to Sidoarjo Regency, which is also one of the Penaeus vanamae white shrimp pond areas
(Hukom et al. 2020).

There were two species found in all research locations, namely the species Protoperidinium oblongum and
Pentapharsodinium tyrrhenicum. The ecological function of dinoflagellates in water has received the attention of a number
of researchers. Under unfavorable conditions, dinoflagellates will produce cysts that are able to survive and settle in
aquatic sediments. Dinoflagellate cysts play an important role biologically and ecologically because cysts can help
dinoflagellate species survive in harsh environments, provide opportunities and facilitate their dispersal in aquatic habitats,
and act as seeds in algae blooms (Bravo and Figueroa 2014). In addition, the dinoflagellates of some species can produce
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more toxins than the vegetative forms, seriously affecting the species through its food web and even human health
(Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the impacts of algae blooms include beach pollution, lack of
oxygen, and the death of marine species on a large scale (Bates and Trainer 2006, Park et al. 2013). The Alexandrium
tamarense has been identified released of toxin (Oshima et al. 1992), and in this study we found two species in the genus
Alexandrium (A. catenella dan A. minutum). Therefore, accurate identification of dinoflagellates is an important first step
in their early detection and function in ecological studies. Because dinoflagellates have limited or even non-existent
taxonomic keys, molecular methods to identify dinoflagellates have become a priority as a continuation of this research. In
the current study, morphological identification was carried out by taking into account a number of general characteristics,
such as the shape of the resulting cyst and its ornamentation, the structure and color of the walls, and the type of opening
or archeopyle (Matsuoka and Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even though a
number of studies on dinoflagellate species have been identified in a number of areas. The main cause of the algae
population explosion is nutrients in the waters which are abundant and support algae growth in a short time (Piranti et al.
2021). Algae bloom events can occur in fresh water and marine waters. Cases that have been reported in a number of
publications are the waters of the Jakarta bay which caused mass fish deaths (Kurniawan 2008, Wouthuyzen et al. 2007).
Although in East Java there have been no reports of algae blooms, it is hoped that research on the potential for HABs in
East Java waters can be mitigated from the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Indonesia are still very limited. Monitoring activities for the type
Pyrodinium bahamense have been carried out to anticipate the presence of alagae blooms in Indonesia including, Lampung
Bay, Jakarta Bay, Cirebon coastal waters and Ambon Bay (Rachman et al. 2021). Studies on the diversity index of
dinophagellate cysts have been reported in Muara Jeneberang and Paotere Harbor with values ranging from 0.82-1.01
(Rukminasari and Tahir 2021). This diversity value is still relatively low when compared to the biodiversity of dinoflagella
cysts in East Java with a Shannon-Wiener index ranging from 2.0363-2.1055. Another report in South Sulawesi, Maros
estuary and Pangkep river estuary, which are included in the moderate category for the potential presence of HABs in this
area (Rukminasari and Tahir 2021). Based on previous research, the abundance of dinoflagellate cysts can be an indication
of the potential for HABs in particular region. There are four potential groups, namely very low, low, medium, high and
very high levels has been classified (McMinn 1991, Tian et al. 2018). Pevious study show that abundance of dinoflagellate
cysts in Lampung for the P. bahamense cyste is 1-100 cyste g* sediment (Rachman et al. 2021), while previous research
found M. polykrikoides type cysts measured with abundances ranging from 100-1000 cyste g sediment (Thoha et al.
2019). The abundance of P. bahamense in Cirebon waters was a serious case because it caused human death (Nurlina
2018), with a relatively high abundance of 100-1000 kiste g* sediment (Rachman et al. 2019). At the estuary of the
Bengawan Solo River, the highest abundance was Protoperidinium oblongum (115 g-1 sediment kiste) and the lowest
abundance was Protoperidinium leonis (21 g* sediment). Meanwhile, Alexandrium minutum was found with the highest
abundance (125 kiste g sediment) in the mouth of the Brantas river, with an average of 73 g sediment cysts found. Thus,
the condition of the mouth of the Brantas river and the mouth of the Bengawan Solo river still has a low potential for the
occurrence of HABs and an average abundance of 73 and 62 g kiste respectively (McMinn 1991, Tian et al. 2018).

CONCLUSIONS

Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the Bengawan Solo River and
the mouth of the Brantas river. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River mouth
has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagella cyst that dominates at
the mouth of the Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas river it is
Polykrikos schwartzii. Shade graph analysis showed a number of species found only in the estuary of the Bengawan Solo
River, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum,
and Votadinium sp. Based on the results of this study, it is necessary to carry out DNA characteristic tests of isolated and
cultured species to document genetic information. In addition, this information is very important in the management of
coastal areas around the mouths of the Bengawan Solo and Brantas rivers to prevent dinogellate population explosions
which may have negative impacts on various sectors.
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Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish, and marine
habitats and are major components and play an important role in marine ecosystems. Dinoflagellate cysts (dinocysts) are produced by
dinoflagellates in an unfavorable environment and can be stored well in organic matter for a long time. More than 200 dinoflagellate
species have so far been observed to produce resting cysts and to be associated with the maintenance, discontinuation, and repetition of
annual blooms. This study identified based on the morphological characteristics of dinoflagellate cysts from the estuary of the
Bengawan Solo River and the estuary of Brantas river. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River
mouth has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagellate cyst that dominates at the
mouth of the Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas river it is Polykrikos schwartzii.
Shade graph analysis showed a number of species found only in the estuary of the Bengawan Solo River, namely Zygabicodinium
lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on the results of
this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to document genetic information. In
addition, this information is very important in the management of coastal areas around the estuaries of the Bengawan Solo and Brantas
rivers to prevent dinoflagellate population explosions that may have negative impacts on various sectors.

Keywords: algae, dinoflagellate, diversity, estuary, toxic
Running title: Andriyono et al. Diversity of Dinoflagellate Cyst

INTRODUCTION

Changes in the phytoplankton community in waters can occur when a number of harmful microalgae species grow and
dominate the water column, and then cause environmental problems. This event is known as Harmful Algal Bloom (HAB).
Following the concept of the Intergovernmental Oceanographic Commission (I0OC-UNESCO), states that HABs is defined
as a phenomenon of harmful algae growth in water which causes environmental problems (Anderson et al. 2021), losses to
the fisheries sector and even causes illness to humans (Trevino-Garrison et al. 2015). The harm caused by HAB events
spans both spatial and temporal scales. Agricultural-scale losses include mass mortality of farmed fish, poisoning of
marine food sources, itching of beachgoers, and others. HAB events are generally due to nutrient enrichment, high
temperature, low oxygen levels, and reduced light intensity so that dinoflagellates can grow rapidly. This incident is very
common in the estuary area of the river (Ajani et al. 2013). Most of the algae that cause HABs belong to the dinoflagellate
group (Kudela and Gobler 2012).

Dinoflagellates are included in the microalgae group found in the sea and river waters (Senanayake et al. 2021).
Dinoflagellates play an important role in waters, namely as primary producers (Hoppenrath et al. 2014, Price and
Bhattacharya 2017). As microalgae, dinoflagellates have a unique ability to survive in the competition of natural selection.
Under good water conditions, dinoflagellates can reproduce massively in the water column in the form of actively dividing
swimming cells. When environmental conditions are bad nutrient enrichment (Faizal et al. 2012), warm temperatures
(Coffey et al. 2019), low oxygen levels and reduced light intensity), they stop dividing and mate to form cysts which
hibernate and are able to survive in sediments for many years (Head et al. 2013). The zygote is also produced by
dinoflagellates by mating or fusion of gametes produced by vegetative dinoflagellate cells, securely protected within the
thick walls of the cyst and highly resistant to adverse conditions (Bravo and Figueroa 2014). In this regard, a study of the
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biodiversity of dinoflagella cysts in the estuaries of the Bengawan Solo and Brantas Rivers in East Java was conducted
using a morphological identification approach.

The condition of the waters of the Bengawan Solo currently needs serious attention. The river flow originating from
Central Java and empties into East Java carries a number of materials including nutrients which can cause water
enrichment. The case of enrichment in the waters of the Bengawan Solo River has been carried out by previous studies.
Enrichment at the mouth of the river plays an important role in the dynamics of plankton populations in water areas
because phytoplankton will respond very quickly to changes in the concentration of the dissolved nutrients in the waters. It
is reported that nutrient enrichment events can reduce the value of biodiversity and the productivity of an ecosystem (Isbell
et al. 2013). This condition is human intervention which is the main cause of the activities that have been carried out both
on land and in aquatic (anthropogenic) ecosystems. This condition also has an impact on important ecosystems in the
coastal area, namely coral reef ecosystems (D’ Angelo and Wiedenmann 2014).

Meanwhile, the estuary of the Brantas river is also a major river in Java that crosses the provinces of Central Java to
East Java. Conditions similar to those at the estuary of the Bengawan Solo River, the estuary waters of the Brantas river
also receive a large amount of organic matter from human activities. Nutrient enrichment from the Brantas river has the
potential to cause enrichment in the Madura Strait waters (Janen et al. 2013). Increasing the proportion of nitrogen and
phosphorus in the water will change so that the highest concentrations can be accumulated in the estuary or coastal areas
compared to river areas (Jennerjahn and Kldpper 2013). With the dynamics of the potential for enrichment and the variety
of nutrient sources that enter the waters of the Bengawan Solo and Brantas rivers, research on the abundance and
identification of dinoflagellate species is very important. This is expected to be important data in the management of water
areas that minimize the occurrence of dangerous algae population explosions or Harmfull Algae Blooms (HABS).

MATERIALS AND METHODS

Samples collection

Sediment at the bottom of the river mouth was collected with an Ekman Grab size 152x152x230 mm and put in plastic
which was labeled according to the location of the sample. At each location of the river estuary, sampling was carried out
at four locations with each location being repeated three times. The coordinate points for sampling (Figure 1) at the mouth
of the Brantas River and the mouth of the Bengawan Solo River are presented in Table 1.
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Figure 1. Sampling locations in two river mouths in East Java (https://earth.google.com/)
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Table 1. Coordinate point of sediment sampling
No. River location Coordinate point
06°51°44” S 112°30°06” E
06°50°18” S112°31°25” E

1. Bengawan Solo 06°49°36” S 112°32°36” E
06°50°14” S 112°35°15” E
07°14°59” S 112°50°45” E
076°16°37” S 112°51°35” E
2. Brantas

07°18°19” S 112°51°34” E
07°21°03” S 112°51°09” E

Sediment Separation With Dinoflagellate Cysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo, 2000) where the sample is
weighed using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass container then added sterile
sea water until it reaches a size of 50 ml, then the sonication process is carried out for 15 minutes using an ultrasonic
sonicator to remove cysts attached to sediment particles. Furthermore, the sieving process is carried out using a filter
which is arranged in stages based on the size of the pores. The sieving stage uses 3 filters with sizes of 250 um, 125 um
and 20 um. The sample that has been filtered is then precipitated using a petri dish, then filtered again using a sieve with a
mesh size of 20 um. The filtered cyst was then put into a 10 ml sample bottle for morphological analysis.

Determination of the rate of water content

Determination of the rate of water content is carried out to determine the water content contained in the sediment
sample. Wet sediment samples were first weighed 4-5 grams using an analytical balance which was then put into the oven
with a temperature of 150°C for 1 hour. After that the dry sediment samples were weighed again. Previous research
(Matsuoka and Fukuyo 2000) used the formulation and the calculation stage used the following formulation:

Bb — Bk
=5

Information:

R = Rate of water content (%);

Bb = wet weight (g);

Bk = dry weight (g).

x100%

Dinoflagellate Cyst Abundance Calculation
The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer with 8 fields of
view. The abundance of dinoflagellate cysts was calculated based on the previous research formulation (Matsuoka and
Fukuyo 2000)
N

Cyst per gram WA =R
Information :

N = Number of cysts observed (ind g-1);
W = Weight of wet sediment (g);

R = Rate of water content (%).

Identification of Dinoflagellate Cyst Morphology

Observation of dinoflagellate cysts was carried out by taking a sample to be observed using a dropper pipette of 1 ml,
then transferred to a hemacytometer container, then observed under a light microscope. Each dinoflagellate cyst sample
was identified to the genus and species level based on the published description of the dinoflagellate cyst by the researcher.
(Alkawri 2016, Mertens et al. 2020)

Data Analysis

All data is presented in a table using Microsoft Excel software. Meanwhile, similarity analysis, Shade Graph analysis
and dinoflagellate abundance from two different sampling locations were analyzed using Primer-e software (Clarke and
Gorley 2015).

RESULTS AND DISCUSSION

Results
Identification of Dinoflagellate Cyst Morphology



132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151
152
153

154
155
156

Identification of the morphology of the dinoflagellate cysts varied quite a lot in the estuaries of the Berantas and
Bengawan Solo rivers (Table 1). The Bengawan Solo estuary has a higher diversity of four species of dinoflagella cysts
compared to the Brantas river estuary which only has 12 species. The type of Protoperidinium obtusum was found to
dominate in the mouth of the Bengawan Solo River, while the type of Scrippsiella lachrymose dominated in the mouth of
the Brantas river.

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River and the mouth
of the Brantas river

Average abundance of dinoflagellate cyst
No. Species name (cyst g* sediment)
Brantas Bengawan Solo
1 Alexandrium catenella 48 35
2 Alexandrium minutum 93 66
3 Brigantedinium sp. 42 28
4 Cochlodinium polykrikoides 48 69
5 Gymnodinium catenatum - 43
6 Gyrodinium sp. 50 32
7 Pentapharsodinium tyrrhenicum 106 150
8 Polykrikos kofoidii - 39
9 Polykrikos schwartzii 170 89
10 Protoperidinium compressum 32 R
11 Protoperidinium leonis - 50
12 Protoperidinium oblongum 112 251
13 Protoperidinium obtusum 139 -
14 Protoperidinium pentagonum - 41
15 Scrippsiella crystallina 147 68
16 Scrippsiella lachrymosa 130 214
17 Votadinium sp. - 27
18 Zygabikodinium lenticulatum - 39

Biodiversity Analysis of Dinoflagellate Cysts

Based on the data on the abundance of dinoflagellate cysts obtained, a biodiversity analysis was carried out to
determine the dominating species and distribution patterns of cyst species in river estuaries in East Java. Each sampling
location was repeated 4 times to reduce the resulting data bias. Biodiversity analysis includes Margalef Index (d), Pielou's
Evenness (JY), and Shannon-Wiener Index (H'). Referring to the Shannon-Wiener Index (H') value, it shows that the mouth
of the Bengawan Solo river (2.1055) has higher diversity than the mouth of the Brantas river (2.0363). This report is the
first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in East Java.

Table 2. Biodiversity analysis of dinoflagellate cysts at the mouth of the Bengawan Solo River and the mouth of the
Brantas river

Biodiversty Index
No. Lokasi Margalef Index Pielou’s Evenness Shannon-Wiener Index
(d) ) (H*)
1 Bengawan Solo 2.7193 0.97933 2.1055
2 Brantas 2.4346 0.98888 2.0363

Analysis of Similarity and Abundance of Dinoflagellate Cyst Types
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The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found in both
regions (Figure 2). The data was processed using Primer-e software and at the same time analyzing species abundance at
each sediment collection location. Only the 4 sampling locations at the mouth of the Bengawan Solo River had the highest
abundance and were different from other locations. Meanwhile, the sampling locations at the mouth of the Brantas river
were in one clade which had a fairly high similarity between the four replicates. An abundance analysis (Figure 3) was
carried out to find out certain species that have the potential to cause harmful algae blooms (HAB) which are feared to be
detrimental to fishing activities and even endanger public health. The results of the Shadegraph showed that the type of
dinoflagellate cyst was identified which was only found in the mouth of the Brantas river, namely the type of
Protoperidinium compressum. Meanwhile, at the mouth of the Bengawan Solo River, there are several species that are not
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Figure 2. Analysis of similarity from 8 sampling locations in two different river mouths

found at the mouth of the Brantas river, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium
pentagonum, Gymnodinium catenatum, and Votadinium sp.

