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Abstract: Port activities such as loading and unloading goods are reported to cause negative impacts 

on the aquatic environment. In this context, aquatic biodiversity is greatly impacted due to routine 

operational activities. This is because ports carry out sustainable management to protect the 

environment (ecoport) by minimizing damage to water biodiversity. Environmental DNA (eDNA) 

metabarcoding is a complementary or alternative method of conventional sampling used to improve 

the detection of elusive and cryptobenthic fish species missed by traditional surveys. Therefore, this 

research aimed to determine the conservation value using environmental DNA metabarcoding 

mapping at Tanjungpura Port, Mempawah, East Kalimantan. Sampling was carried out in the marine 

conservation area of Tanjungpura Port, Mempawah, West Kalimantan. The results showed that 

biodiversity analysis was performed using metabarcoding method through molecular markers 18S 

rRNA and C Oxidase Subunit 1 (COI). The taxonomic annotation of COI gene produced 24 taxa 

groups at the phylum level. The identities of OTUs or DNA seqs (reads) groups could not be 

determined, namely X_Unclassified_Eukaryota and X_Unclassified. The taxonomic annotation of 

OTUs gen 18S using the SILVA release 138 databases led to 54 phyla, including uncultured, 

unclassified, and unassigned groups. The biodiversity of the animal group consisted of the phylum 

Annelida, Arthropoda, Chordata, Cnidaria, Echinodermata, Mollusca, Nemertea, and Porifera. 

Meanwhile, algae/microalgae comprised Bacillariophyta, Chlorophyta, Chrysophyceae, 

Dinophyceae, Haptophyta, Phaeophyta, Rhodophyta, and Schizocladia. This showed the potential 

use of eDNA as an efficient tool for mapping and monitoring biodiversity in Mempawah Port 

environment. 

Keywords: eDNA; metabarcoding; Next Generation Sequencing; Biotechnology 

 

1. Introduction 

Port is a place consisting of land and sea with certain boundaries used for government and 

economic activities. In this context, the existence of port activities such as loading and unloading 

goods can cause negative impacts on the aquatic environment. Aquatic biodiversity is an impact 

greatly influenced due to routine operational activities. Furthermore, port is required to carry out 

sustainable management to protect the environment by minimizing damage to water biodiversity. 

The management is carried out by prioritizing the existence of a sterile lane area without vessels to 

form marine conservation areas (MPAs), which are key to biodiversity conservation [1]. This area has 

an impact on the abundance of fish species from the natural habitat [2], supporting the nursery 

function [3,4]. According to [5], MPAs host different types of fish from the natural habitats. However, 
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the biodiversity of the fish is unknown due to limited design and sampling methods. Conventional 

sampling (visual surveys, scientific fishing) and technology (long-range underwater vehicles, 

acoustic surveys) have inherent biases and environmentally dependent applications. 

According to [6], environmental DNA (eDNA) metabarcoding is a complementary or alternative 

method to conventional sampling. This improves the detection of elusive and rare, and cryptobenthic 

fish species missed by traditional surveys [7]. eDNA is extracted directly from samples [8]. 

Furthermore, eDNA metabarcoding combines the sampling by sequencing high-throughput 

amplicons [9]. eDNA metabarcoding is an efficient method for aquatic ecosystems [10]. The detection 

of eDNA is used to test the effects of port infrastructure on fish biodiversity, which has a level 

equivalent to natural habitats under various human stresses and strands. Metabarcoding is only 

related to a few ports (> 3) in Europe [11,12] while no ports in Indonesia have applied eDNA method 

to detect biodiversity. Based on the description, this research aimed to determine the conservation 

value using environmental DNA metabarcoding mapping at Tanjungpura Port, Mempawah, West 

Kalimantan. 

2. Materials and Methods 

2.1. Environmental DNA (eDNA) Sampling 

This research is centered on the marine conservation area of Tanjungpura Port, Mempawah, 

West Kalimantan. A total of 2 liters water samples were taken from the area determined according to 

the plot on the map (Figure 1). Water sampling did not approach docking vessels (<50 m) to avoid 

the risk of false positive results due to eDNA released from routine operations. Meanwhile, seawater 

1 m below sea level is collected using sterile threaded tubes and filtered with a 0.5 μm filter 

membrane. eDNA is stored in a DNA/RNA shield solution (Zymo research) in a sterile threaded tube, 

labeled, and stored in a coolbox with an ice pack. 

