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Seawaters in Indonesia, part of the tropical marine ecosystem, have great microbial and plankton 
diversity. Seawater is used as a water source for marine aquacultures, such as shrimp, milkfish, lob-
ster, and mud crab. Sustainability of environmental resources for supporting aquaculture activities 
can be assessed by analyzing the actual conditions of the water source environment, including bacte-
rial and plankton communities. However, the characteristics of bacteria and plankton communities in 
Indonesian seawaters have not been well documented. In this study, we investigated the bacterial and 
plankton communities in surface seawater from two coastal areas, i.e. Nampu and Sembukan, Wono-
giri regency, Central Java, Indonesia. Bacterial diversity was analyzed using the Illumina-based high 
throughput sequencing with a primer set targeting the V3-V4 region of the bacterial 16S rRNA gene. 
Meanwhile, the plankton community (phytoplankton and zooplankton) was calculated and identi-
fied using a counting chamber method. Sequencing analysis revealed that the five dominant bacterial 
phyla in the two seawater samples were similar, consisting of Proteobacteria, Firmicutes, Actinobacte-
ria, Bacteriodetes, and Cyanobacteria. Although the two sites are separated by several kilometres, the 
distribution of dominant bacterial phyla in both seawater samples is similar. Phytoplankton in 
Nampu and Sembukan were similarly dominated by Trichodesmium sp., Navicula sp., and Rhabdonema 
sp. Dominant zooplankton in the two sites were Euterpina, Nauplius, Oithona sp., Oncaea sp., Tigriopus 
sp., and Gastropoda larvae. The seawater in Nampu and Sembukan is suitable as a water source for 
aquaculture.

Keywords: bacterial diversity, microbiome, plankton, marine water, tropical seawater

Hastuti, Y. P., Fatma, Y. S., Pitoyo, H., Wardiatno, Y. & Tridesianti, S.: Bakterijske i planktonske 
zajednice u marikulturi: studija slučaja u moru područja Nampu i Sembukan, Wonogiri, Indon-
ezija. Nat. Croat. Vol. 30, No. 2, 351–366, 2021, Zagreb.

Morske vode Indonezije dio su tropskog morskog ekosustava i karakterizira ih velika raznolikost 
mikroorganizama i planktona. Morska voda koristi se za potrebe marikulture, npr. pri uzgoju kozica, 

* 
corresponding author; e-mail: yuniha@apps.ipb.ac.id 

 NAT. CROAT. VOL. 30 No 2 351–366 ZAGREB December 31, 2021



352 Hastuti, Y. P. et al.: Bacterial and plankton communities in mariculture water sources

mliječne ribe, hlapova te mangrovskog raka. Održivost okolišnih izvora koji se koriste u marikulturi 
može biti procijenjena analiziranjem stvarnih uvjeta u morskom okolišu, uključujući bakterijske i 
planktonske zajednice. No karakteristike tih zajednica u indonezijskim vodama nisu dobro doku-
mentirane. U ovom radu istražujemo bakterijske i planktonske zajednice u površinskim vodama 
dvaju obalnih područja, Nampu i Sembukan, uprava Wonogiri, središnja Java, Indonezija. Razno-
likost bakterija analizirana je pomoću brzog Illumina sekvencioniranja s primerom za regiju V3-V4 
bakterijske sekvence gena 16S rRNA. Osim toga, određena je i izračunata planktonska zajednica 
(fitoplankton i zooplankton) koristeći metodu komorice za brojanje. Sekvencirajuća analiza pokazala 
je da je pet dominantnih bakterijskih koljena u dva uzorka morske vode bilo zajedničko, a to su Prote-
obacteria, Firmicutes, Actinobacteria, Bacteriodetes i Cyanobacteria. Iako su dva uzorkovana pod-
ručja udaljena nekoliko kilometara, rasprostranjenost dominirajućih bakterijskih koljena u oba uzorka 
bila je slična. U fitoplanktonu područja Nampu i Sembukan dominirali su Trichodesmium sp., Navicula 
sp. i Rhabdonema sp. Dominantni zooplankton u oba područja sastojao se od rodova Euterpina, 
Nauplius, Oithona sp., Oncaea sp., Tigriopus sp. i ličinki Gastropoda. Morska voda područja Nampu i 
Sembukan prikladna je kao izvor vode za akvakulturu.