1
2%
077

Figure 3. Graph of species distribution at each sampling location at the mouth of the Brantas river (br) and the mouth of the Bengawan
Solo River (bs). The color intensity indicates the higher the abundance of the species found. The estuary of the Bengawan Solo River
has a higher diversity index than the estuary of the Brantas river. The type of dinoflagellate cyst that predominates in the estuary of the
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Discussion

The diversity of dinoflagella cysts needs to be studied because this type of dinoflagella has the potential to become a
plankton group that needs to be watched out for (Bravo and Figueroa 2014). This report is the first to identify
dinoflagellate cysts in East Java, specifically at the mouths of large rivers in the Bengawan Solo River and Brantas river
mouths. The existence of dinoflagellates in a number of areas has received intensive attention, including mapping the
distribution and species present to avoid losses incurred when this type of dinoflagellate experiences a population
explosion. Previous research on the presence of dinoflagella explosions has been reported in a number of countries such as
Australia (Roberts et al. 2019), Chile, and France (Luo et al. 2019). Meanwhile, studies of dinoflagellate cysts in Indonesia
have been carried out in several areas such as Lampung Bay (Thoha et al. 2019), Jakarta and Flores (Matsuoka and Fukuyo
1999), Central Jawa (Matsuoka 1983, 1984), Makassar (Rukminasari and Tahir 2020), and Pankajene (Rachman et al.
2022). This incident has harmed activities related to aquatic resources such as fishing activities which have had a huge
impact. Losses due to the harmfull algae blooms have been reported which have caused the death of a number of fish in
the waters and damaged the surrounding aquaculture activities (Jardine et al. 2020, Sakamoto et al. 2021). A number of
regions also reported their impact on human health causing a number of disturbances (Grattan et al. 2016). Thus, this
research is essential to be carried out to predict the potential for a dangerous algae population explosion.

In this study, two large river estuaries in East Java are important locations because around these locations many fishery
activities are developing, especially shrimp (Litopenaeus vanamae) and milkfish (Chanos chanos) ponds which are the
mainstay of this region. The estuary of the Bengawan Solo river is in the Gresik area which is a quite high producer of
milkfish (Rohman et al. 2021) in addition to intensive artisanal fishing activities carried out (Collier 2019). in addition to
intensive artisanal fishing activities carried out (Collier 2019). Meanwhile, the Brantas River, which is also quite large,
passes through the city of Surabaya which then branches towards North Surabaya and East Surabaya. The eastern
Surabaya area is very close to Sidoarjo Regency, which is also one of the Penaeus vanamae white shrimp pond areas
(Hukom et al. 2020).

There were two species found in all research locations, namely the species Protoperidinium oblongum and
Pentapharsodinium tyrrhenicum. The ecological function of dinoflagellates in water has received the attention of a number
of researchers. Under unfavorable conditions, dinoflagellates will produce cysts that are able to survive and settle in
aquatic sediments. Dinoflagellate cysts play an important role biologically and ecologically because cysts can help
dinoflagellate species survive in harsh environments, provide opportunities and facilitate their dispersal in aquatic habitats,
and act as seeds in algae blooms (Bravo and Figueroa 2014). In addition, the dinoflagellates of some species can produce
more toxins than the vegetative forms, seriously affecting the species through its food web and even human health
(Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the impacts of algae blooms include beach pollution, lack of
oxygen, and the death of marine species on a large scale (Park et al. 2013). The Alexandrium tamarense has been
identified released of toxin (Oshima et al. 1992), and in this study we found two species in the genus Alexandrium (A.
catenella dan A. minutum). Therefore, accurate identification of dinoflagellates is an important first step in their early
detection and function in ecological studies. Because dinoflagellates have limited or even non-existent taxonomic keys,
molecular methods to identify dinoflagellates have become a priority as a continuation of this research. In the current
study, morphological identification was carried out by taking into account a number of general characteristics, such as the
shape of the resulting cyst and its ornamentation, the structure and color of the walls, and the type of opening or
archeopyle (Matsuoka and Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even though a
number of studies on dinoflagellate species have been identified in a number of areas. The main cause of the algae
population explosion is nutrients in the waters which are abundant and support algae growth in a short time (Piranti et al.
2021). Algae bloom events can occur in fresh water and marine waters. Cases that have been reported in a number of
publications are the waters of the Jakarta bay which caused mass fish deaths (Nasution et al. 2021). Although in East Java
there have been no reports of algae blooms, it is hoped that research on the potential for HABs in East Java waters can be
mitigated from the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Indonesia are still very limited. Monitoring activities for the type
Pyrodinium bahamense have been carried out to anticipate the presence of alagae blooms in Indonesia including, Lampung
Bay, Jakarta Bay, Cirebon coastal waters and Ambon Bay (Rachman et al. 2021). Studies on the diversity index of
dinophagellate cysts have been reported in Muara Jeneberang and Paotere Harbor with values ranging from 0.82-1.01
(Rukminasari and Tahir 2021). This diversity value is still relatively low when compared to the biodiversity of dinoflagella
cysts in East Java with a Shannon-Wiener index ranging from 2.0363-2.1055. Another report in South Sulawesi, Maros
estuary and Pangkep river estuary, which are included in the moderate category for the potential presence of HABs in this
area (Rukminasari and Tahir 2021). Based on previous research, the abundance of dinoflagellate cysts can be an indication
of the potential for HABs in particular region. There are four potential groups, namely very low, low, medium, high and
very high levels has been classified (McMinn 1991, Tian et al. 2018). Pevious study show that abundance of dinoflagellate
cysts in Lampung for the P. bahamense cyste is 1-100 cyste g* sediment (Rachman et al. 2021), while previous research
found M. polykrikoides type cysts measured with abundances ranging from 100-1000 cyste g sediment (Thoha et al.
2019). The abundance of P. bahamense in Cirebon waters was a serious case because it caused human death (Nurlina
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2018), with a relatively high abundance of 100-1000 kiste g sediment (Rachman et al. 2019). At the estuary of the
Bengawan Solo River, the highest abundance was Protoperidinium oblongum (115 g-1 sediment kiste) and the lowest
abundance was Protoperidinium leonis (21 g sediment). Meanwhile, Alexandrium minutum was found with the highest
abundance (125 kiste g* sediment) in the mouth of the Brantas river, with an average of 73 g sediment cysts found. Thus,
the condition of the mouth of the Brantas river and the mouth of the Bengawan Solo river still has a low potential for the
occurrence of HABs and an average abundance of 73 and 62 g kiste respectively (McMinn 1991, Tian et al. 2018).

CONCLUSIONS

Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the Bengawan Solo River and
the mouth of the Brantas river. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River mouth
has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagella cyst that dominates at
the mouth of the Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas river it is
Polykrikos schwartzii. Shade graph analysis showed a number of species found only in the estuary of the Bengawan Solo
River, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum,
and Votadinium sp. Based on the results of this study, it is necessary to carry out DNA characteristic tests of isolated and
cultured species to document genetic information. In addition, this information is very important in the management of
coastal areas around the mouths of the Bengawan Solo and Brantas rivers to prevent dinogellate population explosions
which may have negative impacts on various sectors.
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Diversity of dBinoflagellates c€ysts isolated from
estuarineMeuth—River sSediments of the Brantas-Bengawan

Solo and Brantas Bengawan-Sele-rRivers

Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish,

and marine habitats and are major components whichare play an important role in marine ecosystems. Dinoflagellate

cysts (dinocysts) are produced by dinoflagellates in an unfavorable environment, and can be stered-preserved well in

rgante-sedimentsmatter for a-long periods of time. More than #_OO dinoflagellate species have so ﬁar been observed to
produce resting cysts and to be associated with the maintenance, discontinuation, and repetition of annual blooms. This
study identified___ based on the morphological characteristics of dinoflagellate cysts from the estuariesy of the Brantas
Bengawan-Solo-River-and-the-estuary-of Bengawan Solo rivers-Brantas—river. Analysis of cyst diversity in the two regions
shows that the Bengawan Solo River mouth has a higher Shannon-Wiener index compared to the Brantas river mouth.
The type of dinoflagellate cyst that dominates at the mouth of the Bengawan Solo River is Protoperidinium obtusum,

while that at the mouth of the Brantas Ririver it-is Polykrikos schwartzii. Shade graph analysis showsed a number of

species to be found only in the estuary of the Bengawan Solo River, namely Zygabicodinium lenticulatum, Polykrikos
kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on the results of this study,
it is necessary to carry out DNA characteristic tests of isolated and cultured species to document genetic information. In
addition, this information is very important in the management of coastal areas around the estuaries of the Bengawan
Solo and Brantas rivers to prevent dinoflagellate population explosions that may have negative impacts on various

sectors.
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INTRODUCTION

Changes in the phytoplankton community ir—waters—can occur when a number of harmful microalgae
species grow and dominate the water column, and proceed tother cause environmental preblemsimpacts.
Such an Fhis event is known as a Harmful Algal Bloom (HAB). Following the concept of the Intergovernmental
Oceanographic Commission (IOC-UNESCO), states—that-HABs areis defined as a phenomenon of harmful
algae growth in water which causes environmental problems (Anderson et al. 2021), losses to the fisheries
sector, and even eauses-illness to humans (Trevino-Garrison et al. 2015). The harm caused by HAB events
spans both spatial and temporal scales. Agricultural-scale losses include mass mortality of farmed fish,
poisoning of marine food sources, itching of beachgoers, and others. HAB events are generally due to
nutrient enrichment, high temperatures, low oxygen levels, and reduced light intensity as to enable—se-that
dinoflagellates toean grow rapidly. Theise incidents areis very common in-the estuary areas off-the-rivers
(Ajani et al. 2013). Most of the algae that cause HABs belong to the dinoflagellate group (Kudela and Gobler
2012).

Dinoflagellates are included in the microalgae group found in the sea and river waters (Senanayake et al.
2021). Dinoflagellates play an important role in these waters, namely as primary producers (Hoppenrath et
al. 2014, Price and Bhattacharya 2017). As microalgae, dinoflagellates have a unique ability to specialize and
survive in the competition of natural selection. Under geed-waterproductive conditions, dinoflagellates can
reproduce rapidmassively in the water column in the form of actively dividing swimming cells. When
environmental conditions are suboptimalbad marked by nutrient enrichment (Faizal et al. 2012), warm

temperatures (Coffey et al. 2019), low oxygen levels, and reduced light intensity); they stop dividing and mate
to form cysts which hibernate and are able to survive in sediments for many years (Head et al. 2013). The
hypnozygote is also produced by dinoflagellates by-mating-through theer fusion of gametes produced by
vegetative dinoflagellate cells, securely protected within the thick walls of the cyst and highly resistant to
adverse conditions (Bravo and Figueroa 2014). In this regard, a study of the Ii)iodiversity of dinoflagellate
cysts in the estuaries of the Bengawan Solo and Brantas rRivers in East Java was conducted using a

morphological identification approach.

The water conditions-ef-the waters-of the Bengawan Solo River currently needs-serious attention. The
river flow originating from Central Java -aret emptyingies into East Java carries a number of materials including
nutrients which can cause water enrichment. The case of enrichment in the waters of the Bengawan Solo
River has been carried out by previous studieH Enrichment at the mouth of the river plays an important role
in the dynamics of plankton populations in water areas because phytoplankton will respond very quickly to
changes in the concentration of the dissolved nutrients-in-the-waters. It is reported that nutrient enrichment
events can reduce the value of biodiversity and the productivity of an ecosystem (Isbell et al. 2013). The
principal contributing factoriscenditien-is human intervention due to-which-is-the-main-cause-of-the activities
that have been carried out both on land and in aquatic (anthropogenic) ecosystems.‘ ‘This condition also has

an impact on important ecosystems in the coastal area, namely coral reef ecosystems (D'Angelo and
Wiedenmann 2014).
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Meanwhile, the estuary of the Brantas river is also a major river-region in Java that crosses the provinces
of Central Java to East Java. Conditions here are similar to those at the estuary of the Bengawan Solo River.
T-the estuary waters of the Brantas river also receive a large amount of organic matter from human activities.
Nutrient influxenrichment from the Brantas Rriver has the potential to cause enrichment in the Madura Strait
waters (Janen et al. 2013). Increasing the proportion of nitrogen and phosphorus in the water wit-results in
a gradational change in -marine conditions suche that the highest concentrations of nutrients arecan be
accumulated in the estuary or coastal areas compared to river areas (Jennerjahn and Klépper 2013). With the
dynamics of the potential for enrichment and the variety of nutrient sources that enter the waters of the
Bengawan Solo and Brantas rivers, research on the abundance and identification of dinoflagellate species is

very important. Investigations of these key phytoplankton constituents Fhis areis expected to yield valuablebe

important data towardin the management of water areas that minimizes the occurrence of dangerous algae

population explosions or Harmfut-Algae-Bleoms-(HABs)

MATERIALS AND METHODS

Samples collection

Sediment at the bottom of either river mouth was collected with an Ekman Grab size 152x152x230 mm
and put in plastic which was labeled according to the location of the sample. At each location of the river
estuary, sampling was carried out at four stalecations with samplingeach-tocation being repeated three times.
The coordinate points for sampling (Figure 1) at the mouths of the Bengawan Solo and Brantas rRivers-and
the-mouth-of the Bengawan-SeleRiver are presented in Table 1.
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Figure 1. Sampling locations at thein two river mouths of the Bengawan Solo and Brantas irivers in East Java

(https://earth.google.com/).,
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Table 1. CeordinateS-peint-efsediment sampling locations.
No. River-location Station c€oordinates-peint
06°51'44" S 112°30'06" E
06°50"18" S 112°31'25" E

1. Bengawan Solo
06°49'36" S 112°32'36" E
06°50'14" S 112°35'15" E
07°14'59" S 112°50'45" E
076°16'37" S 112°51'35" E
2. Brantas

07°18'19" S 112°51'34" E
07°21'03" S 112°51'09" E

Sediment sSeparation wWith dDinoflagellate cCysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo,-2000) where the
sample is weighed using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass
container then introducedadded to sterile sea water until it reaches a size of 50 ml,-Following the acid

treatment procedurethen athe —sonication process wais carried out for 15 minutes using an ultrasonic

agitasenieator to remove sediment particles attached to cysts-attached-te-sediment-particles. Furthermore,

the sieving process wais carried out using a filter which is arranged in stages based on the size of the mesh
openingsperes. The sieving stage uses 3 filters with sizes of 250 um, 125 ym and 20 ym mesh. The sample
that has been filtered is then precipitated using a petri dish, then filtered again using a sieve with a mesh

size of 20 um. The filtered cysts wereas then put into a 10 ml sample bottle for morphological analysis.

Determination of the rate of water content

Determination of the rate of water content is carried out to determine—establish the water ecentent
contained in the sediment sample. Wet sediment samples were first weighed out at 4—-5 grams using an
analytical balance which was then put into the oven with a temperature of 150 °C for 1 hour. After that, the

dry sediment samples were weighed again. Previous research (Matsuoka and Fukuyo 2000) used the following

formula_tien-and-the-caleutation-stage-used-the-followingformulationwherein Bb is the wet sediment weight
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Dinoflagellate c€yst aAbundance c€alculation
The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer
with ‘eightS ’ﬁelds of view. The abundance of dinoflagellate cysts was calculated based on the previous

research formula oftien (Matsuoka and Fukuyo (2000) wherein R is the= rRate of water content (%),iN is the

total number of cysts observed; and W is the weight of wet sediment (g):

£ N
Cysts per gram = ——
W(1-R)
Information - B
N—N—&mber—ef—ey—s—ts—ebgeﬂfed—&ﬁd—g—%: b ;
W—=\Weight-of-wetsedimentL(g);

Identification of dDinoflagellate cCysts-Meorphology
Observation—of-Ddinoflagellate cyst morphological analysiss was carried out by taking organic sample

residuea sample—teo—be—ebserved—using a dropper pipette of 1 ml and—then- transferringed it to a

hemacytometer container for—then observationed under a transmitted light microscope. Each dinoflagellate

cyst sample was identified to the genus and species level based on the published description of the
dinoflagellate-eysttaxon by the researcher: (Alkawri 2016, Mertens et al. 2020).‘

Data aAnalysis
All data is presented in a table using Microsoft Excel software. AdditionallyMeanwhile, similarity analysis,
‘Shadefﬁraph analysis, and dinoflagellate abundance from two different sampling locations were analyzed

using Primer-e software (Clarke and Gorley 2015).

