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Introduction 

Raja Ampat's waters are renowned for their high marine biodiversity, making the local 
population heavily reliant on marine biological resources, especially fisheries. The marine 
biodiversity of Raja Ampat includes 459 corals, 669 mollusks, 530 gastropods, 159 
bivalves, and 1,502 crustaceans, as well as 972 species of reef fish (Hukom et al., 2018). 
The anthropogenic pressure on these resources is significant due to the high density of 
residents, fish exploitation using explosives, cyanide, and compressors, which has led to a 
decline in the population and diversity of invertebrates and reef fish. Additionally, illegal 
logging on the Wigeo nature reserve islands (McKenna et al., 2002) and increasing tourism 
activities in Raja Ampat waters contribute to the pressure on coastal resources. From 2007 
to 2013, the number of tourists visiting the region increased annually, with domestic 
tourists growing by 105% and foreign tourists by 50% (Dinas Kebudayaan dan Pariwisata, 
2013). This anthropogenic pressure can reduce habitat productivity and marine biodiversity 
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in the fisheries sector. Such effects can alter ecosystem 
functions and lead to biodiversity loss (Cardinale et al., 2012). 
An inventory of biodiversity is essential as an initial step in 
biomonitoring and water conservation activities.  

Environmental DNA (eDNA) techniques were employed in 
this study due to their superior potential compared to 
conventional methods for inventorying genetic data. 
Conventional biodiversity observation methods can be 
challenging, expensive, and environmentally damaging 
(Bogich et al., 2008; Wheeler, 2004). eDNA consists of DNA 
traces collected from the environment, such as seawater, 
freshwater, soil, and ice. These traces can include DNA from 
feces, mucus, and skin cells (Thomsen & Willerslev, 2015). 
eDNA is obtained from environmental samples without 
isolating the target organism first (Taberlet et al., 2012). This 
technique has proven effective in detecting and monitoring 
biodiversity, as well as estimating the relative abundance of 
fish, conducting fish stock assessments, and calculating rare 
and invasive species (Zhang et al., 2019; Deiner et al., 2017). 

This study aims to provide new insights and compare the 
composition and abundance of invertebrate species in water 
columns and sediments in the Raja Ampat conservation area. 
This is important because the transportation and degradation 
of eDNA can vary in different environmental contexts 
(Pietramellara et al., 2009). 

 

Methods 

Environmental DNA sampling  

eDNA samples were collected in January 2018 from 19 
sites in Raja Ampat (Figure 1). Each sample consisted of 4 
liters of water and sediment. The water and sediment were 
filtered using 12-micron and 0.4-micron filter paper with a 
MASTERFLEX peristaltic pump (model 13-310-662). Following 
filtration, the filter paper samples were divided into two parts. 
Each part was preserved in a 2 ml cryotube filled with 1 ml of 
DNA Shield, a preservative solution. 

DNA extraction 

DNA (deoxyribonucleic acid) extraction was performed 
using commercial kits from NucleoSpin Macherey-Nagel, 
which are designed for genomic DNA purification from tissue, 
following the manufacturer's protocol (Tomaso et al., 2010). 
The extraction aimed to obtain isolates for further 
applications. Subsequently, the extracted samples, which 
included water and sediment, were filtered using a Masterflex 
peristaltic pump filtration system. 

PCR and sequencing  

This study employed universal eukaryotic V9 primers, 
specifically forward primer 1389F (5'-TTGTACACACCGCCC-3') 
and reverse primer 1510R (5'-CCTTCYGCAGGTTCACCTAC-3') 
(Amaral-Zettler et al., 2009), to target 18S ribosomal RNA 
genes. Sequencing was conducted using the Illumina MiSeq 
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Figure 1.  The map of study area; colors indicating the three distinct zonations. 
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next-generation sequencing platform. The main objective of 
customizing the MiSeq platform was to develop a dual-index 
approach, which aimed to generate a large number of high-
quality sequences while reducing the cost associated with 
long, customized primers (Kozich et al., 2013). 

Bioinformatics  

Sequencing data from Illumina were first filtered using 
DADA2 (Callahan et al., 2016), then trimmed with Cutadapt, 
and analyzed with QIIME2 software (Caporaso et al., 2010). 
QIIME2 is a plugin designed for taxonomic classification using 
gene marker sequences (Bokulich, 2018). The software 
generates output in FASTQ format. The data were then 
processed using BLAST (Basic Local Alignment Search Tool) to 
identify invertebrate types. The raw data were further analyzed 
using SILVA, a web-based resource that provides 
comprehensive ribosomal RNA sequence data and ensures 
quality control (Quast et al., 2013).  