Ključne riječi: raznolikost bakterija, mikrobiom, plankton, morska voda, tropska mora

INTRODUCTION

Water sources play a pivotal role in aquaculture sustainability and waste produc-
tion. The characteristics of seawater in the natural environment can be used as a refer-
ence for water source utilization for aquaculture. Seawater quality is related to the 
suitability of environmental parameters, such as physical, chemical, and biological 
characteristics. The biological parameter is one of the important environmental 
parameters for the dynamics of chemical parameters and biological parameters itself. 
Microbial diversity in the water environment, a part of the biological parameters, 
could affect the diversity and abundance of other biological parameters, including 
plankton (phytoplankton and zooplankton). Fenchel & Finlay (2004) reported that 
the diversity and dominance of microbes in the water environment could affect the 
diversity and dominance of plankton inhabiting the area. This phenomenon is related 
to the production level and the physicochemical dynamics of water influenced by the 
microbial population and activity. In addition, microbes could be used as a bioindica-
tor of phytoplankton (Oktaviany et al., 2018). Phytoplankton has been widely used as 
a bioindicator of water quality and productivity and can contribute to the fertility 
level of the water environment (Odum, 1993). Phytoplankton requires a variety of 
nutrients in the water environment for photosynthesis. One of the essential nutrients 
needed for photosynthesis is nitrogen. Nitrogen in the water environment is availa-
ble in the form of inorganic nitrogen produced by microbial activity, such as bacteria. 
Characterizing and identifying the microbes involved in nitrogen cycling, such as 
nitrifying and denitrifying bacteria, are essential to maintain aquaculture environ-
ment stability (hastuti et al., 2019). The actual conditions of microbes, both their 
activity and diversity, in the water environment, could have an influence on aquacul-
ture production (hastuti et al., 2018). In general, the diversity of microbes and phyto-
plankton can be used as bioindicators of water quality in aquaculture environments 
(careghinO et al., 2014).

Indonesian seawater area, which is 70% wider than the land area, has excellent 
development opportunities in the aquaculture sector. Seawater in Indonesia is fre-
quently used as a water source for aquaculture activities, such as the farming of 
grouper, shrimp, lobster, crab, sea cucumber, milkfish and other various marine 
aquatic biota. For aquaculture activities, one of the essential requirements is good 
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water quality (including chemical, physical, and biological parameters), which can be 
used as a reference for subsequent water quality management during the cultivation 
period (hastuti et al., 2021). Up to now, there has been little information related to 
the biological characteristics in Indonesian seawater ecosystems, including bacterial 
and plankton communities. Not all bacterial and plankton groups are beneficial for a 
healthy ecosystem in aquaculture ponds. Several microbial and plankton groups are 
toxic to the aquaculture environment and have an impact on aquaculture sustainabil-
ity. Hence, bacterial and plankton communities in seawater environments need to be 
investigated to support sustainable aquaculture.

Wonogiri is one of the regencies in Central Java Province, Indonesia which harbors 
two coastal areas named Nampu and Sembukan. Seawater environment in Nampu 
and Sembukan is part of the Indian ocean with base characteristics of coral and sand. 
Since 2004, some studies in Nampu and Sembukan have observed that these areas are 
coral-based seas inhabited by lobsters with high economic value (Zaenuddin & Putri, 
2017; Beni et al., 2020). Nampu and Sembukan seawater environments have coral and 
sand bases that allow better growth of crustaceans than in other locations. However, 
the characteristics of the bacterial and plankton communities in Nampu and Sembu-
kan seawater have not been reported. This present study aimed to identify the diver-
sity and abundance of bacteria and plankton as biological parameters in Nampu and 
Sembukan seawater environment. These data would be used as a baseline for the 
utilization of Nampu and Sembukan seawater as the water source for various aqua-
culture activities.

MATERIALS AND METHODS

Study area

Seawater samples were collected on December 2018 in two coastal areas that are 
more than 10 km apart, i.e., Nampu (Latitude: 8°12‘38.17”S, Longitude: 
110°54‘10.44”E) and Sembukan (Latitude: 8°12‘17.39”S, Longitude: 110°50‘38.88”E), 
Wonogiri regency, Central Java, the southern coast of Java, Indonesia (Fig. 1). We 
collected seawater from the euphotic zone, which is sea surface area at a depth of less 
than 1–5 m, at each sampling site.