 

Figure 1. Sampling locations in Pelindo Laut (PL) and Pelindo Pesisir (PP) areas for analysis used COI and 18S 

gene markers. 

2.2. eDNA Sample Extraction 
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DNA extraction was performed with ZymoBIOMICS DNA Miniprep Kit (Zymo Research, 2021). 

eDNA sample was inserted into ZR BashingBead™ Lysis Tube, containing beads of 0.1 & 0.5 mm and 

750 μl of BashingBead™ Buffer was added to the tube. The bead beater process for the lysis uses Micro 

smash MS100 (TOMY) for 5 minutes and 5000 rpm. A 2 ml tube was centrifuged at 10,000 x g for 1 

minute. A total of 400 μL of supernatant was transferred to the Zymo-Spin™ III-F Filter in a collection 

tube and centrifuged at 8000 x g for 1 min usingTOMY MX-301. Meanwhile, 1,200 μl of 

ZymoBIOMICS™ DNA Binding Buffer was added to the filtrate collected in the collection tube (bottom 

of the filter). The above 800 μl of the mixture was transferred to Zymo-Spin™ IICR Column with a 

new collection tube and centrifuge at 10,000 x g for 1 min. The supernatant was discarded and the 

process was repeated for the rest of the filtrate. In addition, 400 μl of ZymoBIMIC™ DNA Wash 

Buffer 1 was added to Zymo-Spin™ IICR and centrifuged at 10,000 x g for 1 min to discard the 

supernatant in the collection tube. A total of 700 μl ZymoBIOMICS™ DNA Wash Buffer 2 was also 

added and centrifuged at 10,000 x g for 1 min, discarding the supernatant. The previous stage was 

repeated by adding 200 μl of ZymoBIOMICS™ DNA Wash Buffer 2 and centrifuging at 10,000 x g 

for 1 min, discarding the supernatant. Zymo-Spin™ IICR Column was added to a new 1.5 ml tube 

with 50 μl of DNA Elution Buffer in the middle of the column membrane and centrifuged at 10,000 x 

g for 30 seconds. The Zymo-Spin™ III-HRC Filter was prepared on a new Collection Tube before 

adding 600 μl of Prep Solution, and centrifuging at 8,000 x g for 3 min. The lysified DNA with elution 

buffer was transferred to Zymo-Spin™ III-HRC Filter placed on a new 1.5 ml microtube, and 

centrifuged at 16,000 x g for 3 mins. 

2.3. Determination of eDNA Quality Before NGS-Based Sequencing 

The quality of the extracted eDNA is determined based on the concentration and purity values 

using a special spectrophotometer (Varioskan Lux with μDrop adapter (Thermo Scientific). In 

principle, DNA concentrations are measured based on absorption at wavelengths of 260 nm and 280 

nm. The absorbance results are used to calculate the concentration of DNA. In addition, a ratio of 

260:280 is also used to estimate the purity of DNA. 

2.4. Library Preparation and Sequencing Process 

The samples are subjected to preparation before entering sequencing stage. This process requires 

PCR amplification with primers designed to target the 12S gene and Cytochrome C Oxidase Subunit 

1 (COI), re-assessment of DNA concentrations using a Qubit fluorometer (Thermo Scientific), 

installation of sequencing adapters, and purification of samples using magnetic beads. Typically, this 

procedure is performed using an Illumina sequencing kit (source: 

https://www.illumina.com/techniques/sequencing/ngs-library-prep.html). 

2.5. Sequencing Process 

Sequencing process based on NGS (next-generation sequencing) is carried out through vendor 

sequencing services at PT Geneticsa Science Indonesia. Before sequencing, each sample must pass 

quality control (QC) checks through PCR and electrophoresis by the vendor. NGS is carried out with 

MGI platform and DNBSEQ G-400 sequencing machine after meeting QC. This is targeted to obtain 

sequences from COI mitochondrial gene used as encoding/markers for eukaryotic organisms, such 

as microorganisms, microalgae, phytoplankton, plants (flora), and animals (fauna) (Stoeck et al., 2010; 

Wang et al. 2023). Sequence analysis was carried out in 2 directions (paired-end) with an output length 

of ~200 bp (COI) and ~350-450 bp (18S). The process takes 1.5-2 months and the resulting NGS data 

is sent by PT Geneticsa Science Indonesia through the Cloud Service link service. At this stage, the 

entire process is carried out separately by an external vendor (PT Geneticsa Science). 