RESULTS AND DISCUSSION

Results
Identification-of Dinoflagellate cCyst diversityMorphelogy
Tidentification-ofthe-morphology-ef-the dinoflagellate cysts taxa present varied significantly-guite-a-tot

in the estuaries of the Berantas and Bengawan Solo rivers (Table 1). The Bengawan Solo River estuary

yieldedhas a higher diversity of four species of dinoflagellate cysts compared to that of the Brantas Rriver

estuary which only presentedhas 12 species. The type of Protoperidinium obtusum was found to dominate
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in the mouth of the Bengawan Solo River, while the type of Scrippsiella lachrymose dominated in the mouth
of the Brantas Rriver.

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River

and the mouth of the Brantas Rriver,

Average abundance of dinoflagellate cyst
No. Species name (cyst g”! sediment)
BrantasBengawan
Bengawan SoloBrantas Solo
1 Alexandrium catenella 3548 4835
2 Alexandrium minutum 6693 9366
3 Brigantedinium sp. 2842 4228
4 Cochlodinium polykrikoides 6948 4869
5 Gymnodinium catenatum 43= -43
6 Gyrodinium sp. 3250 5032
7 Pentapharsodinium tyrrhenicum 150106 106450
8 Polykrikos kofoidii 39- -39
9 Polykrikos schwartzii 89170 17089
10 Protoperidinium compressum -32 32-
1 Protoperidinium leonis 50- -50
12 Protoperidinium oblongum 25142 112254
13 Protoperidinium obtusum -139 139-
14 Protoperidinium pentagonum 41- -4%
15 Scrippsiella crystallina 68147 14768
16 Scrippsiella lachrymosa 214436 130214
17 Votadinium sp. 27- 27
18 Zygabikodinium lenticulatum 39- -39

Biodiversity aAnalysis of dDinoflagellate cCysts
Based on the dinoflagellate cyst abundance data-en-the—abundance—of-dinoflagellate—eysts—obtained, a

biodiversity analysis was carried out to determine the dominating species and distribution patterns of cyst

species in both river estuaries in East Java. Each sampling location was repeated four4 times to reduce the
resulting data bias. Biodiversity analysis includes Margalef Index (d), Pielou's Evenness (J'), and Shannon-
Wiener Index (H'). Referring to the Shannon-Wiener Index (H') value, it shows that the mouth of the Bengawan
Solo Rriver (2.1055) has higher diversity than the mouth of the Brantas Rriver (2.0363). Fhisreportis-thefirst
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184  Table 2. Biodiversity analysis of dinoflagellate cysts at the mouths of the Bengawan Solo-River and the-mouth
185  of-the-Brantas rivers.

186 . I Formatted: English (United States)
Biodiversty Index
. . . Shannon-Wiener Index
No. Rivertokasi Margalef Index | Pielou’s Evenness o=l '[ Formatted Table
(d) (€D H) [Formatted: Indent: First line: 0 cm
1 Bengawan Solo 2.7193 0.97933 2.1055
2 Brantas 2.4346 0.98888 2.0363
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190
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192 Figure 2. Analysis ot similarity from eightg sampling locations at the two river mouths of the Bengawan Solo and
193 Brantas rivers in East Java.intwodifferent-river-mouths-
194
195 The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found

196 in both regions (Figure 2). The data was processed using Primer-e software and at the same time analyzing
197 species abundance at each sediment collection stlecation. Only the four4 sampling stlecations at the mouth

198 of the Bengawan Solo River had the highest abundance and were different from other statiolecations.

199 Meanwhile, the sampling stlecations at the mouth of the Brantas Rriver were in one ‘clade P\/hich had a fairly Commented [A8]:

00 high similarity between the four replicates. An abundance analysis (Figure 3) was carried out to ascertainfine-
P01  eutcertain species that have the potential to cause harmful algae blooms (HAB), which are knownfeared to
02 be detrimental to fishing activities and even a endanger to public health. The results of the ShaderGgraph
P03 analysis showed that cysts of thise type of dinoflagellate eyst-was-areidentified-which-was-only found in the

P04  mouth of the Brantas Rriver, namely those of thee-type-of Protoperidinium compressum. Meanwhile, at the

205 mouth of the Bengawan Solo River, there are several species that are not found at the mouth of the Brantas



|206 Rriver, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium
207  catenatum, and Votadinium sp.
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213 indicates the higher the abundance of the species found. The estuary of the Bengawan Solo River has a higher
P14 diversity index than the estuary of the Brantas Rriver. The type of dinoflagellate cyst that predominates in the estuary
Rr15 of the Bengawan Solo River is ‘this typeL Commented [A9]: Write what type.
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217  Discussion
P18 The diversity of dinoflagella cysts needs to be studied because certainthis type of dinoflagellates haves-

P19  the potential to become a plankton group that needs to be watched out for for reasons of health and public

P20 safety (Bravo and Figueroa 2014). This report is the first to identify dinoflagellate cysts in East Java, specifically

p21 at the mouths of large rivers in the Bengawan Solo—River and Brantas river estuaries—meuths. The existence
222 of dinoflagellates in a number of areas has received intensive attention, including mapping the distribution
223 and species present to avoid losses incurred when this type of dinoflagellate experiences a population
|224 explosion. Previous research on the presence of dinoflagellate bloomsexplesions has been reported in a
225 number of countries such as Australia (Roberts et al. 2019), Chile, and France (Luo et al. 2019). Meanwhile,
226  studies of dinoflagellate cysts in Indonesia have been carried out in several areas such as Lampung Bay
227 (Thoha et al. 2019), Jakarta and Flores (Matsuoka and Fukuyo 1999), Central Jawa (Matsuoka 1983, 1984),

28  Makassar (Rukminasari and Tahir 2020), and Pankajene (Rachman et al. 2022). Theseis incidents haves-proven

29 harmful toed activities related to aquatic resources such as fishing,-activities which have had a huge impact.

30  Losses due to the harmfull algae blooms have been reported, which have caused the death of a number of
31 fish in the waters and damaged the surrounding aquaculture industriesaetivities (Jardine et al. 2020, Sakamoto

32 et al. 2021). A number of regions also reported their impact on human health causing a numerous
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instancesber of illness-disturbances (Grattan et al. 2016). Thus, it is essential for this research is—essential-to

be carried out to predict the potential for a dangerous algae population explosions.

In this study, two large river estuaries in East Java are are shown to be important locations because areune

thesetocations-of their proximity to many sites where fishery-activities are developing, especially realting to

shrimp (Litopenaeus vanamae) and milkfish (Chanos chanos) ponds which are the mainstay of this region.
The estuary of the Bengawan Solo Rriver is in the Gresik area which is aa—guite high producer of milkfish
(Rohman et al. 2021) in addition to intensive artisanal fishing activities carried out (Collier 2019). in addition
to intensive artisanal fishing activities carried out (Collier 2019). Meanwhile, the Brantas River, which is also

quite large, passes through the city of Surabaya which then branches towards- North Surabaya and East

Surabaya. The eastern Surabaya area is very close to Sidoarjo Regency, which is also one of the Penaeus

vanamae white shrimp pond areas (Hukom et al. 2020).

There were two species found in all research locations, namely the-species-Protoperidinium oblongum
and Pentapharsodinium tyrrhenicum. The ecological function of dinoflagellates in water has received the
attention of a number of researchersHUnder unfavorable conditions, dinoflagellates will produce cysts that
are able to survive and settle in aquatic sediments. Dinoflagellate cysts play an important role biologically
and ecologically because cysts can help dinoflagellate—species survive in harsh environments, provide
opportunities and facilitate their dispersal in aquatic habitats, and act as seeds in algae blooms (Bravo and
Figueroa 2014). In addition, the dinoflagellates of some species can produce more toxins than the vegetative
forms, seriously affecting the—speciesother organisms through theits- food web and even human health
(Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the impacts of algae blooms include beach pollution,
lack of oxygen, and the death of marine species on a large scale (Park et al. 2013). The Alexandrium tamarense
has been identified as a toxic species—released-of-toxin (Oshima et al. 1992), and in this study we found two
species in the genus Alexandrium (A. catenella dan and A. minutum). Therefore, accurate identification of
dinoflagellates is an important first step in their early detection and function in ecological studies. Because
dinoflagellates have limited or even non-existent taxonomic keys, molecular methods to identify

dinoflagellates have become a priority as a continuation of this research.‘

In the current study, morphological
identification was carried out by taking into account a number of general characteristics, such as the shape
of the resulting cyst and its ornamentation, the structure and color of the walls, and the type of ef-epening
er-archeopyle (Matsuoka and Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even
though a number of studies on dinoflagellate species have been identified in a number of areas. The main
cause of the algae population explosion is nutrients in the waters which are abundant and support algae

growth in a short timeframe (Piranti et al. 2021). Algae bloom events can occur in fresh water and marine

waters. Cases that have been reported in a number of publications are the waters of the Jakarta Bbay which
caused mass fish die-offaths (Nasution et al. 2021).- Although, in East Java there have been no reports of
algae blooms, and it is hoped that research on the potential for HABs in East Java waters can be mitigated
from the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Indonesia are still very Iimited.HMonitoring activities for the

type Pyrodinium bahamense have been carried out to anticipate the presence of alagae blooms in Indonesia

including, Lampung Bay, Jakarta Bay, Cirebon coastal waters and Ambon Bay ERachman et al. 2021). Studies
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on the diversity index of dinofghagellate cysts have been reported in Muara Jeneberang and Paotere Harbor
with values ranging from 0.82--1.01 (Rukminasari and Tahir 2021). This diversity value is still relatively low
when compared to the biodiversity of dinoflagella cysts in East Java with a Shannon-Wiener index ranging
from 2.0363—-2.1055. Another report in South Sulawesi, Maros estuary and Pangkep Rriver estuary, which are
included in the moderate category for the potential presence of HABs in this area (Rukminasari and Tahir
2021). Based on previous research, the abundance of dinoflagellate cysts can be an indication of the potential
for HABs in a particular-given region. There are four potential groups that have been classified, namely very
low, low, medium, high and very high levels haﬁ—beeﬁ—el—as&i—ﬁed—&McMinn 1991;,-Tian et al. 201 8).APevious
study show that abundance of dinoflagellate cysts in Lampung for the-P. bahamense-eyste is 1--100 cystse-

g™ sediment (Rachman et al. 2021), while previous research found M. polykrikoides type cysts measured with
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abundances ranging from 100—-1000 cystse-g™" sediment (Thoha et al. 2019). The abundance of P. bahamense
in Cirebon waters was a serious case because it caused human death (Nurlina 2018), with a relatively high
abundance of 100-=1000 cykistse- g™' sediment (Rachman et al. 2019). At the estuary of the Bengawan Solo
River, the highest abundance was Protoperidinium oblongum (115 cysts g sediment-kiste) and the lowest
abundance was Protoperidinium leonis (21 cysts g™ sediment). Meanwhile, Alexandrium minutum was found
with the highest abundance (125 cystskiste g™ sediment) in the mouth of the Brantas Rriver, with an average
of 73 cysts g! sediment having beeneysts found. Thus, the condition of the mouths of the Brantas Bengawan
Solo river-and-the-mouth-of-the Brantas Bengawan-Sele-rivers still has a low potential for the occurrence of
HABs, and an average abundance of 73 and 62 cysts g' kiste-respectively (McMinn 1991;-Tian et al. 2018).

CONCLUSIONS

This report is the first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in

East Java. Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the

Bengawan Solo-River and-the-mouth-of-the Brantas rivers. Analysis of cyst diversity in the two regions shows
that the Bengawan Solo River mouth has a higher Shannon-Wiener index compared to that of the Brantas
Rriver-mouth. The type of dinoflagellate cyst that dominates at the mouth of the Bengawan Solo River is
Protoperidinium obtusum, while at the mouth of the Brantas Rriver it is Polykrikos schwartzii. ShadeG-graph
analysis showed a number of species found only in the estuary of the Bengawan Solo River, namely
Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum,
and Votadinium sp. Based on the results of this study, it is necessary to carry out DNA characteristic tests of
isolated and cultured species to document genetic information. In addition, this information is very important
in the management of coastal areas around the mouths of the Bengawan Solo and Brantas rivers to prevent
dinoflagellate population explosions which are likely tomay have negative impacts on various sectors of

industry.
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Diversity of dinoflagellate cysts isolated from estuarine
sediments of the ‘Be‘ngawan Solo and Brantas rivers

Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish,
and marine habitats and are major components that play an important role in marine ecosystems. Dinoflagellate cysts
(dinocysts) are produced by dinoflagellates in an unfavorable environment and can be preserved well in sediments for
long periods of time. More than 200 dinoflagellate species have been observed to produce resting cysts. That cyst is
associated with the maintenance, discontinuation, and repetition of annual blooms. This study identified dinoflagellates
cysts based on the morphological characteristics collected from the estuaries of the Brantas and Bengawan Solo rivers.
Analysis of cyst diversity in the two regions shows that the Bengawan Solo River mouth has a higher Shannon-Wiener
index compared to the Brantas river mouth. The type of dinoflagellate cyst that dominates at the mouth of the Bengawan
Solo River is Protoperidinium obtusum, while that at the mouth of the Brantas River is Polykrikos schwartzii. Shade graph
analysis shows a number of species to be found only in the estuary of the Bengawan Solo River, namely Zygabicodinium
lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on
the results of this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to document
genetic information. In addition, this information is very important in the management of coastal areas around the
estuaries of the Bengawan Solo and Brantas rivers to prevent dinoflagellate population explosions that may have negative

impacts on various sectors.

Keywords: algae, dinoflagellate, diversity, estuary, toxic
Running title: Andriyono et al. Diversity of Dinoflagellate Cyst

INTRODUCTION

Changes in the phytoplankton community can occur when a number of harmful microalgae species grow
and dominate the water column and proceed to cause environmental impacts. Such an event is known as a

Harmful Algal Bloom (HAB). Following the concept of the Intergovernmental Oceanographic Commission
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(IOC-UNESCO), HABs are defined as a phenomenon of harmful algae growth in water which causes
environmental problems (Anderson et al. 2021), losses to the fisheries sector, and even illness to humans
(Trevino-Garrison et al. 2015). The harm caused by HAB events spans both spatial and temporal scales.
Agricultural-scale losses include mass mortality of farmed fish, poisoning of marine food sources, itching of
beachgoers, and others. HAB events are generally due to nutrient enrichment, high temperatures, low oxygen
levels, and reduced light intensity as to enable dinoflagellates to grow rapidly. These incidents are very
common in estuary areas of rivers (Ajani et al. 2013). Most of the algae that cause HABs belong to the

dinoflagellate group (Kudela and Gobler 2012).

Dinoflagellates are included in the microalgae group found in sea and river waters (Senanayake et al.
2021). Dinoflagellates play an important role in these waters, namely as primary producers (Hoppenrath et
al. 2014, Price and Bhattacharya 2017). As microalgae, dinoflagellates have a unique ability to specialize and
survive in the competition of natural selection. Under productive conditions, dinoflagellates can reproduce
rapidly in the water column in the form of actively dividing swimming cells. When environmental conditions
are suboptimal, marked by nutrient enrichment (Faizal et al. 2012), warm temperatures (Coffey et al. 2019),
low oxygen levels, and reduced light intensity, they stop dividing and mate to form cysts which hibernate
and are able to survive in sediments for many years (Head et al. 2013). The hypnozygote is also produced
by dinoflagellates through the fusion of gametes produced by vegetative dinoflagellate cells, securely
protected within the thick walls of the cyst and highly resistant to adverse conditions (Bravo and Figueroa
2014). In this regard, a study of the biodiversity of dinoflagellate cysts in the estuaries of the Bengawan Solo

and Brantas rivers in East Java was conducted using a morphological identification approach.

The water conditions of the Bengawan Solo River currently needs serious attention. The river flow
originating from Central Java emptying into East Java carries a number of materials including nutrients which
can cause water enrichment. The case of enrichment in the waters of the Bengawan Solo River has been
carried out by previous studies (Wijaya and Elfiansyah 2022). Enrichment at the mouth of the river plays an
important role in the dynamics of plankton populations in water areas because phytoplankton will respond
very quickly to changes in the concentration of the dissolved nutrients. It is reported that nutrient enrichment
events can reduce the value of biodiversity and the productivity of an ecosystem (Isbell et al. 2013). The
principal contributing factor is human intervention due to activities that have been carried out both on land
and in aquatic (anthropogenic) ecosystems (Pawitan et al. 2007, Roosmini et al. 2018). This condition also
has an impact on important ecosystems in the coastal area, namely coral reef ecosystems (D'Angelo and
Wiedenmann 2014).