Samples collection

At each sampling site, we sampled 25 L of marine water in four replicates, then we 
mixed those water samples to obtain a composite sample. We took 200 mL of this 
water composite sample using a sterile bottle for bacterial diversity analysis. Seawa-
ter samples collected from Nampu and Sembukan were marked as W.NP and W.SB, 
respectively.

Extraction of genomic DNA from marine water samples

Marine water samples from both sites (200 mL per site) were separately filtered 
through a 0.22 µm-pore-sized polycarbonate membrane filter (Millipore, Bedford, 
MA, USA) to capture microbial cells. Whole microbial genomic DNA from marine 
water samples was extracted using the PowerWater DNA Isolation Kit (MoBio Labo-
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ratories, Carlsbad, CA, USA) according to the manufacturer’s manual. DNA concen-
tration and purity were assessed by Nanodrop 2000c (NanoDrop Technologies, 
Wilmington, DE, USA) and electrophoresis on a 2% agarose gel.

PCR amplification of bacterial 16S rRNA gene and sequencing

A universal primer set, 341F (5’-CCTAYGGGRBGCASCAG-3’) and 806R 
(5’-GGACTACNNGGGTATCTAAT-3’) added with the Illumina barcodes, was used 
to amplify the V3-V4 hypervariable region of the bacterial 16S rRNA gene (muyZer et 
al., 1993; caPOrasO et al., 2011). For each sample, PCR reactions were performed using 
Phusion® High-Fidelity PCR Master Mix (New England Biolabs, Ipswich, MA, USA). 
The PCR reaction mixture consisted of 12.5 µL of Phusion 2x Master Mix, 1.25 L of 
each 10 µM forward and reverse primers, ~5 µL of the template DNA, 0.75 µL of 
dimethyl sulfoxide (DMSO), and nuclease-free water up to 25 µL. PCR products were 
visualized using electrophoresis on 2% agarose gel. DNA bands between 400–450 bp 
were chosen for the subsequent step. PCR products were purified using the Qiagen 
Gel Extraction Kit (Qiagen, Inc., Valencia, CA, USA). Purified PCR products were 
used for the library generations performed using NEBNext® UltraTM DNA Library 
Prep Kit (NEB, Ipswich, MA, USA) for the Illumina platform. The libraries were 
quantified using Qubit and qPCR, then analyzed by Illumina HiSeq 2500 PE250/Ion 
S5 XL platform (Illumina, Inc., San Diego, CA, USA).

Data processing

Paired-end reads were assigned according to their unique barcode. The barcode 
and primer sequences were truncated from the paired-end reads, then merged using 

Fig. 1. Sampling sites at Nampu and Sem-
bukan beaches on the southern coast of 
Java, Wonogiri regency, Central Java, In  -
do  nesia
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FLASH v1.2.7 to generate raw tags (Magoč & Salzberg, 2011). The raw tags’ quality 
was filtered to obtain high-quality clean tags (BOkulich et al., 2013). This step was 
conducted using the QIIME v1.7.0 under a specific quality-controlled process (caPO-
rasO et al., 2010). Obtained high-quality reads were compared with the Gold database 
to detect chimera sequences using the UCHIME algorithm (haas et al., 2011; edgar et 
al., 2011). The chimera was removed, and then effective tags were finally generated. 
Clustering all the effective tags into the operational taxonomic units (OTUs) at ≥97% 
sequence similarity was performed by UPARSE v7.0.1001 (edgar, 2013). The sequence 
frequently existing in each OTU was used as a representative sequence for subse-
quent analysis. Species annotation at each taxonomic level was performed for each 
representative sequence at the threshold of 0.8–1 using Mothur software based on the 
SILVA database (Wang et al., 2007; Quast, 2013). The phylogenetic relationship of all 
representative sequences was assessed by using the MUSCLE program (edgar, 2004). 
OTU abundance information was normalized according to the sample with the least 
sequence number, then used for alpha diversity analysis. Alpha diversity describes 
the complexity of bacterial diversity in each sample. Analysis of alpha diversity was 
carried out using QIIME v1.7.0 and displayed with R software v2.15.3 through 6 
indices, such as observed species, Shannon index, Simpson index, Chao1, ACE, and 
Good’s coverage. Chao1 and ACE, the non-parametric estimators, were used to esti-
mate the species richness and indicate the possible total number of bacterial species 
in a sample (chaO et al., 1993; chaO, 1984). Non-parametric richness estimator Chao1 
is a statistical estimation of the true species richness community, which includes 
unobserved species (chaO, 1984). Good’s coverage for the 3% dissimilarity level was 
generated with the equation: 1-n/N, in which n and N represent the number of sin-
gletons in the OTUs and the total number of the reads, respectively (gOOd, 1953). The 
Venn diagram was used in show the OTUs to the samples and specific OTUs in each 
sample.