2.6. Initial Analysis of NGS Data 
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After NGS process is completed, the vendor conducts initial processing and analysis of the raw 

data (reads merging, filtering, denoising, annotation, and data reporting) before sending the generated 

link through the Cloud Service for download. The link is active for 1 month before being automatically 

deleted from the server. Generally, NGS raw data contains parts that must be cleaned and filtered 

from the main DNA sequence data. These parts include adapters, primers, low-quality sequences, 

undetected bases (N bases), and chimer-indicated sequences. For data processing in advanced 

analysis, the low-quality adapters and sequences are filtered to obtain clean tags/sequences. This 

filtered data is also included by the vendor with the raw data merged or separated. This process is 

carried out using several tools, including FastQC, cutadapt, DADA2, and QIIME2 (Bolyen et al., 

2019). The results of the taxonomic annotation from NGS data were combined with feature tables and 

visualized using R-studio software (R version 4.2.3). 

3. Results 

3.1. eDNA Extraction Results 

Research on biodiversity in marine protected areas uses conventional and technological 

methods, namely visual surveys, scientific fishing, long-distance underwater vehicles, and acoustic 

surveys. However, the method has many obstacles impacting the results without covering the entire 

existing diversity and limited exploration capabilities. The development of a new method using 

eDNA metabarcoding has a great opportunity to obtain the overall biodiversity of the mapped 

conservation area. New methods for implementing conservation area monitoring have resulted in a 

lack of reference sources used as a basis for optimization. 

There were 22 samples used to target COI gene consisting of samples from the Pelindo Coastal 

area (PP; n=10 samples) and Pelindo Laut (PL; n=12 samples) (Table 4). Meanwhile, 10 composite 

samples were used to target 18S gene (MP; n= 5 samples and ML; n= 5 samples). The sample serving 

as a composite has a name code ending in ’k’, which is a merger obtained from adjacent locations and 

expected to represent the biodiversity conditions in the combined area. 

The concentration of DNA in each sample had a value of > 10 ng/μL in coastal and marine areas. 

This shows that DNA concentration has met the minimum standards for NGS analysis in accordance 

with the standard sample reference from sequencing service laboratory. DNA concentrations for COI 

gene markers from PP samples ranged from 10.38-37.7 ng/μL with purity of 1.92-2.18 (Table 1). 

Meanwhile, PL sample had DNA concentration between 11.37-28.43 ng/μL with a purity of 1.87-2.06 

(Table 1). For 18S gene sample, the concentration of MP composite sample ranged from 12.31-24.49 

ng/μL with 1.93-2.06 (Table 1). ML composite sample had a concentration ranging from 14.62-26.90 

ng/μL with a purity of 1.93-2.01 (Table 1). 

Table 1. Concentration and purity of eDNA samples extracted from Pelindo Sisir (PP), and Pelindo Laut (PL) 

areas for metabarcoding analysis based on COI and 18S markers. 

No Area 

COI 18S 

Sample 

code 

Concentra

tion* 

(ng/μL) 

Purity 
Sample 

code 

Concentra

tion* 

(ng/μL) 

Purity 

1 Laut  PL01k 18.79 1.96 ML01k 26.26 1.93 

2  PL02k 11.09 2.13 ML02k 17.92 1.97 

3  PL03k 12.62 2.02 ML03k 26.90 1.97 

4  PL04k 12.14 2.07 ML04k 21.08 1.96 

5  PL05k 16.18 2.05 ML05k 14.62 2.01 
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6  PL06k 26.93 1.93    

7  PL07k 11.66 2.14    

8  PL08 11.02 2.18    

9  PL09 10.89 2,04    

10  PL10 37.70 1.92    

11 Pesisir PP01 30.75 1.94 MP01k 12.31 2.01 

12  PP10k 10.38 2.07 MP02k 15.95 2.06 

13  PP11 27.69 1.93 MP03k 20.68 1.93 

14  PP12 21.05 1.96 MP04k 12.44 2.06 

15  PP02 18.15 1.99 MP05k 24.49 1.96 

16  PP03 16.15 1.96    

17  PP04k 28.03 1.87    

18  PP05k 28.43 1.91    

19  PP06k 11.37 2.06    

20  PP07 21.06 1.94    

21  PP08 12.43 2.03    

22  PP09k 18.16 1.97    

*) The concentration and purity of eDNA were measured with 4 replicate reading. 