Meanwhile, the estuary of the Brantas river is also a major region in Java that crosses the provinces of
Central Java to East Java. Conditions here are similar to those at the estuary of the Bengawan Solo River. The
estuary waters of the Brantas river also receive a large amount of organic matter from human activities.
Nutrient influx from the Brantas River has the potential to cause enrichment in the Madura Strait waters
(Janen et al. 2013). Increasing the proportion of nitrogen and phosphorus in the water results in a gradational

change in marine conditions such that the highest concentrations of nutrients are accumulated in the estuary
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or coastal areas compared to river areas (Jennerjahn and Klépper 2013). With the dynamics of the potential
for enrichment and the variety of nutrient sources that enter the waters of the Bengawan Solo and Brantas
rivers, research on the abundance and identification of dinoflagellate species is very important. Investigations
of these key phytoplankton constituents are expected to yield valuable data toward the management of

water areas that minimizes the occurrence of dangerous algae population explosions or HABs.

MATERIALS AND METHODS

Sample collection

Sediment at the bottom of either river mouth was collected with an Ekman Grab size 152x152x230 mm
and put in plastic which was labeled according to the location of the sample. At each location of the river
estuary, sampling was carried out at four stations with sampling being repeated three times. The coordinate
points for sampling (Figure 1) at the mouths of the Bengawan Solo and Brantas rivers are presented in Table
1.

Bojonegoro
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Figure 1. Sampling locations at the two river mouths of the Bengawan Solo and Brantas rivers in East Java

(https://earth.google.com/).

Table 1. Sediment sampling locations.

No. River Station coordinates

06°51'44" S 112°30'06" E
06°50'18" S 112°31'25" E
06°49'36" S 112°32'36" E
06°50'14" S 112°35'15" E

1. Bengawan Solo

07°14'59" S 112°50'45" E
2. Brantas 07°16'37" S 112°51'35" E
07°18'19" S 112°51'34" E
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Sediment separation with dinoflagellate cysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo 2000) where the
sample is weighed using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass
container then introduced to sterile sea water until it reaches a size of 50 ml. Following the acid treatment
procedure, a sonication process was carried out for 15 minutes using an ultrasonic agitator to remove
sediment particles attached to cysts. Furthermore, the sieving process was carried out using a filter which is
arranged in stages based on the size of the mesh openings. The sieving stage uses 3 filters with sizes of 250
pm, 125 pm and 20 ym mesh. The sample that has been filtered is then precipitated using a petri dish, then
filtered again using a sieve with a mesh size of 20 pm. The filtered cysts were then put into a 10 ml sample
bottle for morphological analysis.

Determination of the rate of water content

Determination of the rate of water content is carried out to establish the water contained in the sediment
sample. Wet sediment samples were first weighed out at 4-5 grams using an analytical balance which was
then put into the oven with a temperature of 150 °C for 1 hour. After that, the dry sediment samples were
weighed again. Previous research (Matsuoka and Fukuyo 2000) used the following formula wherein Bb is the
wet sediment weight (g); Bk is the dry sediment weight (g), and R is the rate of water content (%):

R=22"5% 0 100%
Bb

Dinoflagellate cyst abundance calculation

The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer
with 8 fields of view on equipment. The abundance of dinoflagellate cysts was calculated based on the
previous research formula of (Matsuoka and Fukuyo 2000) wherein R is the rate of water content (%), N is

the total number of cysts observed, and W is the weight of wet sediment (g):

N
Cystspergram = ______
wW(1-R)

Identification of dinoflagellate cysts

Dinoflagellate cyst morphological analysis was carried out by taking organic sample residue using a
dropper pipette of 1 ml and transferring it to a hemacytometer container for observation under a transmitted
light microscope. Each dinoflagellate cyst sample was identified to the genus and species level based on the

published description of the taxon by the researcher (Alkawri 2016, Mertens et al. 2020).

Data analysis
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All data is presented in a table using Microsoft Excel software. Additionally, similarity analysis, shade plot
analysis, and dinoflagellate abundance from two different sampling locations were analyzed using Primer-e
software (Clarke and Gorley 2015).

RESULTS AND DISCUSSION

Results
Dinoflagellate cyst diversity

The dinoflagellate cysts taxa present varied significantly in the estuaries of the Berantas and Bengawan
Solo rivers (Table 1). The Bengawan Solo River estuary yielded a higher diversity of four species of
dinoflagellate cysts compared to that of the Brantas River estuary which only presented 12 species. The type
of Protoperidinium obtusum was found to dominate in the mouth of the Bengawan Solo River, while the
type of Scrippsiella lachrymose dominated in the mouth of the Brantas River (Figure 2).

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River
and the mouth of the Brantas River.

Average abundance of dinoflagellate cyst
No. Species hame (cyst g' sediment)
Bengawan Solo Brantas
1 Alexandrium catenella 35 48
2 Alexandrium minutum 66 93
3 Brigantedinium sp. 28 42
4 Cochlodinium polykrikoides 69 48
5 Gymnodinium catenatum 43 -
6 Gyrodinium sp. 32 50
7 Pentapharsodinium tyrrhenicum 150 106
8 Polykrikos kofoidii 39 -
9 Polykrikos schwartzii 89 170
10 Protoperidinium compressum - 32
1" Protoperidinium leonis 50 -
12 Protoperidinium oblongum 251 112
13 Protoperidinium obtusum - 139
14 Protoperidinium pentagonum 41 -
15 Scrippsiella crystallina 68 147
16 Scrippsiella lachrymosa 214 130
17 Votadinium sp. 27 -
18 Zygabikodinium lenticulatum 39 -
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145 Figure 2. Dinoflagellate cyste collected from Bengawan Solo and Brantas river estuary. Bar scale 10 p (A)

146 Alexandrium catenella; (B) Alexandrium minutum; (C) Brigantedinium sp.; (D) Cochlodinium polykrikoides; (E)

147 Gymnodinium catenatum; (F) Gyrodinium sp; (G) Pentapharsodinium tyrrhenicum ; (H) Polykrikos kofoidii; (1) Polykrikos
148 schwartzii ; (J) Protoperidinium leonis; (K) Protoperidinium oblongum; (L) Protoperidinium obtusum; (M)

149 Protoperidinium pentagonum; (N) Scrippsiella crystallina; (O) Scrippsiella lachrymose; (P) Votadinium sp; (Q)

150 Zygabikodinium lenticulatum, R) Protoperidinium compressum .
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152  Biodiversity analysis of dinoflagellate cysts
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Based on the dinoflagellate cyst abundance data, a biodiversity analysis was carried out to determine the
dominating species and distribution patterns of cyst species in both river estuaries in East Java. Each sampling
location was repeated four times to reduce the resulting data bias. Biodiversity analysis includes Margalef
Index (d), Pielou's Evenness (J'), and Shannon-Wiener Index (H"). Referring to the Shannon-Wiener Index (H")
value, it shows that the mouth of the Bengawan Solo River (2.1055) has higher diversity than the mouth of
the Brantas River (2.0363).

Table 2. Biodiversity analysis of dinoflagellate cysts at the mouths of the Bengawan Solo and Brantas rivers.

Biodiversty Index
No. River Margalef Index Pielou’s Evenness Shannon-Wiener Index
(d) D) (H)
1 Bengawan Solo 2.7193 0.97933 2.1055
2 Brantas 2.4346 0.98888 2.0363

Analysis of similarity and abundance of dinoflagellate cyst types

Transform: Log(X+1)
Standardise Samples by Total
Resemblance: S17 Bray-Curtis similarity

20+
40
=
]
= 60
E
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100-
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2 38 8 8 5 5 5 5
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Figure 3. Analysis of similarity from eight sampling locations at the two river mouths of the Bengawan Solo and

Brantas rivers in East Java.

The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found
in both regions (Figure 3). The data was processed using Primer-e software and at the same time analyzing
species abundance at each sediment collection station. Only the four sampling stations at the mouth of the
Bengawan Solo River had the highest abundance and were different from other stations. Meanwhile, the
sampling stations at the mouth of the Brantas River were in one branch which had a fairly high similarity
between the four replicates. An abundance analysis (Figure 4) was carried out to ascertain species that have
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the potential to cause harmful algae blooms (HAB), which are known to be detrimental to fishing activities
and even a danger to public health. The results of the ShaderGraph analysis showed that cysts of this type
of dinoflagellate are only found in the mouth of the Brantas River, namely those of the Protoperidinium
compressum. Meanwhile, at the mouth of the Bengawan Solo River, there are several species that are not
found at the mouth of the Brantas River, namely Zygabicodinium lenticulatum, Polykrikos kofoidii,
Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp.

4 o = x @ % 2 2 % Location
v v v v A A A A
Zygabikodinium lenticulatum v BR
4‘ Polykrikos kofoidii
b Protoperidinium pentagonum
L Protoperidinium leonis [ ]

Scrippsiella crystallina
I: Alexandrium minutum
0 { Polykrikos schwartzii

Protoperidinium obtusum
cochlodinium polykrikoides
Scrippsielia lachrymosa
l Protoperidinium oblongum
[ Pentapharsodinium tyrhenicum

Alexandrium catenella

‘ - Brigantedinium sp

— Gyrodinium sp

Gymnodinium catenatum

Votadinium sp

Figure 4. Shade plot of SpeC|es dism at each sampling station' at the mouth of the Bengawan Solo River (bs)
and mouth of the Brantas River (br). The color intensity indicates the higher the abundance of the species found. The
estuary of the Bengawan Solo River has a higher diversity index than the estuary of the Brantas River. The type of

dinoflagellate cyst that predominates in the estuary of the Bengawan Solo River is Protoperidium obtusum.

Discussion

The diversity of dinoflagella cysts needs to be studied because certain type of dinoflagellates have the
potential to become a plankton group that needs to be watched out for for reasons of health and public
safety (Bravo and Figueroa 2014). This report is the first to identify dinoflagellate cysts in East Java, specifically
at the mouths of large rivers in the Bengawan Solo and Brantas river estuaries. The existence of dinoflagellates
in a number of areas has received intensive attention, including mapping the distribution and species present
to avoid losses incurred when this type of dinoflagellate experiences a population explosion. Previous
research on the presence of dinoflagellate blooms has been reported in a number of countries such as
Australia (Roberts et al. 2019), Chile, and France (Luo et al. 2019). Meanwhile, studies of dinoflagellate cysts
in Indonesia have been carried out in several areas such as Lampung Bay (Thoha et al. 2019), Jakarta and
Flores (Matsuoka and Fukuyo 1999), Central Jawa (Matsuoka 1983, 1984), Makassar (Rukminasari and Tahir
2020), and Pankajene (Rachman et al. 2022). These incidents have proven harmful to activities related to

aquatic resources such as fishing, which have had a huge impact. Losses due to the harmfull algae blooms
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have been reported, which have caused the death of a number of fish in the waters and damaged the
surrounding aquaculture industries (Jardine et al. 2020, Sakamoto et al. 2021). A number of regions also
reported their impact on human health causing a numerous instances of illness (Grattan et al. 2016). Thus, it
is essential for this research to be carried out to predict the potential for a dangerous algae population
explosions.

In this study, two large river estuaries in East Java are shown to be important locations because of their
proximity to many sites where fisheries are developing, especially realting to shrimp (Litopenaeus vanamae)
and milkfish (Chanos chanos) ponds which are the mainstay of this region. The estuary of the Bengawan
Solo River is in the Gresik area which is a high producer of milkfish (Rohman et al. 2021) in addition to
intensive artisanal fishing activities carried out (Collier 2019). in addition to intensive artisanal fishing activities
carried out (Collier 2019). Meanwhile, the Brantas River, which is also quite large, passes through the city of
Surabaya which then branches toward North Surabaya and East Surabaya. The eastern Surabaya area is very
close to Sidoarjo Regency, which is also one of the Penaeus vanamae white shrimp pond areas (Hukom et
al. 2020).

There were two species found in all research locations, namely Protoperidinium oblongum and
Pentapharsodinium tyrrhenicum. The ecological function of dinoflagellates in water has received the attention
of a number of researchers (Furio et al. 2012, Naqqiuddin et al. 2014, Srivilai et al. 2012). Under unfavorable
conditions, dinoflagellates will produce cysts that are able to survive and settle in aquatic sediments.
Dinoflagellate cysts play an important role biologically and ecologically because cysts can help dinoflagellates
survive in harsh environments, provide opportunities and facilitate their dispersal in aquatic habitats, and act
as seeds in algae blooms (Bravo and Figueroa 2014). In addition, the dinoflagellates of some species can
produce more toxins than the vegetative forms, seriously affecting other organisms through the food web
and even human health (Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the impacts of algae blooms
include beach pollution, lack of oxygen, and the death of marine species on a large scale (Park et al. 2013).
Alexandrium tamarense has been identified as a toxic species (Oshima et al. 1992), and in this study we
found two species in the genus Alexandrium (A. catenella dan and A. minutum). Therefore, accurate
identification of dinoflagellates is an important first step in their early detection and function in ecological
studies. Because dinoflagellates have limited or even non-existent taxonomic keys, molecular methods to
identify dinoflagellates have become a priority as a continuation of this research. Berkenaan dengan
pendekatan molekuler, beberapa penelitian telah berhasil mengidentifikasi berdasarkan rDNA pada SSU, LSU
dan gen regio ITS (Branco et al. 2020, Mertens et al. 2015). In the current study, morphological identification
was carried out by taking into account a number of general characteristics, such as the shape of the resulting
cyst and its ornamentation, the structure and color of the walls, and the type of archeopyle (Matsuoka and
Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even
though a number of studies on dinoflagellate species have been identified in a number of areas. The main
cause of the algae population explosion is nutrients in the waters which are abundant and support algae
growth in a short timeframe (Piranti et al. 2021). Algae bloom events can occur in fresh water and marine
waters. Cases that have been reported in a number of publications are the waters of the Jakarta Bay which

caused mass fish die-offs (Nasution et al. 2021). Although, in East Java there have been no reports of algae



243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

267
268
269
270
271
272
273
274
275
276
277
278
279
280

blooms, and it is hoped that research on the potential for HABs in East Java waters can be mitigated from
the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Java Island of Indonesia are still very limited (Matsuoka 1983
1984, Matsuoka and Fukuyo 1999). Monitoring activities for the type Pyrodinium bahamense have been
carried out to anticipate the presence of alagae blooms in Indonesia including, Lampung Bay, Jakarta Bay,
Cirebon coastal waters and Ambon Bay (Rachman et al. 2021). Studies on the diversity index of dinofagellate
cysts have been reported in Muara Jeneberang and Paotere Harbor with values ranging from 0.82-1.01
(Rukminasari and Tahir 2021). This diversity value is still relatively low when compared to the biodiversity of
dinoflagella cysts in East Java with a Shannon-Wiener index ranging from 2.0363-2.1055. Another report in
South Sulawesi, Maros estuary and Pangkep River estuary, which are included in the moderate category for
the potential presence of HABs in this area (Rukminasari and Tahir 2021). Based on previous research, the
abundance of dinoflagellate cysts can be an indication of the potential for HABs in a given region. There are
four potential groups that have been classified, namely very low, low, medium, high and very high levels
(McMinn 1991, Tian et al. 2018). Pevious study show that abundance of dinoflagellate cysts in Lampung for
P. bahamense is 1-100 cysts g sediment (Rachman et al. 2021), while previous research found M.
polykrikoides type cysts measured with abundances ranging from 100-1000 cysts g™ sediment (Thoha et al.
2019). The abundance of P. bahamense in Cirebon waters was a serious case because it caused human death
(Nurlina 2018), with a relatively high abundance of 100-1000 cysts g’ sediment (Rachman et al. 2019). At
the estuary of the Bengawan Solo River, the highest abundance was Protoperidinium oblongum (115 cysts
g sediment) and the lowest abundance was Protoperidinium leonis (21 cysts g”' sediment). Meanwhile,
Alexandrium minutum was found with the highest abundance (125 cysts g™ sediment) in the mouth of the
Brantas River, with an average of 73 cysts g™ sediment having been found. Thus, the condition of the mouths
of the Bengawan Solo and Brantas rivers still has a low potential for the occurrence of HABs, and an average

abundance of 73 and 62 cysts g™ respectively (McMinn 1991, Tian et al. 2018).