Plankton abundance and identification

Plankton was captured by filtering 25 L of marine water samples using a 30 
µm-pore-sized plankton net, then 0.5% Lugol’s iodine was added. Plankton was cal-
culated and identified using the Sedgewick-Rafter counting method under a light 
microscope with 10x10 magnification. Plankton quantitative analysis was calculated 
using the Shannon-Wiener formula. Then, we identified phytoplankton and zoo-
plankton according to FukuyO & BOrja (1991) and Odum (1993).

RESULTS

Bacterial diversity in Nampu and Sembukan seawater

On average, 99,198 sequences read were obtained per sample. Alpha diversity 
measurement of W.NP and W.SB sample is shown in Tab. 1. In each sample, Chao1 
and ACE value showed a difference between observed and expected OTU richness. It 
suggests that a great bacterial diversity was undiscovered in both samples, and more 
OTUs may exist. The Shannon and Simpson diversity indices revealed that W.NP 
had a higher bacterial diversity than W.SB. This result was supported by the number 
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of observed species, in which W.NP had more diverse bacteria than that of W.SB. 
Good’s coverage values for W.NP and W.SB were 0.997 and 0.998, respectively. This 
value implies that the samples investigated in this study were adequate to evaluate 
the bacterial community in each seawater sample. Rarefaction curve represents a 
common technique for examining whether the achieved species richness for a 
sequencing experiment is suitable for subsequent analysis or higher sequencing 
depth is needed to achieve more expected species richness. The rarefaction curves 
were constructed by plotting the number of OTUs as a function of the number of 
sequences and determining a saturation point. The rarefaction curve in this study 
confirms that the obtained sequence coverage of each sample is high enough to per-
form each possible diversity analysis (Fig. 2). A Venn diagram revealed that W.NP 
and W.SB contained 754 and 370 OTUs, respectively, which were specific to the given 
sample, and had 1,178 OTUs in common (Fig. 3).

Tab. 1. The summary of alpha diversity for marine water from Nampu (W.NP) and Sembukan (W.SB)

Sample 
name OTUs number Shannon Simpson Chao1 ACE Good’s 

coverage

W.NP 1,932 6.725 0.923 2,032.80 2,040.84 0.997
W.SB 1,548 7.360 0.959 1,568.64 1,602.13 0.998

Fig. 2. The rarefaction curves of marine water from Nampu (W.NP) and Sembukan (W.SB) con-
structed by counting the number of OTUs along with increasing in the number of sequence reads.
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Phylogenetic composition of bacteria

In this study, we found five dominant bacterial phyla with more than 1% in rela-
tive abundance that existed across all seawater samples, including Proteobacteria, 
Firmicutes, Actinobacteria, Bacteriodetes, and Cyanobacteria. Proteobacteria was the 
most dominant phylum in W.NP and W.SB, accounting for 59.8% and 69.8% of the 
total sequences, respectively (Fig. 4a). Proteobacteria consisted of Gammaproteobac-
teria (W.NP: 45.0% vs. W.SB: 43.0%), Alphaproteobacteria (W.NP: 7.9% vs. W.SB: 
2.1%), Betaproteobacteria (W.NP: 6.0% vs. W.SB: 2.8%), Deltaproteobacteria (W.NP: 
0.5% vs. W.SB: 0.8%), and Epsilonproteobacteria (W.NP: 0.2% vs. W.SB: 0.1%). The 
result showed slight discrepancies in the bacterial composition of the other phyla 
between these two samples. In W.NP, Firmicutes (20.3%), Actinobacteria (6.24%), 
Bacteriodetes (5.94%) and Cyanobacteria (3.95%) dominated the bacterial commu-
nity. Meanwhile, W.SB was dominated by Actinobacteria (12.32%), followed by Fir-
micutes (5.78%), Bacteriodetes (5.1%) and Cyanobacteria (2.3%). Other bacterial phyla 
were present with a lower proportion (0.1–1%) in W.NP and W.SB, such as Teneri-
cutes (W.NP: 0.8% vs. W.SB: 0.7%), Chloroflexi (W.NP: 0.2% vs. W.SB: 0.7%), Acido-
bacteria (W.NP: 0.7% vs. W.SB: 0.7%), Fusobacteria (W.NP: 0.7% vs. W.SB: 0.1%), and 
Verrucomicrobia (W.NP: 0.1% vs. W.SB: 0.3%). In general, both seawater samples had 
relatively similar composition of dominant bacterial phyla.