3.2. Quality Control of eDNA Samples 

Quality testing of eDNA sample is performed to confirm that the target gene required for 

sequencing stage have been met. This research uses COI and 18S primers for bioinformatics analysis 

with a size of ~300 and ~200 bp, respectively. The thickness of the band visualized in the image shows 

high and low concentrations of target gene from the two primers successfully obtained from PCR 

process. The results of 18S gene electrophoresis at all stations are of the same thickness. The band has 

dust used to describe the purity and specificity of 18S gene. 
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Figure 2. The results of the quality test (QC) through PCR process and electrophoresis for eDNA samples from 

Pelindo Coastal area (white) and Pelindo Laut (yellow) for COI (a) and 18S (b) gene. 

3.3. Bioinformatics Data from eDNA Samples 

From the 22 PP and PL (COI) samples, 2,195,245 raw seqs. were successfully obtained from NGS 

process of COI gene (Figure 4). The raw seqs obtained from each PP sample (n=10) ranged from 99,725 

to 99,930. For each PL sample (n=12), the range of raw seqs obtained is 99,165 - 99,955 seqs. Most of 

NGS data was filtered out through the bioinformatics process to obtain total final seqs of 153,507 and 

176,925 for PP and PL. The length of COI seqs contained in the final data ranges from 146 to 235 bp 

at an average of ~210 bp. 

The final seqs were successfully clustered into 2,342 OTUs with 3 OTUs being detected in PP and 

PL (shared OTUs) areas. Meanwhile, 1,071 and 1,268 OTUs were found in PP and PL areas, 

respectively. The resulting OTUs are annotated based on the MIDORI2 database for COI and 

SILVA138 for 18S to obtain the taxonomic identity. 

Based on 18S gene (n=10 samples), 999,640 raw seqs were generated from NGS process MP and 

ML. MP and ML samples have raw seqs range of 99,911 to 99,999 and 99,973 to 99,997, respectively. 

After going through the filtering, denoising, and chimera removal process, 177,680 and 170,366 final seqs 
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were produced for MP and ML samples, respectively. The length of the final sequence ranges 

between 152 bp and 300 bp with an average of 282 bp, as reported in Figure 4. 

From the final seqs, 3,514 OTUs were produced through the clustering stage. The Venn diagram 

of the distribution in the two regions of MP and ML showed that 1,415 and 1,295 OTUs were detected 

exclusively in ML and MP area, respectively. In the context of COI gene marker, 804 OTUs were 

detected by 18S gene in the two regions of MP and ML. Therefore, 18S gene marker could detect more 

molecular signals or OTUs from eDNA samples than COI gene. 

 

Figure 3. Composition and proportion of seqs DNA from NGS eDNA metabarcoding CO1 gene. The number of 

final seqs DNA passing QC stage is marked in green. Other colors show the proportion of DNA seqs filtered out 

or removed from the analysis (Chimeric, Unmerged, Denoised, and Filtered seqs). 
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Figure 4. The composition and proportion of seqs DNA from NGS eDNA metabarcoding gene 18S with OTUs 

produced and distributed in two sampling regions (ML and MP). 

3.4. Alpha Biodiversity Indexes Based on COI and 18S Gene 

Alpha biodiversity indexes show the level of diversity in taxa composition depending on the 

level in a sample or location. Biodiversity index at OTUs level for NGS samples of COI gene obtained 

from PL and PP regions based on COI gene is presented in Tables 2 and 3. Meanwhile, 18S gene for 

MP and ML regions is presented in Tables 4 and 5. 

In PL (COI) region, the highest and lowest OTUs of 122 and 96 were detected in PL04k and 

PL06k composite samples, respectively. The same is also represented by the diversity index based on 

the Chao1, Shannon, and Simpson indexes (Table 2). In PP (COI) region, the highest and lowest alpha 
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diversity indexes of 124 and 83 were in PP08 and PP04k composite samples, respectively. The same 

pattern was followed on other diversity indexes (Chao1, Shannon, Simpson (Table 3)). 

For ML (18S) region, the highest and lowest numbers of 790 and 730 OTUs were detected in 

ML04k and ML03k composite samples. In MP (18S) region, the the highest and lowest numbers of 

1106 and 449 OTUs were detected in MP04k and MP01k composite samples, respectively. This 

pattern is also shown in other alpha diversity indexes, namely Shannon, Simpson, and InvSimpson. 