CONCLUSIONS

This report is the first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in
East Java. Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the
Bengawan Solo and Brantas rivers. Analysis of cyst diversity in the two regions shows that the Bengawan
Solo River mouth has a higher Shannon-Wiener index compared to that of the Brantas River. The type of
dinoflagellate cyst that dominates at the mouth of the Bengawan Solo River is Protoperidinium obtusum,
while at the mouth of the Brantas River it is Polykrikos schwartzii. ShadeGraph analysis showed a number of
species found only in the estuary of the Bengawan Solo River, namely Zygabicodinium lenticulatum,
Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on
the results of this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species
to document genetic information. In addition, this information is very important in the management of
coastal areas around the mouths of the Bengawan Solo and Brantas rivers to prevent dinoflagellate
population explosions which are likely to have negative impacts on various sectors of industry.
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Diversity of dinoflagellate cysts isolated from estuarine sediments of the
Bengawan Solo and Brantas rivers, Indonesia

Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish, and marine habitats
and are major components that play an important role in marine ecosystems. Dinoflagellate cysts (dinocysts) are produced by
dinoflagellates in an unfavorable environment and can be preserved well in sediments for long periods of time. More than 200
dinoflagellate species have been observed to produce resting cysts. That cyst is associated with the maintenance, discontinuation, and
repetition of annual blooms. This study identified dinoflagellates|cysts based on the morphological characteristics collected from the
estuaries of the Brantas and Bengawan Solo rivers. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River
mouth has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagellate cyst that dominates at the
mouth of the Bengawan Solo River is Protoperidinium obtusum, while that at the mouth of the Brantas River is Polykrikos schwartzii.
Shade graph analysis shows a number of species to be found only in the estuary of the Bengawan Solo River, namely Zygabicodinium
lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on the results of this
study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to document genetic information. In addition,
this information is very important in the management of coastal areas around the estuaries of the Bengawan Solo and Brantas rivers to

prevent dinoflagellate population explosions that may have negative impacts on various sectors.

Keywords: algae, dinoflagellate, diversity, estuary,\ toxic
Running title: Andriyono et al} Diversity of Dinoflagellate Cyst

INTRODUCTION

Changes in the phytoplankton community can occur when a number of harmful microalgae species grow and dominate
the water column and proceed to cause environmental impacts. Such an event is known as a Harmful Algal Bloom (HAB).
Following the concept of the Intergovernmental Oceanographic Commission (IOC-UNESCO), HABs are defined as
phenomenon of harmful algae growth in water which causes environmental problems (Anderson et al. 2021), losses to the
fisheries sector, and even illness to humans (Trevino-Garrison et al. 2015). The harm caused by HAB events spans both
spatial and temporal scales. Agricultural-scale losses include mass mortality of farmed fish, poisoning of marine food
sources, itching of beachgoers, and others. HAB events are generally due to nutrient enrichment, high temperatures, low
oxygen levels, and reduced light intensity as to enable dinoflagellates to grow rapidly. These incidents are very common in
estuary areas of rivers (Ajani et al. 2013). Most of the algae that cause HABs belong to the dinoflagellate group (Kudela and
Gobler 2012).

Dinoflagellates are included in the microalgae group found in sea and river waters (Senanayake et al. 2021).
Dinoflagellates play an important role in these waters, namely as primary producers (Hoppenrath et al. 2014, Price and
Bhattacharya 2017)| As microalgae, dinoflagellates have a unique ability to specialize and survive in the competition of
natural selection. Under productive conditions, dinoflagellates can reproduce rapidly in the water column in the form of
actively dividing swimming cells. When environmental conditions are suboptimal, marked by nutrient enrichment (Faizal et
al. 2012), warm temperatures (Coffey et al. 2019), low oxygen levels, and reduced light intensity, they stop dividing and
mate to form cysts which hibernate and are able to survive in sediments for many years (Head et al. 2013). The hypnozygote
is also produced by dinoflagellates through the fusion of gametes produced by vegetative dinoflagellate cells, securely
protected within the thick walls of the cyst and highly resistant to adverse conditions (Bravo and Figueroa 2014). In this
regard, a study of the biodiversity of dinoflagellate cysts in the estuaries of the Bengawan Solo and Brantas rivers in East

Java was conducted using a morphological identification approach.
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The water conditions of the Bengawan Solo River currently needs serious attention. The river flow originating from

Central Java emptying into East Java carries a number of materials including nutrients which can cause water enrichment/

The case of enrichment in the waters of the Bengawan Solo River has been carried out by previous studies (Wijaya and
Elfiansyah 2022). Enrichment at the mouth of the river plays an important role in the dynamics of plankton populations in
water areas because phytoplankton will respond very quickly to changes in the concentration of the dissolved nutrients. It is
reported that nutrient enrichment events can reduce the value of biodiversity and the productivity of an ecosystem (Isbell et

al. 2013). The principal contributing factor is human intervention due to activities that have been carried out both on land
and in aquatic (anthropogenic) ecosystems (Pawitan et al. 2007, Roosmini et al. 2018). This condition also has an impact on
important ecosystems in the coastal area, namely coral reef ecosystems (D’ Angelo and Wiedenmann 2014).

Meanwhile, the estuary of the Brantas river is also a major region in Java that crosses the provinces of Central Java to
East Java. Conditions here are similar to those at the estuary of the Bengawan Solo River. The estuary waters of the Brantas
river also receive a large amount of organic matter from human activities. Nutrient influx from the Brantas River has the
potential to cause enrichment in the Madura Strait waters (Janen et al. 2013). Increasing the proportion of nitrogen and
phosphorus in the water results in a gradational change in marine conditions such that the highest concentrations of nutrients
are accumulated in the estuary or coastal areas compared to river areas (Jennerjahn and Klépper 2013). With the dynamics
of the potential for enrichment and the variety of nutrient sources that enter the waters of the Bengawan Solo and Brantas
rivers, research on the abundance and identification of dinoflagellate species is very important. Investigations of these key
phytoplankton constituents are expected to yield valuable data toward the management of water areas that minimizes the

occurrence of dangerous algae population explosions or HABs!

MATERIALS AND METHODS

Sample collection

Sediment at the bottom of either river mouth was collected with an Ekman Grab size 152x152x230 mm and put in plastic
which was labeled according to the location of the sample. At each location of the river estuary, sampling was carried out at
four stations with sampling being repeated three times. The coordinate points for sampling (Figure 1) at the mouths of the
Bengawan Solo and Brantas rivers are presented in Table 1.

Bojonegoro

Pamekasan

JAWATIMUR

\/\/

Probolinggo

Figure 1. Sampling Ig ://earth.google.com/).

Table 1. Sediment sampling locations.

No. River Station coordinates
06°51°44” S 112°30°06” E
06°50°18” S 112°31°25” E

L Bengawan Solo 06°49°36™ S 112°32°36” E
06°50°14” S 112°35°15” E
07°14'59” S 112°50'45” E
07°16'37" S 112951°35” E
2. Brantas

07°18°19” S 112°51°34” E
07°21°03” S 112°51°09” E
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Sediment separation with dinoflagellate cysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo 2000) where the sample is weighed
using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass container then introduced to sterile sea
water until it reaches a size of 50 ml. Following the acid treatment procedure, a sonication process was carried out for 15
minutes using an ultrasonic agitator to remove sediment particles attached to cysts. Furthermore, the sieving process was
carried out using a filter which is arranged in stages based on the size of the mesh openings. The sieving stage uses 3 filters
with sizes of 250 um, 125 pm and 20 um mesh. The sample that has been filtered is then precipitated using a petri dish, then
filtered again using a sieve with a mesh size of 20 um. The filtered cysts were then put into a 10 ml sample bottle for
morphological analysis.

Determination of the rate of water content

Determination of the rate of water tontent is carried out to establish the water contained in the sediment sample. Wet
sediment samples were first weighed out at 4-5 grams using an analytical balance which was then put into the oven with a
temperature of 150 °C for 1 hour. After that, the dry sediment samples were weighed again. Previous research (Matsuoka
and Fukuyo 2000) used the following formula wherein Bb is the wet sediment weight (g); Bk is the dry sediment weight (g),
and R is the rate of water content (%):

R =22 x50y
T~ Bb ’
Dinoflagellate cyst abundance calculation
The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer with 8 fields of
view on equipment. The abundance of dinoflagellate cysts was calculated based on the previous research fformula of
(Matsuoka and Fukuyo 2000) wherein R is the rate of water content (%), N is the total number of cysts observed, and W is
the weight of wet sediment (g):

N

Cysts per gram = —
W(1-R)
Identification of dinoflagellate cysts

Dinoflagellate cyst morphological analysis was carried out by taking organic sample residue using a dropper pipette of
1 ml and transferring it to a hemacytometer container for observation under a transmitted light microscope. Each
dinoflagellate cyst sample was identified to the genus and species level based on the published description of the taxon by
the researcher [(Alkawri 2016, Mertens et al. 2020)|

Data analysis

All data is\ presented in a table using Microsoft Excel software. Additionally, similarity analysis, shade plot analysis, and
dinoflagellate abundance from two different sampling locations were analyzed using Primer-e software (Clarke and Gorley
2015).

RESULTS AND DISCUSSION

Results
Dinoflagellate cyst diversity

The dinoflagellate cysts taxa present varied significantly lin the estuaries of the Berantas and Bengawan Solo rivers (Table
1). The Bengawan Solo River estuary yielded a higher diversity of four species of dinoflagellate cysts compared to that of
the Brantas River estuary which only presented 12 species. The type of Protoperidinium obtusum was found to dominate in
the mouth of the Bengawan Solo River, while the type of Scrippsiella lachrymose dominated in the mouth of the Brantas
River (Figure 2).

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River and the mouth
of the Brantas River.

Average abundance of dinoflagellate cyst
No. Species name (cyst g* sediment)
Bengawan Solo Brantas

1 Alexandrium catenella 35 48
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2 Alexandrium minutum 66 93
3 Brigantedinium sp. 28 42
Cochlodinium polykrikoides 69 48
5 Gymnodinium catenatum 43 -
6 Gyrodinium sp. 32 50
7 Pentapharsodinium tyrrhenicum 150 106
8 Polykrikos kofoidii 39 -
9 Polykrikos schwartzii 89 170
10 Protoperidinium compressum - 32
11 Protoperidinium leonis 50 -
12 Protoperidinium oblongum 251 112
13 Protoperidinium obtusum - 139
14 Protoperidinium pentagonum 41 -
15 Scrippsiella crystallina 68 147
16 Scrippsiella lachrymosa 214 130
17 Votadinium sp. 27 -
18 Zygabikodinium lenticulatum 39 -




130
131
132
133
134
135
136

138
139
140
141

142

Figure 2. Dinoflagellate cyste collected from Bengawan Solo and Brantas river estuary. Bar scale 10 p (A) Alexandrium catenella;
(B) Alexandrium minutum; (C) Brigantedinium sp.; (D) Cochlodinium polykrikoides; (E) Gymnodinium catenatum; (F) Gyrodinium sp;
(G) Pentapharsodinium tyrrhenicum ; (H) Polykrikos kofoidii; (1) Polykrikos schwartzii ; (J) Protoperidinium leonis; (K)
Protoperidinium oblongum; (L) Protoperidinium obtusum; (M) Protoperidinium pentagonum; (N) Scrippsiella crystallina; (O)
Scrippsiella lachrymose; (P) Votadinium sp; (Q) Zygabikodinium lenticulatum, R) Protoperidinium compressum .

Biodiversity analysis of dinoflagellate cysts

Based on the dinoflagellate cyst abundance data, a biodiversity analysis was carried out to determine the dominating
species and distribution patterns of cyst species in both river estuaries in East Java. Each sampling location was repeated
four times to reduce the resulting data bias. Biodiversity analysis includes Margalef Index (d), Pielou's Evenness (J'), and
Shannon-Wiener Index (H'). Referring to the Shannon-Wiener\Index (H") value, it shows that the mouth of the Bengawan

Solo River (2.1055) has higher diversity than the mouth of the \Brantas\ River (2.0363).
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Table 2. Biodiversity analysis of dinoflagellate cysts at the mouths of the Bengawan Solo and Brantas rivers.

Biodiversty Index
No. River Margalef Index (d) | Pielou’s Evenness (J°) Shannon—}/;/ll’(;ner Index
1 Bengawan Solo 2.7193 0.97933 2.1055
2 Brantas 2.4346 0.98888 2.0363

Analysis of similarity and abundance of dinoflagellate cyst types
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Figure 3. Analysis of similarity from eight sampling locations at the two river mouths of the Bengawan Solo and Brantas rivers in East
Java.

The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found in both regions
(Figure 3). The data was processed using Primer-e software and at the same time analyzing species abundance at each
sediment collection station. Only the four sampling stations at the mouth of the Bengawan Solo River had the highest
abundance and were different from other stations. Meanwhile, the sampling stations at the mouth of the Brantas River were
in one branch which had a fairly high similarity between the four replicates. An abundance analysis (Figure 4) was carried
out to ascertain species that have the potential to cause harmful algae blooms (HAB), which are known to be detrimental to
fishing activities and even a danger to public health. The results of the ShaderGraph analysis showed that cysts of this type
of dinoflagellate are only found in the mouth of the Brantas River, namely those of the Protoperidinium compressum.
Meanwhile, at the mouth of the Bengawan Solo River, there are several species that are not found at the mouth of the Brantas
River, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum,
and Votadinium sp.
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|Figure 4. Shade plot of species distribution at each sampling station at the mouth of the Bengawan Solo River (bs) and mouth of the
Brantas River (br). The color intensity indicates the higher the abundance of the species found. The estuary of the Bengawan Solo
River has a higher diversity index than the estuary of the Brantas River. The type of dinoflagellate cyst that predominates in the
estuary of the Bengawan Solo River is Protoperidium obtusum.

Discussion

The diversity of dinoflagella cysts needs to be studied because certain typelof dinoflagellates have the potential to become
a plankton group that needs to be watched out for for reasons of health and public safety (Bravo and Figueroa 2014). This
report is the first to identify dinoflagellate cysts in East Java, specifically at the mouths of large rivers in the Bengawan Solo
and Brantas river estuaries. The existence of dinoflagellates in a number of areas has received intensive attention, including
mapping the distribution and species present to avoid losses incurred when this type of dinoflagellate experiences a
population explosion. Previous research on the presence of dinoflagellate blooms has been reported in a number of countries
such as Australia (Roberts et al. 2019), Chile, and France (Luo et al. 2019). Meanwhile, studies of dinoflagellate cysts in
Indonesia have been carried out in several areas such as Lampung Bay (Thoha et al. 2019), Jakarta and Flores (Matsuoka
and Fukuyo 1999), Central Jawa (Matsuoka 1983, 1984), Makassar (Rukminasari and Tahir 2020), and Pankajene (Rachman
et al. 2022). These incidents have proven harmful to activities related to aquatic resources such as fishing, which have had
a huge impact| Losses due to the harmfull algae blooms have been reported, which have caused the death of a number of

fish in the waters and damaged the surrounding aquaculture industries (Jardine et al. 2020, Sakamoto et al. 2021). A number
of regions also reported their impact on human health causing a numerous instances of illness (Grattan et al. 2016). Thus, it
is essential for this research to be carried out to predict the potential for a dangerous algae population explosions.

In this study, two large river estuaries in East Java are shown to be important locations because of their proximity to
many sites where fisheries are developing, especially realting to shrimp (Litopenaeus vanamae) and milkfish (Chanos
chanos) ponds which are the mainstay of this region. The estuary of the Bengawan Solo River is in the Gresik area which is
a high producer of milkfish (Rohman et al. 2021) in addition to intensive artisanal fishing activities carried out (Collier
2019). in addition to intensive artisanal fishing activities carried out (Collier 2019). Meanwhile, the Brantas River, which is
also quite large, passes through the city of Surabaya which then branches toward North Surabaya and East Surabaya. The
eastern Surabaya area is very close to Sidoarjo Regency, which is also one of the Penaeus vanamae white shrimp pond areas
(Hukom et al. 2020).