Data analysis  

Statistical analyses for this study were conducted using 
R Studio software version 3.6.1. The Kruskal-Wallis test was 
employed to examine differences in invertebrate species 
detected by eDNA across core, open, and tourism zones in 
both water columns and sediments. This non-parametric test 
is suitable when sample data do not meet the assumptions of 
normality and homogeneity (Boussarie et al., 2018). The 
Shannon-Wiener index and Simpson index (D) were calculated 
using the vegan package (Oksanen et al., 2017), while 
descriptive analyses were performed with the ggplot package 
and Venn diagrams (Chen, 2016). Additionally, the PRIMER v7 
software was used for SIMPER (Similarity of Percentage) 
analysis, which identifies the contribution of taxa (at the genus 
level) to observed differences in eDNA and eRNA samples 
(Clarke, 2015; Pochon et al., 2017). 

 

Results 

Species composition 

The relative abundance of invertebrate species was 
analyzed based on the total number of readings detected 
using environmental DNA (eDNA) techniques. In the water 
column, the core zone contained 7 species, the tourism zone 

had 6 species, and the open access zone had 4 species. In 
sediment samples, there were 6 species in the core zone, 3 
species in the tourism zone, and 2 species in the open access 
zone. Dominant species in the water column included Bertella 
californica (44.47%) in the core zone, Strongylocentrotus 
purpuratus (74.82%) in the tourism zone, and Crassostrea 
gigas (96.99%) in the open access zone (Figure 1). In 
sediments, the core zone was dominated by Littorina littorea 
(40.22%), the tourism zone by Paragorgia arborea (58.41%), 
and the open access zone by Strongylocentrotus purpuratus 
(90.27%) (Figure 2).  

Comparison of eDNA diversity in conservation zone        
columns and sediments 

The Venn diagram illustrates the overlap in species 
identification among the core zone, tourism zone, and open 
access zone. In the water column, the core zone and tourism 
zone exhibit a higher number of overlapping species, with two 
species — Strongylocentrotus purpuratus and Elliptio 
complanata — common to both. In sediments, the 
overlapping species between the core zone and tourism zone 
include Haminoea cymbalum. No overlapping species were 
identified between the core zone and the open access zone. 

The results of the Kruskal-Wallis statistical analysis 
reveal that no significant differences in invertebrate species 
were detected in the core zone, tourism zone, and open 
access zone. For the water column, the p-value was 0.511 (p > 
0.05), and for sediment, the p-value was 0.913 (p > 0.05). 
These values indicate that species diversity was similar across 
the three zones when assessed using eDNA techniques. 

Based on the results of the Shannon and Simpson index 
calculations (Table 1), each zone exhibited different values, 
with the core zone showing higher values compared to the 
tourism zone and the open access zone. The SIMPER 
(similarity of percentage) test results, presented in Table 2, 
reveal a dissimilarity level of 93.04% between columns and 
sediments in the core zone. In contrast, the dissimilarity levels 
in the tourism zone and open access zone are both 100.00%. 
These high dissimilarity values indicate that the composition 
of invertebrate species differs significantly between columns 
and sediments across all zones. 
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Figure 2.  The composition and relative abundance of invertebrate species were analyzed for the core zone, tourism zone, and 
open access zone in both (a) the water column, and (b) sediment. 

(a) (b) 
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Key species contributing to these differences include 
Strongylocentrotus purpuratus in the water column (13.83%) 
and Littorina littorea in sediments (21.53%) for the core zone. 
In the tourism zone, Strongylocentrotus purpuratus is 
dominant in the water column (31.77%), while Paragorgia 
alborea is prominent in sediments (12.14%). For the open 
access zone, Crassostrea gigas leads in the water column 
(47.11%), and Strongylocentrotus purpuratus is significant in 
sediments (31.82%). 

 

Discussion 

Environmental DNA (eDNA) is a method used to assess 
the abundance of target species (Lukacs, 2005; Mondol et al., 
2009). The relative abundance of invertebrate species tends to 
be higher in sediments than in the water column, as 

sediments can retain genetic material (eDNA) from 
macrofauna or benthic species for longer periods compared to 
water (Turner, 2014). 

The water conservation area in Raja Ampat is 
predominantly composed of coral reefs, supporting diverse 
fauna and flora. Each zone within this conservation area has 
distinct water characteristics and associated biological 
communities. According to the study results presented in 
Figure 1, the core zone exhibits higher species composition 
and abundance in both columns and sediments compared to 
the tourism and open access zones. The core zone's high 
abundance and biomass are attributed to its role as a 
spawning and nurturing ground, offering protection for fish 
habitats and populations, as well as serving as a research area 
(Hukom et al., 2019; Nikijuluw et al., 2013). 
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(a) (b) 

Figure 3.  Comparison of the number of species identified across the core zone, tourism zone, and open access zone in (a) the 
water column, and (b) sediment. 