Table 2. Alpha biodiversity indexes of NGS data of PL area samples based on COI gene. 

No. Sample Observed (#OTUs) Chao1 Shannon Simpson 

1 PL01k 105 106.5 ± 2.59 4.33 0.9839 

2 PL02k 106 106 ± 0.49 4.43 0.9860 

3 PL03k 106 106 4.34 0.9838 

4 PL04k 122 122 ± 0.24 4.50 0.9863 

5 PL05k 114 114 4.38 0.9840 

6 PL06k 96 96.333 ± 0.93 4.15 0.9787 

7 PL07k 108 108 4.33 0.9831 

8 PL08 112 112 ± 0.25 4.38 0.9838 

9 PL09 110 110 ± 0.25 4.38 0.9843 

10 PL10 103 103 4.34 0.9839 

Table 3. Alpha biodiversity indexes of NGS data for PP area samples based on COI gene. 

No. Sample Observed (#OTUs) Chao1 Shannon Simpson 

1 PP01 95 96 ± 2.34 4.26 0.9819 

2 PP02 114 114 4.47 0.9858 

3 PP03 101 101 4.36 0.9843 

4 PP04k 83 83 4.10 0.9801 

5 PP05k 106 107 ± 2.34 4.33 0.9836 

6 PP06k 116 116 ± 0.25 4.49 0.9866 

7 PP07 94 94.5 ± 1.29 4.19 0.9804 

8 PP08 124 124 4.22 0.9811 

9 PP09k 114 115.2 ± 1.84 4.35 0.9826 

10 PP10k 104 104.25 ± 0.74 4.32 0.9836 

21 PP11 114 114 ± 0.49 4.26 0.9801 

22 PP12 110 111 ± 2.34 4.42 0.9853 

Table 4. Alpha biodiversity indexes of NGS data for ML region samples based on18S gene. 

No. Sample Observed (# OTUs) Shannon Simpson InvSimpson 

1 ML01k 759 5.18116045 0.98206565 55.7589194 

2 ML02k 745 5.15552475 0.9782008 45.8732439 

3 ML03k 730 5.09918498 0.9779652 45.3827591 

4 ML04k 790 5.02045456 0.97021388 33.5726886 

5 ML05k 745 5.08774115 0.9756816 41.1211275 
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Table 5. Alpha biodiversity indexes of NGS data for PP area samples based on 18S gene. 

No. Sample Observed (# OTUs) Shannon Simpson InvSimpson 

1 MP01k 449 4.22568004 0.94156153 17.1120151 

2 MP02k 646 5.19277849 0.98267021 57.7041184 

3 MP03k 612 4.86041789 0.96659691 29.9373545 

4 MP04k 1106 5.40223288 0.98385162 61.9257123 

5 MP05k 759 5.06866917 0.97828421 46.0494478 

3.5. Taxonomic Annotation Results Based on COI and 18S Gene Data 

3.5.1. Taxonomic Composition of eDNA Data in PL and PP Region (COI) 

From the 2,342 OTUs successfully clustered in the previous stage, 9,864 – 17,223 DNA seqs could 

be obtained. In PL region, the highest and lowest number of 17,068 and 12,999 seqs were shown by 

PL04k and PL01k samples, respectively. Meanwhile, in PP area, the highest and lowest number of 

17,223 and 9,864 seqs were shown by PP09k and PP07 samples, respectively. 

Taxonomic annotation produced 24 taxa groups at the phylum level. In this context, taxonomic 

identities of OTUs or DNA seqs were not determined, namely X_Unclassified_Eukaryota and 

X_Unclassified (Figure 5). A total of 8 groups were grouped into animals (fauna) and 8 others into 

the algae or microalgae category. The remaining groups are included in the category of fungi (fungi) 

or other protist, as reported in Figure 5. The animal group consists of phylum Annelida, Arthropoda, 

Chordata, Cnidaria, Echinodermata, Mollusca, Nemertea, and Porifera. The algae/microalgae group 

consists of Bacillariophyta, Chlorophyta, Chrysophyceae, Dinophyceae, Haptophyta, Phaeophyta, 

Rhodophyta, and Schizocladia (Figure 5). 

Arthropods dominated the most composition in all samples with 94,429 seqs, followed by the 

phylum Bacilariophyta, Oomycota, Cnidaria, and Mollusca at 60,494, 36,563, 14,040, and 12,088 seqs, 

respectively. The phylum with the lowest amount of DNA seqs of 31 is Chrysophyceae, as reported 

in Figure 5. X_Unclassified_Eukaryota and X_Unclassified groups containing 40,651 and 36,343 seqs 

cannot be taxonomically annotated. 