There were two species found in all research locations, namely Protoperidinium oblongum and Pentapharsodinium
tyrrhenicum. The ecological function of dinoflagellates in water has received the attention of a number of researchers (Furio
et al. 2012, Naqqgiuddin et al. 2014, Srivilai et al. 2012). Under unfavorable conditions, dinoflagellates will produce cysts
that are able to survive and settle in aquatic sediments. Dinoflagellate cysts play an important role biologically and
ecologically because cysts can help dinoflagellates survive in harsh environments, provide \opportunities\ and facilitate their
dispersal in aquatic habitats, and act as seeds in algae blooms (Bravo and Figueroa 2014). In addition, the dinoflagellates of
some species can produce more toxins than the vegetative forms, seriously affecting other organisms through the food web
and even human health (Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the impacts of algae blooms include beach
pollution, lack of oxygen, and the death of marine species on a large scale (Park et al. 2013). Alexandrium tamarense has
been identified as a toxic species (Oshima et al. 1992), and in this study we found two species in the genus Alexandrium (A.
catenella dan and A. minutum). Therefore, accurate identification of dinoflagellates is an important first step in their early
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detection and function in ecological studies. Because dinoflagellates have limited or even non-existent taxonomic keys,
molecular methods to identify dinoflagellates have become a priority as a continuation of this research. |Berkenaan dengan
pendekatan molekuler, beberapa penelitian telah berhasil mengidentifikasi berdasarkan rDNA pada SSU, LSU dan gen regio
ITS\ (Branco et al. 2020, Mertens et al. 2015). In the current study, morphological identification was carried out by taking
into account a number of general characteristics, such as the shape of the resulting cyst and its ornamentation, the structure
and color of the walls, and the type of archeopyle (Matsuoka and Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even though a number
of studies on dinoflagellate species have been identified in a number of areas. The main cause of the algae population
explosion is nutrients in the waters which are abundant and support algae growth in a short timeframe (Piranti et al. 2021).
Algae bloom events can occur in fresh water and marine waters. Cases that have been reported in a number of publications
are the waters of the Jakarta Bay which caused mass fish die-offs (Nasution et al. 2021). Although, in East Java there have
been no reports of algae blooms, and it is hoped that research on the potential for HABs in East Java waters can be mitigated
from the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Java Island of Indonesia are still very limited (Matsuoka 1983, 1984,
Matsuoka and Fukuyo 1999). Monitoring activities for the type Pyrodinium bahamense have been carried out to anticipate
the presence of alagae blooms in Indonesia including, Lampung Bay, Jakarta Bay, Cirebon coastal waters and Ambon Bay
(Rachman et al. 2021). Studies on the diversity index of dinofagellate cysts have been reported in Muara Jeneberang and
Paotere Harbor with values ranging from 0.82-1.01 (Rukminasari and Tahir 2021). This diversity value is still relatively
low when compared to the biodiversity of dinoflagella cysts in East Java with a Shannon-Wiener index ranging from 2.0363—
2.1055. Another report in South Sulawesi, Maros estuary and Pangkep River estuary, which are included in the moderate
category for the potential presence of HABs in this area (Rukminasari and Tahir 2021). Based on previous research, the
abundance of dinoflagellate cysts can be an indication of the potential for HABs in a given region. There are four potential
groups that have been classified, namely very low, low, medium, high and very high levels (McMinn 1991, Tian et al. 2018).
Pevious study show that abundance of dinoflagellate cysts in Lampung for P. bahamense is 1-100 cysts g sediment
(Rachman et al. 2021), while previous research found M. polykrikoides type cysts measured with abundances ranging from
100-1000 cysts g* sediment (Thoha et al. 2019). The abundance of P. bahamense in Cirebon waters was a serious case
because it caused human death (Nurlina 2018), with a relatively high abundance of 100—1000 cysts g* sediment (Rachman
et al. 2019). At the estuary of the Bengawan Solo River, the highest abundance was Protoperidinium oblongum (115 cysts
g sediment) and the lowest abundance was Protoperidinium leonis (21 cysts g sediment). Meanwhile, Alexandrium
minutum was found with the highest abundance (125 cysts g sediment) in the mouth of the Brantas River, with an average
of 73 cysts g* sediment having been found. Thus, the condition of the mouths of the Bengawan Solo and Brantas rivers still
has a low potential for the occurrence of HABs, and an average abundance of 73 and 62 cysts g respectively (McMinn
1991, Tian et al. 2018).

CONCLUSIONS

This report is the first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in East Java.
Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the Bengawan Solo and Brantas
rivers. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River mouth has a higher Shannon-
Wiener index compared to that of the Brantas River. The type of dinoflagellate cyst that dominates at the mouth of the
Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas River it is \Polykrikos schwartzii.
ShadeGraph analysis showed a number of species found only in the estuary of the Bengawan Solo River, namely
Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium
sp. Based on the results of this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to
document genetic information. In addition, this information is very important in the management of coastal areas around the
mouths of the Bengawan Solo and Brantas rivers to prevent dinoflagellate population explosions which are likely to have
negative impacts on various sectors of industry\.
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Diversity of dinoflagellate cysts isolated from estuarine sediments of the
Bengawan Solo and Brantas rivers, Indonesia

Abstract. Dinoflagellates are a major part of the phytoplankton and are commonly found in freshwater, brackish, and marine habitats
and are major components that play an important role in marine ecosystems. Dinoflagellate cysts (dinocysts) are produced by
dinoflagellates in an unfavorable unfavourable environment and can be preserved well in sediments for long periods of timeperiods. More
than 200 dinoflagellate species have been observed to produce resting cysts. That cyst is associated with the maintenance, discontinuation,
and repetition of annual blooms. This study identified dinoflagellates|cysts based on the morphological characteristics collected from the
estuaries of the Brantas and Bengawan Solo rivers. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River
mouth has a higher Shannon-Wiener index compared to the Brantas river mouth. The type of dinoflagellate cyst that dominates at the
mouth of the Bengawan Solo River is Protoperidinium obtusum, while that at the mouth of the Brantas River is Polykrikos schwartzii.
Shade graph analysis shows a number of species to be found only in the estuary of the Bengawan Solo River, namely Zygabicodinium
lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium sp. Based on the results of this
study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to document genetic information. In addition,
this information is very important in the management of coastal areas around the estuaries of the Bengawan Solo and Brantas rivers to

prevent dinoflagellate population explosions that may have negative impacts on various sectors.

aquatic, algae bloom, ecosystem
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INTRODUCTION

Changes in the phytoplankton community can occur when a number of harmful microalgae species grow and dominate
the water column and proceed to cause environmental impacts. Such an event is known as a Harmful Algal Bloom (HAB)
(Anderson et al. 2021). Following the concept of the Intergovernmental Oceanographic Commission (I0OC-UNESCO),
HABs are defined as a phenomenon of harmful algae growth in water which causes environmental problems (Anderson et
al. 2021), losses to the fisheries sector, and even illness to humans (Trevino-Garrison et al. 2015). The harm caused by HAB
events spans both spatial and temporal scales. Agricultural-scale losses include mass mortality of farmed fish, poisoning of
marine food sources, itching of beachgoers, and others. HAB events are generally due to nutrient enrichment, high
temperatures, low oxygen levels, and reduced light intensity as to enable dinoflagellates to grew-rapidhrovergrow. These
incidents are very-cemmenwidespread in estuary areas of rivers (Ajani et al. 2013). Most of the algae that cause HABs
belong to the dinoflagellate group (Kudela and Gobler 2012).

Dinoflagellates are included in the microalgae group found in the sea and river waters (Senanayake et al. 2021).
Dinoflagellates play an important role in these waters, namely as primary producers_(Hoppenrath et al. 2014; Price and

Bhattacharta 2017) | 1 As microalgae, dinoflagellates have a unique
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ability to specialize and survive in the competltlon of natural selection. Under productive conditions, dinoflagellates can
reproduce rapidly in the water column in the form of actively dividing swimming cells. When environmental conditions are
suboptimal, marked by nutrient enrichment (Faizal et al. 2012), warm temperatures (Coffey et al. 2019), low oxygen levels,
and reduced light intensity, they stop dividing and mate to form cysts which hibernate and are able to survive in sediments
for many years (Head et al. 2013). The hypnozygote is also produced by dinoflagellates through the fusion of gametes
produced by vegetative dinoflagellate cells, securely protected within the thick walls of the cyst and highly resistant to
adverse conditions (Bravo and Figueroa 2014). In this regard, a study of the biodiversity of dinoflagellate cysts in the

estuaries of the Bengawan Solo and Brantas rivers in East Java was conducted using a morphological identification approach.
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The water conditions of the Bengawan Solo River currently reedsneed serious attention. The river flow originating from
Central Java emptying into East Java carries a number of materials including nutrients which can cause water enrichment,
The case of enrichment in the waters of the Bengawan Solo River has been carried out by previous studies (Wijaya and
Elfiansyah 2022). Enrichment at the mouth of the river plays an important role in the dynamics of plankton populations in
water areas because phytoplankton will respond very quickly to changes in the concentration of the dissolved nutrients. It is
reported that nutrient enrichment events can reduce the value of plankton biodiversity (Amorim and do Nascimento Moura
2021) and the productivity of an ecosystem (Isbell et al. 2013). The principal contributing factor is human intervention due
to activities that have been carried out both on land and in aquatic (anthropogenic) ecosystems (Pawitan et al. 2007, Roosmini
et al. 2018). This condition also has an impact on important ecosystems in the coastal area, namely coral reef ecosystems
(D’ Angelo and Wiedenmann 2014).

Meanwhile, the estuary of the Brantas river is also a major region in Java that crosses the provinces of Central Java to
East Java. Conditions here are similar to those at the estuary of the Bengawan Solo River. The estuary waters of the Brantas
river also receive a large amount of organic matter from human activities. Nutrient influx from the Brantas River has the
potential to cause enrichment in the Madura Strait waters (Janen et al. 2013). Increasing the proportion of nitrogen and
phosphorus in the water results in a gradational change in marine conditions such that the highest concentrations of nutrients
are accumulated in the estuary or coastal areas compared to river areas (Jennerjahn and Klépper 2013). With the dynamics
of the potential for enrichment and the variety of nutrient sources that enter the waters of the Bengawan Solo and Brantas
rivers, research on the abundance and identification of dinoflagellate species is very important. Investigations of these key
phytoplankton constituents are expected to yield valuable data toward the management of water areas that minimizes the
occurrence of dangerous algae population explesiens-bloom or HABs| Before the occurrence of HABs occurs in coastal -
areas, early detection of the presence of the cause needs to be done. Here the study and identification of the types of
dinoflagellates in the form of dormant cysts in sediments were carried out in two estuary areas of the Bengawan Solo and

Brantas rivers in East Java.

MATERIALS AND METHODS

Sample collection

Sediment at the bottom of either river mouth was collected with an Ekman Grab size 152x152x230 mm and put in plastic
which was labeled according to the location of the sample. At each location of the river estuary, sampling was carried out at
four stations with sampling being repeated three times. The coordinate points for sampling (Figure 1) at the mouths of the
Bengawan Solo and Brantas rivers are presented in Table 1. These two locations were chosen in this study due to they are
major rivers in Java and flow and terminated into East Java. In addition, many fisheries and aquaculture activities are
scattered around the estuary of this river, so the existence of Bengawan Solo and Brantas Rivers plays an important role in
this province. Sampling was carried out during the transition from the rainy season to the dry season so that the water
conditions did not recede too much and were not affected by rainwater run-off from the two major rivers. Each river mouth
was determined in four sampling locations with each location replicated 3 times for ensuring the data is quite valid.,
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Table 1. Sediment sampling locations.
No. River Station coordinates
06°51°44” S 112°30°06” E
06°50°18” S 112°31°25” E

1. Bengawan Solo 06°49°36” S 112932°36” E
06°50°14” S 112°35’15” E
07°14°59” S 112°50°45” E
07°16°37” S 112°51°35” E
2. Brantas

07°18°19” S 112°51°34” E
07°21°03” S 112°51°09” E

Sediment separation with dinoflagellate cysts

The separation between sediment and cysts uses the method (Matsuoka and Fukuyo 2000) where the sample is weighed
using an analytical balance of 4-5 grams and then transferred to a 50 ml beaker glass container then introduced to sterile sea
water until it reaches a size of 50 ml. Following the acid treatment procedure, a sonication process was carried out for 15
minutes using an ultrasonic agitator to remove sediment particles attached to cysts. Furthermore, the sieving process was
carried out using a filter which is arranged in stages based on the size of the mesh openings. The sieving stage uses 3 filters
with sizes of 250 pm, 125 pm and 20 pum mesh. The sample that has been filtered is then precipitated using a petri dish, then
filtered again using a sieve with a mesh size of 20 um. The filtered cysts were then put into a 10 ml sample bottle for
morphological analysis.

Determination of the rate of water content

Determination of the fate-of-percent of water content is carried out to establish the water contained in the sediment
sample. Wet sediment samples were first weighed out at 4-5 grams using an analytical balance which was then put into the
oven with a temperature of 150 °C for 1 hour. After that, the driedy sediment samples were weighed again. Previous research
(Matsuoka and Fukuyo 2000) used the following formula wherein Bb is the wet sediment weight (g); Bk is the dry sediment
weight (g), and R is the rate-percent of water content (%):

R=DBb=% x 1009
Bb
Dinoflagellate cyst abundance calculation
The abundance of dinoflagellate cysts was observed under a light microscope using a haemacytometer with 8 fields of
view on equipment. The abundance of dinoflagellate cysts was calculated based on the previous research fformula of

Matsuoka and Fukuyo (Matsuoka and Fukuyo 2000) wherein R is the rate of water content (%), N is the total number of
cysts observed, and W is the weight of wet sediment (g):

N

Cysts per gram = —
W1 —R)
Identification of dinoflagellate cysts

Dinoflagellate cyst morphological analysis was carried out by taking organic sample residue using a dropper pipette of
1 ml and transferring it to a hemacytometer container for observation under a transmitted light microscope. Each
dinoflagellate cyst sample was identified to the genus and species level based on the published description of the taxon by
the researcher (Alkawri 2016; Mertens et al. 2020) i ;

Data analysis
All datafis-are presented in a table using Microsoft Excel software. Additionally, similarity analysis, shade plot analysis,
and dinoflagellate abundance from two different sampling locations were analyzed using Primer-e software (Clarke and
Gorley 2015). Biodiversity indices was measure including Margalef index, Rielou’s Evenness Index and Shannon-Wiener
Index. Margalef Index and Shannon-Wiener Index are indicate of species richness which measure by comparison total
number of species and total number of individual in certain area (Fedor and Zvarikova 2019). While Piclou’s Evenness Index
indicate of species distribution in certain area or sampling site. The Evennes index value which is close to one means that
the distribution of biodata in this area is almost perfectly distributed (Dewi et al. 2022). ,
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RESULTS AND DISCUSSION

Results
Dinoflagellate cyst diversity

The dinoflagellate cysts taxa present varied ‘significantlykin the estuaries of the Berantas and Bengawan Solo rivers
(Table 1). The Bengawan Solo River estuary yielded a higher diversity of four species of dinoflagellate cysts compared to
that of the Brantas River estuary which only presented 12 \species\, which collected from 4 sites and 3 replication each river.
The type of Protoperidinium obtusum was found to dominate in the mouth of the Bengawan Solo River, while the type of
Scrippsiella lachrymose dominated in the mouth of the Brantas River (Figure 2).