Table 1.  Diversity Index in diffrent zonation. 

Index Core zone Tourism zone Open access 

Shannon (H') 1,71 ± 0,01 0,93 ± 0,12 0,52 ± 0,51 

Simpson (D) 0,76 ± 0,04 0,49 ± 0,11 0,29 ± 0,34 

(a) 

Figure 4.  The boxplot displays the results of the Kruskal-Wallis test for the number of reads across the zones in (a) water column, 
(b) sediment. 

(b) 
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The Shannon index (H') is higher in the core zone than in 
the tourism and open access zones (Table 1), reflecting the 
core zone's greater species richness. Species richness 
impacts the total number of DNA readings (Love, Huber, & 
Anders, 2014). Additionally, the core zone has the highest 
Simpson index (D) compared to the other zones, indicating 
that it contains species with a significant role in the 
community and environment (Muhtadi, Cordova, & Vitner, 
2014). 

The Kruskal-Wallis test showed that invertebrate species 
detected using the eDNA method did not differ statistically 
among zones, suggesting that species compositions were 
similar across the water column and sediments in the core, 
tourism, and open access zones (Figure 3). 

SIMPER (Similarity of Percentage) analysis reveals that 
the contribution of invertebrate species varies by zone in the 
Raja Ampat waters. Each zone's invertebrate species 
contribute significantly to the water columns and sediments, 
reflecting the suitability of these habitats for their survival. The 

variation in species contribution across zones is influenced by 
the relative abundance of each species detected using eDNA 
techniques  
 

Conclusions 

Using selective primers, we succeeded in amplifying 
eDNA from water and sediment samples to detect 
multispecies invertebrates from Raja Ampat island. 
Invertebrate species are mostly found in the core zone 
conservation zone with the highest Shanon-Wiener index and 
Simpson index, 1.71 ± 0.01 and 0.76 ± 0.04. Based on the 
Kruskal-Wallis test significantly, the composition of species in 
the core zone, tourism zone, and open access are not 
significantly different. 
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Species 
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Littorina littorea 0 3,56 20,03 21,53 

Elliptio complanata 2,19 0 13,96 15,00 

Strongylocentrotus purpuratus 2,39 0,65 12,87 13,83 

Berthella california 3,33 0 12,26 13,18 

Apostichopus japonicus 2,22 0 8,15 8,76 

Dysidea avara 1,59 1,54 8,14 8,75 

Monostaechas quadridens 1,16 0 6,72 7,22 

Hydra vulgaris 0 1,86 6,07 6,52 

Acropora digitifera 0,55 0 2,04 2,19 

Haliclona sp. 0 0,47 1,54 1,66 

Plakortis angulospiculatus 0 0,39 1,26 1,36 

(b). Tourism zone in the water column and sediment (average dissimilarity 100,00%) 

Strongylocentrotus purpuratus 8,65 0 31,77 31,77 

Elliptio complanata 3,96 0 14,54 14,54 

Berthella california 0 3,63 14,14 14,14 

Paragorgia alborea 0 3,82 12,14 12,14 

Leptosynapta inhaerens 1,76 0 6,45 6,45 

Gymnangium hians 1,69 0 6,20 6,20 

Desmopterus papilio 1,46 0 5,37 5,37 

Dictyoceratida  0 1,57 5,00 5,00 

Haliclona sp. 1,19 0 4,39 4,39 

(c). Open access in the water column and sediment  (average dissimilarity = 100,00 %) 

Crassostrea gigas 9,85 0 47,11 47,11 

Strongylocentrotus purpuratus 0 6,63 31,82 31,82 

Haminoea cymbalum 0 1,56 7,29 7,29 

Dysidea avara 1,36 0 6,50 6,50 

Gymnangium hians 0,76 0 3,63 3,63 

Chondrilla nucucla 0,76 0 3,63 3,63 

https://doi.org/10.29103/joms.v1i2.17632


 6 of 7 

 

Journal of Marine Studies  | Volume 1 | Issue 2  
https://doi.org/10.29103/joms.v1i2.17632 

 

Article 1203 

cherish his infectious smile, his deep curiosity for the marine 
environment, and his inspiring leadership. We also extend our 
gratitude to all the laboratory staff and core sampling team, 
who supported this work. 