We also observed the bacterial sequence reads to family and genus level (Fig. 4b, 
4c). Different distribution of bacterial communities in the family and genus level was 
found in W.NP and W.SB seawater. In W.NP, we observed dominant families, in 
decreasing order of abundance, as follows: Xanthomonadaceae (26.8%), Enterobacte-
riaceae (10.0%), Ruminococcaceae (5.7%), Streptococcaceae (4.9%), and Lachnospir-
aceae (4.1%). Meanwhile, W.SB was dominated by Solimonadaceae (18.6%), followed 
by Rhodobacteraceae (5.3%), Alcanivoracaceae (4.6%), Erythrobacteraceae (4.0%), 
and Enterobacteriaceae (3.6%). By contrast, we found only a small share of Xantho-
monadaceae (1.3%), which was a common family in W.NP, in the W.SB sample (Fig. 
4b). At the genus level, the bacterial community in W.NP seawater was dominated by 
Stenotrophomonas (26.3%), Escherichia-Shigella (4.3%), Faecalibacterium (3.4%), 
Delftia (2.9%), and Streptococcus (2.6%). On the other hand, W.SB was dominated by 
Alcanivorax (4.5%), followed by Erythrobacter (3.8%), Nautella (2.4%), Escheri-
chia-Shigella (1.9%), and Stenotrophomonas (0.9%) (Fig. 4c).

Fig. 3. Venn diagram of bacterial diversity of marine water sample from Nampu (W.NP) and Sembu-
kan (W.SB).
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Fig. 4. Bacterial community composition of marine water samples from Nampu (W.NP) and Sembu-
kan (W.SP) corresponds to the dominantly appearing bacterial taxa on phylum (a), family (b), and 
genus (c) level of taxonomy. Only the top ten dominant taxa were selected.

Plankton community in Nampu and Sembukan seawater

We observed the abundance and diversity of phytoplankton and zooplankton in 
Nampu and Sembukan seawater. The result showed that the abundances of phyto-
plankton in W.NP and W.SB were slightly different. Phytoplankton in W.SB is more 
numerous than in W.NP (Tab. 2). The Shannon-Wiener diversity analysis showed 
that the number of taxa, abundance, diversity, and similarity of phytoplankton in 
W.NP were similar to those in W.SB (Fig. 5). Dominant phytoplankton groups con-
sisted of Trichodesmium sp., Navicula sp., and Rhabdonema sp. (Tab. 2).

The diversity and abundance of zooplankton in Nampu and Sembukan seawater 
were more different. Zooplankton community in W.NP and W.SB were dominated 
by Euterpina sp., Nauplius, Oithona sp., Oncaea sp., Tigriopus sp., and Gastropoda lar-
vae (Tab. 3). The number of taxa and abundance of zooplankton in W.NP were higher 
than in W.SB, while diversity and similarity of zooplankton in W.NP were lower than 
that in W.SB. Dominance index of zooplankton in both sampling sites have similar 
values, reaching 0 (Fig. 6).

(a)

(b)

(c)
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Tab. 2. Abundance of phytoplankton in the marine water environment of Nampu (W.NP) and Sem-
bukan (W.SB)

Family Species W.NP W.SB

Cyanophyceae

Trichodesmium sp.  2,087,072  2,749,623 
Asterionella sp.  –  29,159 

Bacillaria sp.  –  8,696 
Biddulphia sp.  29,217  27,072 

Campylodiscus sp.  –  580 
Cocconeis sp.  696  754 

Coscinodiscus sp.  6,145  4,928 

Bacillariophyceae

Cymbella sp.  696  – 
Eunotia sp.  1,275  580 

Fragilaria sp.  696  1,507 
Grammatophora sp.  7,652  – 

Licmophora sp.  10,087  8,116 
Melosira sp.  696  – 
Navicula sp.  105,739  121,217 
Nitzschia sp  5,333  1,913 

Pleurosigma sp.  696  1,507 
Rhabdonema sp.  145,159  182,783 
Rhizosolenia sp.  2,667  1,159 