Table 1. Types of dinoflagellate cysts isolated from sediments in the estuaries of the Bengawan Solo River and the mouth
of the Brantas River.
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Average abundance of dinoflagellate cyst
N . Species name (cyst g sediment)
Bengawan Solo Brantas

1A Alexandrium catenella 35 48

28 Alexandrium minutum 66 93

3C Brigantedinium sp. 28 42

D Cochlodinium polykrikoides 69 48

5E Gymnodinium catenatum 43 -

@FA Gyrodinium sp. 32 50

;é Pentapharsodinium tyrrhenicum 150 106
g: Polykrikos kofoidii 39 -

;T Polykrikos schwartzii 89 170
;gAJ Protoperidinium compressum - 2
;_yz Protoperidinium leonis 52) -

1_2? Protoperidinium oblongum 251 112
13%‘ Protoperidinium obtusum D126 . 39
14N Protoperidinium pentagonum 41 -
15Q Scrippsiella crystallina 68 147
16R Scrippsiella lachrymosa 214 130
17G | Votadinium sp. 27 -

18R Zygabikodinium lenticulatum 39 -
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Figure 2. Dinoflagellate cyste collected from Bengawan Solo and Brantas river estuary. Bar scale 10 p (A) Alexandrium catenella;
(B) Alexandrium minutum; (C) Brigantedinium sp.; (D) Cochlodinium polykrikoides; (E) Gymnodinium catenatum; (F) Gyrodinium sp;
(G) Pentapharsodinium tyrrhenicum ; (H) Polykrikos kofoidii; (1) Polykrikos schwartzii ; (J) Protoperidinium leonis; (K)
Protoperidinium oblongum; (L) Protoperidinium obtusum; (M) Protoperidinium pentagonum; (N) Scrippsiella crystallina; (O)

Biodiversity analysis of dinoflagellate cysts

Based on the dinoflagellate cyst abundance data, a biodiversity analysis was carried out to determine the dominating
species and distribution patterns of cyst species in both river estuaries in East Java. Each sampling location was repeated
four times to reduce the resulting data bias. Biodiversity analysis includes Margalef Index (d), Pielou's Evenness (J'), and
Shannon-Wiener Index (H'). Referring to the Shannon-Wiener|Index (H") value, it shows that the mouth of the Bengawan
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collecting samples from mouth river as the main estuarine arean which trasition between fresh water and marine water

ecosystem. This location also has several fisheries and aquaculture activities (Darmawan et al. 2019)._Both biodiversity
parameters (Margalef and Shannon-Wiener Index) show values between scores 1 and 3 which indicate a moderate level of
diversity. Meanwhile, the biota is spread out almost entirely from the Pielou’s Evennes Index which is close to a value of
one (Siregar et al. 2014).,

Table 2. Biodiversity analysis of dinoflagellate cysts at the mouths of the Bengawan Solo and Brantas rivers.

Biodiversty Index
No. | River Margalef Index (d) | Pielou’s Evenness (J°) Sh?nnon-Wlener—Indexj_lH’ *
1 | Bengawan Solo 2.7193 0.97933 2.1055 *
2 | Brantas 2.4346 0.98888 2.0363 D

Analysis of similarity and abundance of dinoflagellate cyst types

Transform: Log(X+1)
Standardise Samples by Total
Resemblance: S17 Bray-Curtis similarity
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Figure 3. Analysis of similarity from eight sampling locations at the two river mouths of the Bengawan Solo and Brantas rivers in East
Java.

The similarity analysis was carried out by comparing data on the abundance of dinoflagellate cysts found in both regions
(Figure 3). The data was processed using Primer-e software and at the same time analyzing species abundance at each
sediment collection station. Only the four sampling stations at the mouth of the Bengawan Solo River had the highest
abundance and were different from other stations. Meanwhile, the sampling stations at the mouth of the Brantas River were
in one branch which had a fairly high similarity between the four replicates. An abundance analysis (Figure 4) was carried
out to ascertain species that have the potential to cause harmful algae blooms (HAB), which are known to be detrimental to
fishing activities and even a danger to public health. The results of the ShaderGraph analysis showed that cysts of this type
of dinoflagellate are only found in the mouth of the Brantas River, namely those of the Protoperidinium compressum.
Meanwhile, at the mouth of the Bengawan Solo River, there are several species that are not found at the mouth of the Brantas
River, namely Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum,
and Votadinium sp.
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\Figure 4. Shade plot of species distribution at each sampling station at the mouth of the Bengawan Solo River (bs) and mouth of the
Brantas River (br). The color intensity indicates the higher the abundance of the species found. The estuary of the Bengawan Solo
River has a higher diversity index than the estuary of the Brantas River. The type of dinoflagellate cyst that predominates in the
estuary of the Bengawan Solo River is Protoperidium obtusum. Index 0-4 is normalized data of species abundance using log10 which
indicates species abundance in a certain area.

Discussion

The diversity of dinoflagella cysts needs to be studied because certain \typelg of dinoflagellates have the potential to
become a plankton group that needs to be watched out for for reasons of health and public safety (Bravo and Figueroa 2014).
This report is the first to identify dinoflagellate cysts in East Java, specifically at the mouths of large rivers in the Bengawan
Solo and Brantas river estuaries. The existence of dinoflagellates in a number of areas has received intensive attention,
including mapping the distribution and species present to avoid losses incurred when this type of dinoflagellate experiences
a population explosion. Previous research on the presence of dinoflagellate blooms has been reported in a number of
countries such as Australia (Roberts et al. 2019), Chile, and France (Luo et al. 2019). Meanwhile, studies of dinoflagellate
cysts in Indonesia have been carried out in several areas such as Lampung Bay (Thoha et al. 2019), Jakarta and Flores
(Matsuoka and Fukuyo 1999), Central Jawa (Matsuoka 1983, 1984), Makassar (Rukminasari and Tahir 2020), and Pankajene
(Rachman et al. 2022). These incidents have proven harmful to activities related to aquatic resources such as fishing, which
have had a huge impact| for instance in human healt and wellbeing (Berdalet et al. 2016) and economic (Sanseverino et al.
2016). Losses due to the \harmfuiﬂ algae blooms have been reported, which have caused the death of a number of fish in the
waters and damaged the surrounding aquaculture industries (Jardine et al. 2020, Sakamoto et al. 2021). A number of regions
also reported their impact on human health causing a numerous instances of iliness (Grattan et al. 2016). Thus, it is essential
for this research to be carried out to predict the potential for a dangerous algae population explosions.

In this study, two large river estuaries in East Java are shown to be important locations because of their proximity to
many sites where fisheries are developing, especially realting to shrimp (Litopenaeus vanamae) and milkfish (Chanos
chanos) ponds which are the mainstay of this region. The estuary of the Bengawan Solo River is in the Gresik area which is
a high producer of milkfish (Rohman et al. 2021) in addition to intensive artisanal fishing activities carried out (Collier
2019). in addition to intensive artisanal fishing activities carried out (Collier 2019). Meanwhile, the Brantas River, which is
also quite large, passes through the city of Surabaya which then branches toward North Surabaya and East Surabaya. The
eastern Surabaya area is very close to Sidoarjo Regency, which is also one of the Penaeus vanamae white shrimp pond areas
(Hukom et al. 2020).

There were two species found in all research locations, namely Protoperidinium oblongum and Pentapharsodinium
tyrrhenicum. The ecological function of dinoflagellates in water has received the attention of a number of researchers (Furio
et al. 2012, Naqqgiuddin et al. 2014, Srivilai et al. 2012). Under unfavorable conditions, dinoflagellates will produce cysts
that are able to survive and settle in aquatic sediments. Dinoflagellate cysts play an important role biologically and
ecologically because cysts can help dinoflagellates survive in harsh environments, provide opportunities \ survive in
unsuitable condition and facilitate their dispersal in aquatic habitats, and act as seeds in algae blooms (Bravo and Figueroa
2014). In addition, the dinoflagellates of some species can produce more toxins than the vegetative forms, seriously affecting
other organisms through the food web and even human health (Kirkpatrick et al. 2004). Meanwhile for aquatic ecology, the
impacts of algae blooms include beach pollution, lack of oxygen, and the death of marine species on a large scale (Park et
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al. 2013). Alexandrium tamarense has been identified as a toxic species (Oshima et al. 1992), and in this study we found two
species in the genus Alexandrium (A. catenella dan and A. minutum). Therefore, accurate identification of dinoflagellates is
an important first step in their early detection and function in ecological studies. Because dinoflagellates have limited or
even non-existent taxonomic keys, molecular methods to identify dinoflagellates have become a priority as a continuation
of this research. \Berkenaan dengan pendekatan molekuler, beberapa penelitian telah berhasil mengidentifikasi berdasarkan
rDNA pada SSU, LSU dan gen regio ITS With-regard Acoording to the molecular approach, several studies have succeeded
in identification of dinoflagellate by rDNA based on SSU, LSU and also ITS region gene (Branco et al. 2020; Mertens et

I. 2015). {Branco-et-al—2020Mertens-et-ak—2015)-In the current study, morphological identification was carried out by
taklng into account a number of general characteristics, such as the shape of the resulting cyst and its ornamentation, the
structure and color of the walls, and the type of archeopyle (Matsuoka and Fukuyo 2000).

The case of the dinoflagellate population explosion in Indonesia has not received serious attention even though a-rumber
ofseveral studies on dinoflagellate species have been identified in a number of areas. The main cause of the algae population
explosion is nutrients in the waters which are abundant and support algae growth in a short timeframe (Piranti et al. 2021).
Algae bloom events can occur in fresh water and marine waters. Cases that have been reported in a number of publications
are the waters of the Jakarta Bay which caused mass fish die-offs (Nasution et al. 2021). Although, in East Java there have
been no reports of algae blooms, and it is hoped that research on the potential for HABs in East Java waters can be mitigated
from the start so that losses and impacts are expected to be minimized.

Biodiversity studies of dinoflagellate cysts in Java Island of Indonesia are still very limited (Matsuoka 1983, 1984,
Matsuoka and Fukuyo 1999). Monitoring activities for the type Pyrodinium bahamense have been carried out to anticipate
the presence of alagae blooms in Indonesia including, Lampung Bay, Jakarta Bay, Cirebon coastal waters and Ambon Bay
(Rachman et al. 2021). Studies on the diversity index of dinofagellate cysts have been reported in Muara Jeneberang and
Paotere Harbor with values ranging from 0.82-1.01 (Rukminasari and Tahir 2021). This diversity value is still relatively
low when compared to the biodiversity of dinoflagella cysts in East Java with a Shannon-Wiener index ranging from 2.0363—
2.1055. Another report in South Sulawesi, Maros estuary and Pangkep River estuary, which are included in the moderate
category for the potential presence of HABs in this area (Rukminasari and Tahir 2021). Based on previous research, the
abundance of dinoflagellate cysts can be an indication of the potential for HABs in a given region. There are four potential
groups that have been classified, namely very low, low, medium, high and very high levels (McMinn 1991, Tian et al. 2018).
Pevious study show that abundance of dinoflagellate cysts in Lampung for P. bahamense is 1-100 cysts g sediment
(Rachman et al. 2021), while previous research found M. polykrikoides type cysts measured with abundances ranging from
100-1000 cysts g* sediment (Thoha et al. 2019). The abundance of P. bahamense in Cirebon waters was a serious case
because it caused human death (Nurlina 2018), with a relatively high abundance of 100-1000 cysts g* sediment (Rachman
et al. 2019). At the estuary of the Bengawan Solo River, the highest abundance was Protoperidinium oblongum (115 cysts
g sediment) and the lowest abundance was Protoperidinium leonis (21 cysts g sediment). Meanwhile, Alexandrium
minutum was found with the highest abundance (125 cysts g sediment) in the mouth of the Brantas River, with an average
of 73 cysts g* sediment having been found. Thus, the condition of the mouths of the Bengawan Solo and Brantas rivers still
has a low potential for the occurrence of HABs, and an average abundance of 73 and 62 cysts g™ respectively (McMinn
1991, Tian et al. 2018).

CONCLUSIONS

This report is the first study on the biodiversity of dinoflagellate cysts in the estuaries of major rivers in East Java.
Research on dinoflagellate cysts revealed the diversity of dinoflagellates at the mouth of the Bengawan Solo and Brantas
rivers. Analysis of cyst diversity in the two regions shows that the Bengawan Solo River mouth has a higher Shannon-
Wiener index compared to that of the Brantas River. The type of dinoflagellate cyst that dominates at the mouth of the

Bengawan Solo River is Protoperidinium obtusum, while at the mouth of the Brantas River it is Polykrikos schwartzii.

ShadeGraph analysis showed a number of species found only in the estuary of the Bengawan Solo River, namely
Zygabicodinium lenticulatum, Polykrikos kofoidii, Protoperidinium pentagonum, Gymnodinium catenatum, and Votadinium
sp. Based on the results of this study, it is necessary to carry out DNA characteristic tests of isolated and cultured species to
document genetic information. In addition, this information is very important in the management of coastal areas around the
mouths of the Bengawan Solo and Brantas rivers to prevent dinoflagellate population explesions-bloom which are likely to
have negative impacts on various sectors of fisheries industry|and aquaculture activities.

ACKNOWLEDGEMENTS

The authors would like to express their sincere gratitude for the initiation of collaborative research. The authors also
express our gratitude to Universitas Airlangga which provided partial funding for this research based on Research Grant No.
439/UN3.1.12/ PT/2022 on DNA Barcoding for fish from inland and marine water ecosystems. The authors have no conflicts
of interest to declare.

Commented [A27]: Sentence is not in english

Commented [A28]: Should be in italics.

[Formatted: Font: Italic
(
[

Formatted: Font: Italic

Formatted: Font: Italic J
Commented [A29]: What are the future directions for

this research




REFERENCES

Anderson DM, Fensin\ E, Gobler CJ, Hoeglund AE, Hubbard KA, Kulis DM, Landsberg JH, Lefebvre KA, Provoost P,
Richlen ML, Smith JL, Solow AR, Trainer, VL. 2021. Marine harmful algal blooms (HABs) in the United States:
History, current status and future trends. Harmful Algae 102: 101975. DOI: 10.1016/j.hal.2021.101975

Amorim CA, do Nascimento Moura A. 2021. Ecological impacts of freshwater algal blooms on water guality, plankton
biodiversity, structure, and ecosystem functioning. Science of the Total Environment 758: 143605. DOI:
10.1016/j.sCitoteny.2020. 143605,

Alkawri A. 2016. Seasonal variation in composition and abundance of harmful dinoflagellates in Yemeni waters, southern
Red Sea. Marine Pollution Bulletin 112: 225-234. DOI: 10.1016/j.marpolbul.2016.08.015

Ajani P, Brett S, Krogh M, Scanes P, Webster G, Armand L. 2013. The risk of harmful algal blooms (HABS) in the oyster-
growing estuaries of New South Wales, Australia. Environmental Monitoring and Assessment, 185(6), 5295-5316.
DOI: 10.1007/s10661-012-2946-9

Berdalet E, Fleming LE, Gowen R, Davidson K, Hess P, Backer LC, Moore SK, Hoagland P, Enevoldsen H. 2016. Marine
harmful algal blooms, human health and wellbeing: challenges and opportunities in the 21st century. Journal of the
Marine Biological Association of the United Kingdom 96 (1): 61-91. DOI: 10.1017/S0025315415001733

Branco S, Oliveira MM, Salgueiro F, Vilar MC, Azevedo SM, Menezes M. 2020. Morphology and molecular phylogeny of
a new PST-producing dinoflagellate species: Alexandrium|fragae sp. nov.(Gonyaulacales, dinophyceae). Harmful algae
95:101793. DOI: 10.1016/j.hal.2020.101793

Bravo |, Figueroa RI. 2014. Towards an ecological understanding of dinoflagellate cyst functions. Microorganisms 2: 11-
32. DOI: 10.3390/microorganisms2010011

Clarke K, Gorley R. 2015. Getting started with PRIMER v7. PRIMER-E: Plymouth, Plymouth Marine Laboratory 20.

Coffey R, Paul MJ, Stamp J, Hamilton A, Johnson T. 2019. A review of water quality responses to air temperature and
precipitation changes 2: Nutrients, algal blooms, sediment, pathogens. JAWRA Journal of the American Water
Resources Association, 55(4), 844-868. DOI: 10.1111/1752-1688.12711

Collier WL. 2019. Aquaculture and artisanal fisheries. Pages 275-294. Agricultural and rural development in Indonesia,
Routledge.

Darmawan A, Yoviandianto 1A, Mahmudi M. 2019. Pemetaan Distribusi Kualitas Air _Untuk Mendukung Budidaya
Perikanan Menggunakan Sistem Informasi Geografis, Kasus Di Sungai Brantas, Kecamatan Bumiaji. JFMR (Journal
of Fisheries and Marine Research) 3: 373-381. DOI: 10.21776/ub.jfmr.2019.003.03.13 ...