In total, 136 taxa have been successfully detected in PP and PL areas. Only 66 were successfully 

identified at the species (n=39) or genus (n=27) level, while the remaining 70 were identified at the 

higher taxonomic level of family (n=19), order (25), class (n=19), or phylum (n=7). A total of 47, 20, 14, 

11, 10, 5, 4, 3, 2, and 1 taxa were members of the phylum Arthropoda, Mollusca, Cnidaria, 

Rhodophyta, Phaeophyceae, Nemertea, Haptophyta, Chlorophyta, Chordata and Annelida, 

respectively. Meanwhile, 45 taxa belong to the algae group and 27 are identified up to the genus or 

species level. The remaining 91 are taxa from the animal group and 39 are identified up to the genus 

and species level. 
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Figure 5. Taxonomic composition of DNA seqs (reads) of COI gene at phylum level in marine (PL) and coastal 

(PP) areas. DNA associated with animals/fauna and algae/microalgae are marked with a red circle of green 

squares. Other groups are classified as fungi and protists. 

3.5.2. Taxonomic Composition of eDNA Data in ML and MP Regions (18S) 

For 18S gene, out of a total of 3,514 OTUs successfully clustered, 32,128-39,961 seqs were obtained 

for each sample in ML and MP areas. In ML region, the highest and lowest amount of 37.118 and 

32.522 seqs was reported by ML04k and ML02k composite samples, respectively. Meanwhile, in MP 

area, the highest and lowest amount of 39,961 and 32,128 seqs were shown by MP05k and MP02k 

composite samples, respectively. Taxonomic annotation of OTUs generated from 18S rRNA 

sequencing identified 54 phylum-level groups, including uncultured, unclassified, and unassigned 

taxa. Arthropods dominated taxonomic composition of all 18S samples in line with the detection 

results using COI gene marker. At the genus level, 286 taxa were successfully detected using 18S gene 

marker, which was more than the 136 obtained through COI gene marker. 

From the 54 phylum groups detected with 18S gene marker, 21 were categorized as 

algae/microalgae. The remaining include groups of animals, fungi, plants, protists, and a small 

ungrouped number. The phylum groups of algae and microalgae are Diatomea, Dinoflagellata, 

Labyrinthulomycetes, Cryptophyceae, Prymnesiophyceae, Ochrophyta, Chlorophyta, MAST-1, 

MAST-2, MAST-3, MAST-4, MAST-6, MAST-7, MAST-8, MAST-9, MAST-11, MAST-12, 

Porphyridiophyceae, SA1-3C06, Stramenopiles, and Rhodellophyceae. Phylum Dinoflagellata has 

the highest number of seqs with a total of 35,096, as reported in Table L2. Furthermore, 114 and 26 

taxa at the genus and other levels were groups of algae and microalgae identified at a higher 

taxonomy. 
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From the detected algae and microalgae genera, Gyrodinium occupies the highest position with 

5,058 seqs. Meanwhile, Unclassified Ochromonadales and Cythriodinium have the lowest number of 

seqs, which is only 1 seqs. 

 

Figure 6. Taxonomic composition of DNA seqs of gene 18S at phylum level in ML and MP areas. DNA associated 

with algae and microalgae is marked with a green circle. Other groups belong to fauna, fungi, and protists. 

3.5.3. Taxa Distribution Based on eDNA Gene COI and 18S Data 

A total of 45 and 40 taxa are detected in PL and 40 PP groups. Meanwhile, 51 taxa can be found 

in both PL and PP areas. For the distribution of taxa based on COI gene eDNA data per sample, the 

following number of seqs are reported in Table L1. Only 5 taxa had distribution records covering PP 

and PL regions from the total 136 species detected and identified. Meanwhile, 60 taxa only had 1 

detection record in the sampling areas. 

For the distribution at the genus level based on 18S gene, 49 and 62 taxa are detected in ML and 

MP areas, respectively. However, a total of 204 taxa are also detected in both regions, as reported in 

Figure 8b. Table L2 shows the distribution of taxa based on eDNA data of 18S gene per sample, 

including the amount of seqs DNA. 