Synedra sp.  –  754 
Triceratium sp.  4,870  28,464 

Dinophyceae Pyrocystis sp.  –  – 

Fig. 5. The number of taxa, abundance, diversity, similarity, and dominancy of phytoplankton existed 
in marine water environment of Nampu and Sembukan
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DISCUSSION

We investigated the bacterial and plankton community composition of two seawa-
ter samples, collected from Nampu and Sembukan. Nampu and Sembukan are more 
than 10 km apart and located in the same regency, i.e., Wonogiri regency, Central 
Java. The results showed that these two sites seemed to be similar in the diversity and 
composition of the dominant bacterial phyla (Tab. 1, Fig. 4). This might be caused by 
the similar marine environment properties in the two sites. These two locations were 
considered to have the same water mass and physicochemical properties. Our find-
ing agrees with other metagenomic studies of marine bacteria, in which microbial 
composition could be relatively consistent in similar marine environments separated 
by long distances (inagaki et al., 2006; agOgué et al., 2011; Walsh et al., 2015). Seawater 
samples taken apart horizontally at a distance of hundreds to thousands of kilome-

Tab. 3. Abundance of phytoplankton in the marine water environment of Nampu (W.NP) and Sem-
bukan (W.SB)

Group Species W.NP W.SB

Protozoa
Favella sp.  –  1,043 

Globorotalia sp.  1,913  696 

Tretomphalus sp.

Conchoecia sp.  377 0
Euterpina sp.  18,783 16,870

Microsetella sp.  – 0
Nauplius (stadia)  8,812 9,217

Oithona sp.  1,710 1,043
Oncaea sp.  4,145 0

Paracalanus sp.  – 2,435
Tigriopus sp.  4,464 3,130

Nematoda Worm (sp1)  580 0
Larva Gastropoda (sp1)  2,464 0

Fig. 6. The number of taxa, abundance, diversity, and similarity of zooplankton in marine water 
environment of Nampu and Sembukan
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ters within a single water mass had a similar bacterial community composition to 
each other, yet they vertically differed with water depth (agOgué et al., 2011; Walsh et 
al., 2015). On the other hand, adjacent marine water masses with different environ-
mental conditions have distinct microbial communities (agOgué et al., 2011; hamdan 
et al., 2013). Previous investigations reported that microbial community composition 
varies from one marine environment to another (delOng et al., 2006; Zinger et al., 
2011; hamdan et al., 2013).

The microbial community regulates many processes in the ecosystems, including 
nutrient transformation and organic matter decomposition. Bacteria affiliated to dis-
tinct groups can exhibit different degrees of activity in a given ecosystem. Detection 
of the dominant bacterial group may be crucial to understanding their function in the 
biogeochemical cycle (aZam & WOrden, 2004; martiny et al., 2006). cOttrell & kirch-
man (2000) reported that major phylogenetic bacterial groups utilize different dis-
solved organic matter (DOM), yet it often does not correlate with their relative abun-
dance in the estuarian and coastal environment. In this study, analysis of the affilia-
tion of OTUs showed that Gammaproteobacteria was a prevalent member in both 
seawater samples (W.NP=45.0% vs. W.SB=43.0%). Alphaproteobacteria and Betapro-
teobaceria were present in lower proportions (Fig. 4A). Our result is in line with pre-
vious investigations that revealed that Gammaproteobacteria and Alphaproteobacte-
ria were the common members of sea surface microbiota in the North Pacific Sub-
tropical Gyre (delOng et al., 2006) and the Red Sea (Qian et al., 2011). 
Alphaproteobacteria, Bacterioidetes, and Gammaproteobacteria were the most domi-
nant phyla in Arctic surface water, and Firmicutes exist on average 5% in Pacific and 
Atlantic water (hamdan et al., 2013). Alphaproteobacteria, Flavobacteria, and Cyano-
bacteria dominated pelagic marine microbiota. Higher proportions of Flavobacteria 
and lower proportions of Alphaproteobacteria and Cyanobacteria were detected in 
coastal marine than in open ocean surface water, yet bacterial communities in these 
two sites related to each other. Generally, Gammaproteobacteria dominated in 
pelagic and benthic seawater (Zinger et al., 2011).