 

Authorship contribution 

Arina Ruzanna: Investigation, resources, sample        
processing and analysis, data curation, formal analysis, visu-
alization, writing - original draft preparation, writing - review 
and editing. Hawis Madduppa: Conceptualization, resources, 
methodology, formal analysis, writing - review and editing, 
supervision. Nurlisa Alias Butet: Writing - review and editing, 
supervision. All authors gave final approval for publication and 
agreed to be held accountable for the work performed therein.  

 

Data availability 

Datasets generated during and/or analysed throughout 
the present study are available from the corresponding author 
upon reasonable request. 

 

Conflict of interest  

On behalf of all authors, the corresponding author states 
that there are no conflicts of interest.   
 

Funding 

This research was supported by USAID through the Sus-
tainable Higher Education Research Alliances (SHERA) Pro-
gram – Centre for Collaborative Research on Animal Biotech-
nology and Coral Reef Fisheries (CCR ANBIOCORE). 

 

References 

Bogich, T. L., Liebhold, A. M., & Shea, K. (2008). To sample or 
eradicate? A cost minimization model for monitoring and 
managing an invasive species. Journal of Applied 
Ecology, 45(4), 1134–1142. https://doi.org/10.1111/
j.1365-2664.2008.01494.x. 

Bokulich, N. A., Kaehler, B. D., & Caporaso, J. G. (2018). 
Optimizing taxonomic classification of marker-gene 
amplicon sequences with QIIME2's q2-feature-classifier 
plugin. Microbiome, 6(90). https://doi.org/10.1186/
s40168-018-0470-z. 

Boussarie, G., Bakker, J., Wangensteen, O. S., Mariani, S., 
Bonin, L., Juhel, J.-B., Kiszka, J. J., Kulbicki, M., Manel, S., 
Robins, W. D., & Vigliola, L. (2018). Environmental DNA 
illuminates the dark diversity of sharks. Science 
Advances, 4(5), eaap9661. https://doi.org/10.1126/
sciadv.aap9661. 

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W., 
Johnson, A. J. A., & Holmes, S. P. (2016). DADA2: High-
resolution sample inference from Illumina amplicon 
data. Nature Methods, 13, 581–583. https://
doi.org/10.1038/nmeth.3869. 

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., 
Perrings, C., Venail, P., & Wardle, D. A. (2012). 
Biodiversity loss and its impact on humanity. Nature, 486

(7401), 59-67. https://doi.org/10.1038/nature11148. 

Chen, H. (2016). VennDiagram: Generate high-resolution Venn 
and Euler plots. https://cran.r-project.org/
package=VennDiagram. 

Clarke, K., & Gorley, R. (2015). Getting started with PRIMER v7. 
PRIMER-E Ltd. 

Deiner, K., Bik, H. M., & Mächler, E. (2017). Environmental DNA 
metabarcoding: Transforming how we survey animal and 
plant communities. Molecular Ecology, 26(21), 5872-
5895. https://doi.org/10.1111/mec.14350. 

Dinas Kebudayaan dan Pariwisata. (2013). Revisi Rencana 
Induk Pengembangan Pariwisata Daerah Kabupaten Raja 
Ampat. Harmony Techno Consulindo. 

Hukom, F. D., Yulianda, F., Bengen, D., & Kamal, M. (2018). 
Reef fishes in the marine protected area of Dampier 
Strait, Raja Ampat islands, West Papua Province, Indone-
sia. International Journal of Fisheries and Aquatic Stud-
ies, 6(6), 131-135.  

Hukom, F. D., Yulianda, F., Bengen, D. G., & Kamal, M. M. 
(2019). Efektivitas zonasi dalam pengelolaan perikanan 
karang di kawasan konservasi perairan Selat Dampier 
Raja Ampat. Jurnal Kebijakan Sosek Kelautan dan 
Perikanan, 9(2), 93-103. http://dx.doi.org/10.15578/
jksekp.v9i2.7661. 

Kozich, J. J., Westcott, S. L., Baxter, N. T., Highlander, S. K., & 
Schloss, P. D. (2013). Development of a dual-index 
sequencing strategy and curation pipeline for analyzing 
amplicon sequence data on the MiSeq Illumina 
sequencing platform. Applied and Environmental 
Microbiology, 79(17), 5112-5120. https://doi.org/10.1128/
AEM.01043-13. 

Love, M. I., Huber, W., & Anders, S. (2014). Moderated 
estimation of fold change and dispersion for RNA-seq 
data with DESeq2. Genome Biology, 15(12), 550. https://
doi.org/10.1186/s13059-014-0550-8. 

Lukacs, P. M., & Burnham, K. P. (2005). Review of capture–
recapture methods applicable to noninvasive genetic 
sampling. Molecular Ecology, 14(13), 3909-3919. https://
doi.org/10.1111/j.1365-294X.2005.02717.x. 