The species with the lowest amount of DNA seqs is Lithophyllum stictiforme (6 seqs) which 

belongs to the group of red algae. Meanwhile, taxa with the highest DNA seqs from the Unidentified 

Bacillariophyta belongs to phylum Bacillariophyta. In PL region, Unidentified Bacillariophyta and 

Unclassified Chironomidae of the phylum Arthropoda occupy the top position with 17,274 and 17 

seqs, respectively. In PP region, Unclassified Calanoida and Rhodophyta of 20,334 and 2 seqs were 

in the highest and lowest position, respectively. 
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Figure 7. The proportion of unique and shared taxa found in PL and PP regions is based on COI (a) and 18S gene 

(b). 

 

Figure 8. The proportion of taxa distribution that can be detected using COI and 18S gene markers. 

The results of organism detection using eDNA metabarcoding method showed that the two 

markers had specific detection sensitivity (Figure 9). At the genus level, 128 and 307 taxa were 

detected by COI and 18S markers, respectively. Additionally, there were only 8 species detected by 

COI and 18S markers. The 8 taxas comprised Ditylum, Skeletonema, Chaetoceros, Chrysochromulina, 

Phaeocystis, Prorocentrum, Pseudo-nitzschia, and Unclassified_Bacillariophyceae. These taxa belong to the 

group of diatoms and dinoflagellates microalgae, as reported in Tables L1 and L2, respectively. 
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Figure 9. Beta diversity analysis of NGS COI data based on NMDS (Jensen-Shannon divergence) plots. The red 

and blue dots represent PP and PL, respectively. Some of the overlapping samples are shown by inscriptions 

and black circles. 

3.5.5. Beta Biodiversity Based on COI and 18S Gene 

Beta biodiversity shows the ratio between the area and the level of biota diversity present in each 

sample. Beta biodiversity can be used to determine the pattern of sample distribution in the area 

serving as the focus of the research such as Pelindo Coastal (PP/MP) and Pelindo Laut (PL/ML). 

COI gene data shows that the taxa biodiversity in PP area sample has a similar composition to 

PL, as reported in Figure 10. In comparison to PP area, samples from PL have more uniqueness in the 

taxa composition. There are 8 PP samples with different taxa compositions, namely PL01k, PL02k, 

PL03k, PL04k, PL05k, PL06k, PL07k and PL08. Therefore, PL region is unique compared to PP in 

terms of taxa composition and the amount of seqs DNA recorded. The similarity of biodiversity 

composition between PP and OT zones is seen in several samples with overlap in one plot (Figure 10). 

For 18S gene data, most of the taxa in ML can be found in MP, specifically in MP01k. Meanwhile, 

the other 4 composite samples in the coastal area, namely MP02k, MP03k, MP04k, and MP05k, have 

relatively different compositions compared to samples from the marine area. Tables L1 and L2 show 

a more detailed composition of COI and 18S gene markers-based taxa. 

 

Figure 10. Beta diversity analysis of NGS 18S data based on NMDS (Jensen-Shannon divergence) plots. The red 

and blue dots represent MP and ML, respectively. 

4. Discussion 

The use of eDNA method in detecting species in marine protected areas shows higher detection 

capabilities and cost-effectiveness compared to conventional methods [16,17]. eDNA method uses 

short extracellular DNA fragments to obtain biodiversity in a conservation area [18]. Additionally, 

metabarcoding eDNA has a complex workflow and the absence of a single accepted standard method 

with varied results [19]. The collection of eDNA in the area environment is due to residues from feces, 

saliva, urine, and skin cells of animals inhabiting or visiting the area for hydration. Biodiversity in 

conservation areas is affected by the quantity and quality of eDNA samples collected. A greater 

quantity and higher quality of data enhance the comprehensiveness of biodiversity assessments in 

the region. Various factors affect the quality of eDNA, including the preferred primer, filter material, 

pore size, water volume, number of replications, DNA extraction methods, library preparation 

protocols, sequencing depth, and bioinformatics pipes [20,21]. 
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The concentration and purity results of 12 and 10 samples of Pelindo Coast and Pelindo Laut, as 

well as 5 samples of coastal and marine composite were >10 ng/μL with a purity of 1.87 – 2.18. 

Therefore, the purity level of eDNA obtained is in the value range of 1.8 to 2.0 in A260/280 absorption 

measurement [22]. The ratio of A260/280 value shows that the concentration of DNA read with other 

impurities such as proteins at wavelength 280 can be continued to the subsequent stage of NGS. 