Proteobacteria has the largest and phenotypically most diverse phylogenetic line-
age. Gammaproteobacteria is the largest group, consisting of the photosynthetic pur-
ple sulfur bacteria (kersters et al., 2006). This group might play an essential role in 
the photosynthetic process in both marine environments in this study. Gammaprote-
obacteria is a gram-negative bacterial group dominated by Alkalimonas, Litorivivens, 
Pseudomonas, and Marinicella (William et al., 2010). Alphaproteobacteria usually dom-
inate in amino acid consumption. However, no phylogenetic group dominates all 
DOM consumption. It suggests that diverse groups’ contributions are essential for 
the complete degradation of complex DOM in the oceans (cOttrell & kirchman, 
2000).

In this study, we found Cyanobacteria to be one of the most abundant phyla with a 
lower proportion than Proteobacteria (Fig. 4A). In contrast to this study, Qian et al. 
(2011) reported that Cyanobacteria dominated the bacterial community in the upper 
water column, whereas Proteobacteria had a large proportion in the deeper water 
column. Cyanobacteria is capable of photosynthesis and nitrogen fixation in the pres-
ence of light and oxygen, causing the dominance of performing this group in the 
euphotic zone (20 and 50 m). Cyanobacteria were more abundant in open ocean sur-
face waters than in coastal waters (Zinger et al., 2011). delOng et al., (2006) reported 
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that the photic zone (10, 70, and 130 m depth) contained the DNA sequences associ-
ated with photosynthesis, chlorophyll and porphyrin metabolism, the metabolism of 
amino sugars, purine propanoate and vitamin B6, and type III secretion systems. The 
high abundance of Cyanobacteria in the environment can affect the concentration of 
inorganic nitrogen because of its nitrogen fixation and photosynthesis ability.

We took surface seawater samples in two coastal areas which are 1 km apart from 
the land. Coastal water shares a higher proportion of OTU with benthic communities. 
The differences in microbial communities in coastal water might be resulted from 
benthic taxa that were resuspended in the water column through upwelling current 
and storms, the influence of land which provides higher freshwater, nutrient and 
organic matter, and sediment (Zinger et al., 2011). Our results showed a high propor-
tion of Stenotrophomonas (Xanthobacteriaceae, Gammaproteobacteria), Escherichia- 
Shigella (Enterobacteriaceae, Gammaproteobacteria), Faecalibacterium (Clostridia, 
Firmicutes), Delftia (Commonadaceae, Betaproteobacteria), and Streptococcus (Strep-
tococcaceae, Firmicutes) in W.NP (Fig. 3C). Meanwhile, the W.SB microbiota was 
dominated by Alcanivorax (Alcanivoracacceae, Gammaproteobacteria), followed by 
Erythrobacter (Erytrobacteraceae, Alphaproteobacteria), Nautella (Rhodobacteraceae, 
Alphaproteobacteria), Escherichia-Shigella (Enterobacteriaceae, Gammaproteobacte-
ria), and Stenotrophomonas (Streptococcaceae, Firmicutes) (Fig. 4C). This result is in 
line with a previous report, which observed Firmicutes (Bacilli and Clostridia) in a 
higher proportion in coastal sediment (Zinger et al., 2011). Bacilli and Clostridia have 
been previously reported as indicators of human fecal contaminations in watersheds 
(Wu et al., 2010), as are Escherichia-Shigella (Enterobacteria) and other common taxa 
in soils (janssen, 2006). The existence of these taxa in coastal water observed in our 
study might be from the terrestrial environment. As suggested by Zinger et al. (2011), 
these groups are almost absent in marine ecosystems and they might not be adapted 
to aquatic conditions and the presence of dissolved oxygen, where many members of 
these clades are anaerobes. Coastal ecosystems are subjected to increasing pollution 
and habitat loss (halPern et al., 2008). Slight differences in bacterial and plankton 
communities between those two areas in this study were presumably influenced by 
household and industry pollution. Moreover, our seawater sample might be affected 
by terrestrial run-off and nutrient-rich up-welling zones, as reported in a previous 
report by d’hOndt et al. (2009).