McKenna, S. A., Allen, G. R., & Suryadi, S. (2002). A marine 
rapid assessment of Raja Ampat Islands, Papua Province, 
Indonesia. Conservation International. 

Mondol, S., Ullas, K. K., Samba, K. N., Gopalaswamy, A. M., 
Andheria, A., & Ramakrishnan, U. (2009). Evaluation of 
non-invasive genetic sampling methods for estimating 
tiger population size. Biological Conservation, 142(10), 
2350-2360. https://doi.org/10.1016/
j.biocon.2009.05.014. 

Muhtadi, A., Cordova, M. R., & Vitner. (2014). Ekologi perairan. 
IPB Press. 

Nikijuluw, V. P. H., Adrianto, L., Bengen, D. G., Sondita, M. F. 
A., Monintja, D., Siry, H. Y., Nainggolan, P., Susanto, H. 
A., Megawanto, R., & Koropitan, A. F. (2013). Coral 
governance. IPB Press. 

Journal of Marine Studies  Compositional analysis of invertebrate communities using eDNA 

https://doi.org/10.29103/joms.v1i2.17632
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1038/nmeth.3869
http://dx.doi.org/10.15578/jksekp.v9i2.7661
http://dx.doi.org/10.15578/jksekp.v9i2.7661


 7 of 7 

 

Journal of Marine Studies  | Volume 1 | Issue 2  
https://doi.org/10.29103/joms.v1i2.17632 

 

Article 1203 

Oksanen, J., Blanchet, F. G., Friendly, M., Kindt, R., Legendre, 
P., McGlinn, D., et al. (2017). Vegan: Community ecology 
package. https://cran.r-project.org/web/packages/
vegan/index.html. 

Pietramellara, G., Ascher, J., Borgogni, F., Ceccherini, M. T., 
Guerri, G., & Nannipieri, P. (2009). Extracellular DNA in 
soil and sediment: Fate and ecological relevance. Biology 
and Fertility of Soils, 45(3), 219–235. https://
doi.org/10.1007/s00374-008-0345-8. 

Pochon, X., Zaiko, A., Fletcher, L. M., Laroche, O., & Wood, S. 
A. (2017). Wanted dead or alive? Using metabarcoding of 
environmental DNA and RNA to distinguish living 
assemblages for biosecurity applications. PLOS ONE, 12
(11), e0187636. https://doi.org/10.1371/
journal.pone.0187636. 

Quast, C., Pruesse, E., Yilmaz, P., Gerken, J., Schweer, T., 
Yarza, P., Peplies, J., & Glockner, F. O. (2013). The SILVA 
ribosomal RNA gene database project: Improved data 
processing and web-based tools. Nucleic Acids 
Research, 41(D1), D590-D596. https://doi.org/10.1093/
nar/gks1219. 

Taberlet, P., Coissac, E., Hajibabaei, M., & Rieseberg, L. H. 
(2012). Environmental DNA. Molecular Ecology, 21(8), 
1789-1793. https://doi.org/10.1111/j.1365-
294X.2012.05542.x. 

Thomsen, P. F., & Willerslev, E. (2015). Environmental DNA – 
An emerging tool in conservation for monitoring past and 
present biodiversity. Biological Conservation, 183, 4-18. 
https://doi.org/10.1016/j.biocon.2014.11.019. 

Tomaso, H., Kattar, M., & Scholz, H. C. (2010). Comparison of 
commercial DNA preparation kits for the detection of 
Brucellae in tissue using quantitative real-time PCR. BMC 
Infectious Diseases, 10, 100. https://
doi.org/10.1186/1471-2334-10-100. 

Turner, C. R., Uy, K. L., & Everhart, R. C. (2014). Fish 
environmental DNA is more concentrated in aquatic 
sediments than surface water. Biological Conservation, 
183, 93-102. https://doi.org/10.1016/
j.biocon.2014.11.017. 

Wheeler, Q. D., Raven, P. H., & Wilson, E. O. (2004). 
Taxonomy: Impediment or expedient? Science, 303
(5656), 285-285. https://doi.org/10.1126/
science.303.5656.285. 

Zhang, H., Yoshizawa, S., & Iwasaki, W. (2019). Seasonal fish 
assemblage structure using environmental DNA in the 
Yangtze Estuary and its adjacent waters. Frontiers in 
Marine Science, 6, 515. https://doi.org/10.3389/
fmars.2019. 

Journal of Marine Studies  Compositional analysis of invertebrate communities using eDNA 

https://doi.org/10.29103/joms.v1i2.17632