In this research, 2,342 OTUs were found with 3 being detected in PP and PL areas, while 1,071 

and 1,268 others could only be found separately. OTUs and seqs in the unidentified groups are from 

species or taxa whose DNA sequence data is not in reference databases, such as NCBI GenBank. The 

dominance of fauna groups from the phylum Arthropods in taxonomic annotations is natural, 

containing the largest number of taxa with high distribution and abundance [23]. 

eDNA-based method is progressively used to measure biodiversity in freshwater and marine 

ecosystems [24,25]. According to [26,27], the selection of markers in eDNA metabarcoding is 

important. The selection is specific to the target taxonomic group and validation is necessary before 

the application of metabarcoding analysis in situ [27]. COI and 18S markers are universal markers 

commonly used in eDNA metabarcoding analysis. In addition, 18S marker is considered better at 

detecting the proportion of eukaryotic organisms, including algae, than COI which tends to amplify 

metazoan species [28]. COI mark on the marine Pelindo and coastal Pelindo samples showed the 

highest Arthopod results, while 18S mark reported the diatom members. 

In Indonesia, eDNA-based biodiversity research is widely carried out in coastal and ocean areas 

to show the composition of reef fish [29], types of coral reefs, endosymbiotic microalgae, detection of 

shark and ray species, and other fauna [30]. Generally, the primers target various mitochondrial gene 

and others use the marker 12S, namely Cytb (Cytochrome B encoder) or ITS region [7]. 

eDNA-based biodiversity analysis and the selection of gene targets or markers can affect the 

composition of the acquired taxa. This is because the specificity and sensitivity of DNA markers used 

to target the gene region vary. Some previous research have used hypervariable region 18S rRNA such 

as V1-V2 [31], V4, and V8 to show the composition of eukaryotic organisms [32]. The 18S rRNA gene 

has a disadvantage in terms of relatively low coverage for the detection and identification of 

metazoan groups (fauna). Therefore, COI was selected as the target gene to overcome the weakness 

of animal detection. The gene is commonly used to target fauna but the genetic marker also detects 

other eukaryotic organisms [33,34]. The use of COI in biodiversity analysis showed that Arthropoda 

had the highest level of detection followed by Craniata (Chordata), Echinodermta, Annelida, 

Cnidaria, and Mollusca. Arthropods are the phylum with the highest number of abundance [35] due 

to the number of species [23]. 

Marine microalgae are simple unicellular or multicellular microorganisms that can meet energy 

needs independently by photosynthesis. Ecologically, the organisms form the basis of the food web 

in the ocean and contribute 30% in CO2 fixation with a great impact on the global biogeochemical 

cycle. Economically, a variety of marine microalgae have the potential to be used as nutraceuticals, 

drug production, cosmetics [36], bioremediation, and biofuels [37,38]. The Labyrinthuloides, 

Porphyridium, Tetraselmis, and Xanthophyceae groups have the potential for biotechnological 

utilization. For example, the red microalgae species Porphyridium serves as a source of fatty acids, 

pigments, and polysaccharides as well as materials for the development of biofuels and 

pharmaceutical products. Therefore, there is an increase in the number of OTUs groups such as 

Chlorophyta, Dinoflagellata, Streptophyta, and Bacillariophyta. The increase in microalgae 

biodiversity in Mempawah Port, West Kalimantan, shows that the establishment of protected areas 

has provided benefits for the marine environment. An increase in diatomic taxa occurs after the 

formation of protected areas. The establishment of protected areas and the improvement of the local 

environment in the port increase local biodiversity [39]. The use of COI and 18S gene markers to 

detect algae in marine environments was also adopted by previous research to monitor potentially 

harmful algae species [34,40]. 

5. Conclusions 
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In conclusion, diversity analysis based on eDNA COI and 18S markers showed a fairly high level 

of biodiversity and abundance in Mempawah Port environment, West Kalimantan. The diversity 

included fauna, algae, and other groups of organisms. This reported the potential use of eDNA as an 

efficient tool for mapping and monitoring biodiversity in Mempawah Port environment. Based on 

the molecular markers of COI, various types of high-level and low-level fauna could be identified. 

Meanwhile, the molecular markers of COI and 18S showed that various types of beneficial and 

potentially harmful algae were found. This could be a concern in the sustainable management of 

Tanjungpura Port to maximize and minimize the potential for beneficial and harmful algae, 

respectively. 
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