Microbial community structure in the marine water can be influenced by physical 
parameters, including temperature and salinity, resource availability, and selective 
loss factors (grazing and viral lysis). Potential oceanographic barriers, such as tem-
perature, salinity, and density, separate the water masses and their bacterial commu-
nities. Spatial distribution of the bacterial richness and evenness might occur accord-
ing to water masses, where bacterial assemblages are clearly clustered according to 
the distinct water masses. Specific environmental properties, including water mass 
identity and latitude, dissolved organic carbon (DOC), O2, and apparent oxygen utili-
zation (AOU), determine the bacterial community composition in the North Atlantic 
(agOgué et al., 2011). Water mass also plays an important role in the microbial distri-
bution in the Arctic Ocean (galand et al., 2009). The salinity and density were the 
principal structuring elements on the bacterial community in the pelagic zone, yet 
distance was not an essential structuring element (hamdan et al., 2013).

We collected seawater samples from the photic zone in coastal areas. In the photic 
zone, species distribution in the water column was influenced by the gradient of light 
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quality and intensity, temperature, macronutrient, and trace metal concentration 
(hOchachka et al., 1984). High density and diversity of microbiota in the upper zone 
is caused by higher DO, temperature, fluorescence intensity, and moderate salinity, 
in contrast to the lower zone, which has greater salinity and lower light intensity 
(Qian et al., 2011). It differs from the greater depths, which are influenced by light 
disappearances, low temperature, high hydrostatic pressure, low energy supplies 
(delOng et al., 2006). The abundance of microbial communities in marine environ-
ments differs according to the depth, in which there is vertical distribution influenced 
by environmental factors, such as light intensity, DO, temperature, nutrient concen-
tration, hydrostatic pressure and geochemical factors (Qian et al., 2011). Qian et al. 
(2011) suggested that the samples collected from surface water may be affected by 
frequent changes in various factors, where the levels of diversity and density of 
microbiota at different sampling times and sites may also be different. The problems 
could lead to inaccurate conclusions regarding the microbial composition in these 
environments. Further experiments are needed to understand the microbial commu-
nity structure and its function in marine water.

Microbial diversity in an aquatic environment could affect the diversity and domi-
nance of phytoplankton and zooplankton in the ecosystem. There is a potential inter-
action between primary producers and bacteria that has an impact on the stability, 
physiology, and abundance of both communities. It can affect environmental quality 
and aquaculture sustainability. It could affect chemical parameters and the diversity 
in environment, which could influence the subsequent food chain (amin et al., 2015). 
Seawater in Wonogiri (Nampu and Sembukan) has relatively low phytoplankton 
diversity (Fig. 5). Trichodesmium, a member of the Cyanipiceae groups that have nitro-
gen fixation ability, was found in the two areas. The high ability of nitrogen fixation 
in the aquaculture water source environment can lead to algal bloom and abundance 
of inorganic nitrogen. The high abundance of Trichodesmium in Nampu seawater was 
also accompanied by the high abundance of Stenotrophomonas (Tab. 2). Genus Steno-
trophomonas is one of the endemic bacteria in seawater, which can convert nitrogen 
into free N2 through denitrification. In addition, the high abundance of Trichodesmium 
group was not to be a problem when associated with the high diversity of zooplank-
ton. Based on the characteristics of plankton community, zooplankton groups in the 
two sites had almost the same dynamics and types (Tab. 3; Fig. 6). The zooplankton 
group was more diverse than the phytoplankton group. The zooplankton mostly 
obtained in Nampu and Sembukan waters consists of Euterpina, Nauplius, Oithona sp., 
Oncaea sp., Tigriopus sp., and Gastropoda sp. larvae (Tab. 3).

CONCLUSIONS

The bacterial composition and diversity in Nampu and Sembukan seawaters that 
are more than 10 km apart are similar. The five dominant bacterial phyla in each site 
were similar, and consisted of Proteobacteria, Firmicutes, Actinobacteria, Bacteriode-
tes, and Cyanobacteria. Diversity, abundance, and similarity of phytoplankton in 
Nampu and Sembukan are dominated by Tricodesmium sp., Navicula sp., and Rhab-
donema sp. In aquaculture application, Nampu and Sembukan seawater could be 
used as cultivation water sources due to its relatively high diversity of bacteria and 
plankton. However, it is necessary to do the treatment first because of the dominance 
of Trichodesmium sp. and Cyanobacteria in the water environment. Trichodesmium sp. 
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is a Cyanophyta group with a high ability to photosynthesize and fix nitrogen, which 
causes algal bloom and abundant nitrogen waste if it is not appropriately managed. 
Our study indicates that bacterial and phytoplankton communities are almost similar 
in horizontally identical sites in a distance of thousands of kilometers apart, as these 
two locations are considered to have the same water mass and physicochemical prop-
erties.
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