Dewi TAR, Mauludiyah M, Munir M. 2022. Study of The Relationship of Water Quality with The Ecological Index of
Aquatic Biota in The Permata Pilang Beach Estuary Area, Probolinggo. Jurnal Biota 8 (2): 123-131. DOI:

Commented [A30]:

Formatted: Font color: Text 1

Formatted: Font color: Text 1

Formatted: Font color: Text 1

Formatted: Font: (Default) Times New Roman, Font
color: Text 1

Commented [A31]: Italicise the scientific name here

Formatted: Font: Italic

Formatted: Font: Italic

Formatted: Font: Italic

Formatted: Font: (Default) Times New Roman, 10 pt

A0.19109/Biota.V8i2.35065
Faizal A, Jompa J, Nessa M, Rani C. 2012. Dinamika spasio-temporal tingkat kesuburan perairan di Kepulauan Spermonde,
Sulawesi Selatan. Seminar Nasional Tahunan IX Hasil Penelitian Perikanan dan Kelautan.
Fedor P, Zvarikova M. 2019. Biodiversity indices. Encycl. Ecol 2: 337-346. Encyclopedia of Ecology. Volume 1 A-C. Sven

| Formatted: Font: Times New Roman, 10 pt

Eric Jorgensen and Brian D. Fath (Ed). Elsevier., .

Furio EF, Azanza RV, Fukuyo Y, Matsuoka K. 2012. Review of geographical distribution of dinoflagellate cysts in Southeast
Asian coasts. Coastal marine science 35 (1): 20—33\

Grattan LM, Holobaugh S, Morris Jr JG. 2016. Harmful algal blooms and public health. Harmful Algae 57: 2-8. DOI:
10.1016/j.hal.2016.05.003

Head MJ, Harland R, Lewis JM, Marret F, Bradley L. 2013. A history of the International Conferences on Modern and Fossil
Dinoflagellates, 1978-2011. Biological and Geological Perspectives of Dinoflagellates. London: The
Micropalaeontological Society, Special Publications. Geological Society, 1A21.

Hoppenrath M, Murray SA, Chomérat N, Horiguchi T. 2014. Marine benthic dinoflagellates-unveiling their worldwide
biodiversity. 276  pp. Kleine  Senckenberg-Reihe 54, Schweizerbart’sche  Verlagsbuchhandlung
(http://www.schweizerbart.de).

Hukom V, Nielsen R, Asmild M, Nielsen M. 2020. Do aquaculture farmers have an incentive to maintain good water quality?
The case of small-scale shrimp farming in Indonesia. Ecological Economics 176: 106717. DOI:
10.1016/j.ecolecon.2020.106717

Jardine SL, Fisher MC, Moore SK, Samhouri JF. 2020. Inequality in the economic impacts from climate shocks in fisheries:
the case of harmful algal blooms. Ecological Economics 176: 106691. DOI: 10.1016/j.ecolecon.2020.106691

Kirkpatrick B, Fleming LE, Squicciarini D, Backer LC, Clark R, Abraham W, Benson J, Cheng YS, Johnson D, Pierce R.
2004. Literature review of Florida red tide: implications for human health effects. Harmful Algae 3: 99-115. DOI:
10.1016/j.hal.2003.08.005

Kudela RM, Gobler CJ. 2012. Harmful dinoflagellate blooms caused by Cochlodinium sp.: global expansion and
ecological strategies facilitating bloom formation. Harmful Algae 14: 71-86. DOI: 10.1016/j.hal.2011.10.015

Luo Z, Mertens KN, Nézan E, Gu L, Pospelova V, Thoha H, Gu H. 2019. Morphology, ultrastructure and molecular
phylogeny of cyst-producing Caladoa \arcachonensis{ gen. et sp. nov.(Peridiniales, Dinophyceae) from France and

Indonesia. European Journal of Phycology 54: 235-248. DOI: 10.1080/09670262.2018.1558287

| Formatted: Font:

Commented [A32]: Include the doi here

Commented [A33R32]: The journal not provided DOI

information

Commented [A34]: Italicise the scientific name here

Formatted: Font: Italic

Formatted: Font: Italic



https://doi.org/10.1016/j.hal.2021.101975
https://doi.org/10.1016/j.scitotenv.2020.143605
https://doi.org/10.1016/j.marpolbul.2016.08.015
https://doi.org/10.1016/j.hal.2020.101793
https://doi.org/10.3390/microorganisms2010011
https://doi.org/10.1111/1752-1688.12711
https://doi.org/10.21776/ub.jfmr.2019.003.03.13
https://doi.org/10.19109/Biota.v8i2.35065
https://doi.org/10.1016/j.hal.2016.05.003
https://doi.org/10.1016/j.ecolecon.2020.106717
https://doi.org/10.1016/j.ecolecon.2020.106691
https://doi.org/10.1016/j.hal.2003.08.005
https://doi.org/10.1016/j.hal.2011.10.015
https://doi.org/10.1080/09670262.2018.1558287

403

Matsuoka K. 1983. A new dinoflagellate cyst (Danea heterospinosa) from the eicene of central Java, Indonesia. Review of
palaeobotany and palynology 40: 115-126. DOI: 10.1016/0034-6667(83)90006-4

Matsuoka K.—. 1984. Some dinoflagellate cysts from the Nanggulan Formation in central Java, Indonesia. Pages 374-387.
Transactions and proceedings of the Paleontological Society of Japan. New series: Palaeontological Society of Japan.
DOI: 10.14825/prpsj1951.1984.134_374

Matsuoka K, Fukuyo Y. 1999. Dinoflagellate cysts in surface sediments of Jakarta Bay, off Ujung Pandang and Larantuka
of Flores Islands, Indonesia with special reference of lerodinium{bahamense. Nagasaki University Fisheries Faculty

Research Report 80: 49-54.

Matsuoka K, Fukuyo Y.—. 2000. Technical guide for modern dinoflagellate cyst study. WESTPAC-HAB, Japan Society
for the Promotion of Science, Tokyo, Japan 47.

McMinn A. 1991. Recent dinoflagellate cysts from estuaries on the central coast of New South Wales, Australia.
Micropaleontology: 269-287. DOI: 10.2307/1485890

Mertens KN, Aydin H, Uzar S, Takano Y, Yamaguchi A, Matsuoka K. 2015. Relationship between the dinoflagellate cyst
Spiniferites pachydermus and Gonyaulax ellegaardiae sp. nov. from Izmir Bay, Turkey, and molecular characterization.
Journal of phycology 51: 560-573. DOI: 10.1111/jpy.12304

Mertens KN, Gu H, Gurdebeke PR, Takano Y, Clarke D, Aydin H, Li Z, Pospelova V, Shin HH, Li Z. 2020. A review of
rare, poorly known, and morphologically problematic extant marine organic-walled dinoflagellate cyst taxa of the
orders Gymnodiniales and Peridiniales from the Northern Hemisphere. Marine Micropaleontology 159: 101773. DOI:
10.1016/j.marmicro.2019.101773

Naqggiuddin MA, Nor NM, Alim A, Ghani IA, Omar H, Ismail A. 2014. Comparison between the Diversity and Density of
Marine Dinoflagellates in Northern and Southern zone of Malacca straits. International Journal of Current Microbiology
and Applied Sciences 3 (8): 723-748. https://www.ijcmas.com/Archives-21.php

Nasution AK, Takarina ND, Thoha H. 2021. The presence and abundance of harmful dinoflagellate algae related to water
quality in Jakarta Bay, Indonesia. Biodiversitas Journal of Biological Diversity, \22 (5): 2909-2917: DOI:
10.13057/biodiv/d220556

Nurlina A. 2018. Kejadian luar biasa paralytic shellfish poisoning pada konsumsi kerang hijau terkontaminasi saxitoxin di
Kabupaten Cirebon, Indonesia, Desember 2016. Prosiding Seminar Nasional dan Penelitian Kesehatan 2018.

Oshima Y, Bolch CJ, Hallegraeff GM. 1992. Toxin composition of resting cysts of Alexandrium tamarense (Dinophyceae).
Toxicon 30: 1539-1544. DOI: 10.1016/0041-0101(92)90025-Z

Park J, Jeong HJ, Du Yoo Y, Yoon EY. 2013. Mixotrophic dinoflagellate red tides in Korean waters: distribution and
ecophysiology. Harmful Algae 30: S28-S40. DOI: 10.1016/j.hal.2013.10.004

Pawitan H, Aldrian E, Nugroho SP. 2007. Carbon, Nutrient and Sediment Fluxes of the Java Major Rivers. Journal of
Hydrologic Environment 3.(1): 9-20|

Commented [A35]: Italicise the scientific name here

Formatted: Font: Italic

Formatted: Font: Italic

_[Formatted: Font: Italic

Commented [A36]: Author name is missing

Commented [A37]: Include pages here

Piranti AS, Wibowo DN, Rahayu DR. 2021. Nutrient determinant factor of causing algal bloom in tropical lake (Case study
in Telaga Menjer Wonosobo Indonesia). Journal of Ecological Engineering 22: 156-165.

Price DC, Bhattacharya D. 2017. Robust Dinoflagellata phylogeny inferred from public transcriptome databases. Journal of
Phycology 53: 725-729. DOI: 10.1111/jpy.12529

Rachman A, Intan MD, Thoha H, Sianturi OR, Masseret E. 2021. Distribusi dan Kelimpahan Kista Pyrodinium bahamense
di Perairan Rawan Marak Alga Berbahaya di Indonesia. OLDI (Oseanologi dan Limnologi di Indonesia) 6: 37-53. DOI:
10.14203/01di.2021.v6i1.337

Rachman A, Thoha H, Intan MDB, Sianturi OR, Witasari Y, Wibowo SPA, lwataki M. 2022. Dinoflagellate Cyst
Distribution in Relation to the Sediment Composition and Grain Size in the Coastal Area of Pangkajene, South
Sulawesi, Indonesia. Indonesian Journal of Marine Sciences/llmu Kelautan 27. DOI: 10.14710/ik.ijms.27.2.111-123

Rachman A, Thoha H, Sianturi OR, Bayu MD, Fitriya N, Sidabutar T, Witasari Y, Wibowo SPA, Iwataki M. 2019.
Distribution of Pyrodinium lbahamense cysts in modern sediments of Sukalila water, Cirebon, Indonesia. Philippine

Commented [A38]: Include doi

Commented [A39R38]: The journal not provided DOI

information

Journal of Natural Sciences 24: 104—\115\. DOI:10.14203/01di.2021.v6i1.337

Roberts SD, Van Ruth PD, Wilkinson C, Bastianello SS, Bansemer, MS. 2019. Marine heatwave, harmful algae blooms and
an extensive fish Kkill event during 2013 in South Australia. Frontiers in Marine Science 6: 610. DOI:
10.3389/fmars.2019.00610

Rohman MF, Singgih ML, Ciptomulyono U. 2021. Goal Programming Model for Optimizing The Management of Brackish
Water  Milkfish  Ponds in  Gresik. IPTEK Journal of Proceedings Series: 526-532. DOI:
10.12962/j23546026.y2020i6.11154

Roosmini D, Septiono M, Putri N, Shabrina H, Salami I, Ariesyady H. 2018. River water pollution condition in upper part
of Brantas River and Bengawan Solo River. Pages 012059. IOP Conference Series: Earth and Environmental Science:
10P Publishing. DOI: 10.1088/1755-1315/106/1/012059

Rukminasari N, Tahir A. 2020. Species assemblages and distribution of Dinoflagellate cysts from three estuaries sediment’s
of Makassar Strait, Eastern Indonesia. OnLine Journal of Biological Sciences. DOI: 10.3844/ojbsci.2021.232.244

—. 2021. Pattern and germination rate of dinoflagellate cyst from three river estuaries (Jeneberang, Maros and Pangkep
Estuary) of Makassar Strait. Pages 012010. IOP Conference Series: Earth and Environmental Science: 0P Publishing.
DOI: 10.1088/1755-1315/860/1/012010

Commented [A40]: Italicise the scientific name here

Formatted: Font: Italic

Formatted: Font: Italic

Commented [A41]: Doi?

Formatted: Font color: Text 1

Formatted: Font color: Text 1



https://doi.org/10.1016/0034-6667(83)90006-4
https://doi.org/10.14825/prpsj1951.1984.134_374
https://doi.org/10.1111/jpy.12304
https://doi.org/10.1016/j.marmicro.2019.101773
http://www.ijcmas.com/Archives-21.php
http://www.ijcmas.com/Archives-21.php
http://www.ijcmas.com/Archives-21.php
http://www.ijcmas.com/Archives-21.php
https://doi.org/10.13057/biodiv/d220556
https://doi.org/10.1016/0041-0101(92)90025-Z
https://doi.org/10.1016/j.hal.2013.10.004
https://doi.org/10.1111/jpy.12529
http://dx.doi.org/10.14203/oldi.2021.v6i1.337
https://doi.org/10.14710/ik.ijms.27.2.111-123
http://dx.doi.org/10.14203/oldi.2021.v6i1.337
https://doi.org/10.3389/fmars.2019.00610
http://dx.doi.org/10.12962/j23546026.y2020i6.11154

Sakamoto S, Lim WA, Lu D, Dai X, Orlova T, Iwataki M. 2021. Harmful algal blooms and associated fisheries damage in
East Asia: Current status and trends in China, Japan, Korea and Russia. Harmful Algae 102: 101787. DOI:
10.1016/j.hal.2020.101787

Sanseverino |, Conduto D, Pozzoli L, Dobricic S, Lettieri T. 2016. Algal bloom and its economic impact. European
Commission, Joint Research Centre Institute for Environment and Sustainability. 52 p. https://ec.europa.eu/jrc

Senanayake P, Kumburegama S, Wijesundara C, Yatigammana S. 2021. What drives the dominance and distribution of
Cyanobacteria and Dinoflagellata in reservoirs of Sri Lanka? Sri Lanka Journal of Aquatic Sciences 26. DOI:
10.4038/sljas.v26i1.7585

Siregar LL, Hutabarat S, Muskananfola MR. 2014. Distribusi fitoplankton berdasarkan waktu dan kedalaman yang berbeda
di Perairan Pulau Menjangan Kecil Karimunjawa. Management of Aquatic Resources Journal (MAQUARES) 3 (4): 9-

14. DOL: 10.14710/mar.V3i4.7026
Srivilai D, Lirdwitayaprasit T, Fukuyo Y. 2012. Distribution of dinoflagellate cysts in the surface sediment of the coastal
areas in Chonburi Province, Thailand. Coastal marine science 35: 11—19\

Formatted: Font: Times New Roman, 10 pt

Thoha H, Bayu Intan MD, Rachman A, Sianturi OR, Sidabutar T, Iwataki M, Takahashi K, Avarre J-C, Masseret E. 2019.
Resting cyst distribution and molecular identification of the harmful dinoflagellate Margalefidinium polykrikoides
(Gymnodiniales, Dinophyceae) in Lampung Bay, Sumatra, Indonesia. Frontiers in Microbiology 10: 306. DOI:
10.3389/fmich.2019.0030

Tian C, Doblin MA, Dafforn KA, Johnston EL, Pei H, Hu W. 2018. Dinoflagellate cyst abundance is positively correlated
to sediment organic carbon in Sydney Harbour and Botany Bay, NSW, Australia. Environmental Science and Pollution
Research 25: 5808-5821. DOI: 10.1007/s11356-017-0886-1

Trevino-Garrison |, DeMent J, Ahmed FS, Haines-Lieber P, Langer T, Ménager H, Neff J, Van der Merwe D, Carney E.
2015. Human illnesses and animal deaths associated with freshwater harmful algal blooms—Kansas. Toxins 7: 353-
366. DOI: 10.3390/toxins7020353

Wijaya NI, Elfiansyah M. 2022. The influence of nitrate and phosphate concentration on the abundance of plankton at the
estuary of Bengawan Solo, Gresik, East Java. Aquaculture, Aquarium, Conservation & Legislation 15 _(1): 83{93;
http://www.bioflux.com.ro/home/volume-15-1-2022/

Ajani P, Brett S, Krogh M, Scanes P, Webster G, Armand L. 2013. The risk of harmful algal blooms (HABs) in the oyster-

o Ll A ag-a ©

Commented [A42]: doi

Commented [A43R42]: The journal not provided DOI
information

Commented [A44]: doi

Commented [A45R44]: AACL did not provide DOI.
Here We just put the article link



https://doi.org/10.1016/j.hal.2020.101787
https://doi.org/10.14710/marj.v3i4.7026
https://doi.org/10.3389/fmicb.2019.00306
https://doi.org/10.3390/toxins7020353
http://www.bioflux.com.ro/home/volume-15-1-2022/







