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[Abstract] 

Marine zooplankton are key organisms that connect lower and higher trophic levels and serve as 
indicator species, as they rapidly respond to changes in the marine environment. However, their high 
diversity (with >7,000 species) and classification through morphology requires taxonomic expertise and 
experience. There are also identification challenges associated with cryptic species and immature stages 
that cannot be identified morphologically. Molecular methods address this by enabling accurate species 
identification. In particular, metabarcoding analysis is a promising technique that can reveal community 
structures rapidly and accurately based on massive amounts of sequences produced by next-generation 
sequencing. The international working group MetaZooGene aims to enhance global data on zooplankton 
metabarcoding. However, reference sequence data from the western North Pacific Ocean off Japan 
remains insufficient, highlighting an urgent need to enrich both metabarcoding and reference sequence 
datasets for this area. Thus, the aim of this study was to increase the reference sequence and large-scale 
metabarcoding data of marine zooplankton in the western North Pacific, thus contributing to the activity 
of MetaZooGene. An additional aim was to integrate the metabarcoding method into marine monitoring 
systems to track changes in marine ecosystems under climate change. For the reference sequence, a 
genome-skimming technique was established for marine zooplankton. This method allows for the 
efficient acquisition of valuable sequences, such as mitochondrial genomes and rDNA sequences, and is 
superior to the conventional DNA barcoding method. This study focused on key species in Japan and 
yielded more than 600 datasets. Moreover, a multi-region approach was used to improve the zooplankton 
metabarcoding analysis, and large-scale diversity and community structures of zooplankton across the 
Indian and Pacific Oceans were investigated. Metabarcoding was also applied to zooplankton 
communities around Japan to reveal their diversity and species distributions. Because the metabarcoding 
method was adapted for ocean monitoring around Japan, in this study a system to capture future changes 
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in marine ecosystems was established. In total, almost 400 new data were obtained for the metabarcoding 
analysis, successfully contributing to the work of MetaZooGene. In this study, a large amount of genome-
skimming and metabarcoding data were collected, and these datasets can be used to further understand 
zooplankton diversity, ecology, and evolution. 

 
 

[References] 
 

Hirai J (2025) Optimal input DNA thresholds for genome skimming in marine crustacean zooplankton. 
PeerJ. 13, e19054. DOI: 10.7717/peerj.19054 
Hirai J, Katakura S, Kasai H, Nagai S (2024) Ecological interactions between marine RNA viruses and 
planktonic copepods. Communications Biology, 7, 1507. DOI: 10.1038/s42003-024-07189-z 
Hirai J, Hsiao S-T, Yeh H-M, Nishikawa J (2025) Population panmixia of the pelagic shrimp Lucensosergia 
lucens between Japanese and Taiwanese waters in the western North Pacific. Scientific Reports. 15, 
7040. DOI: 10.1038/s41598-025-91208-4 
Hirai J, Katakura S, Kasai H, Tamamushi N, Nagai S (2024) Metabarcoding analysis of zooplankton 
communities during a period of sea ice in the Okhotsk Sea. Proceedings of The 38th International 
Symposium on the Okhotsk Sea & Polar Oceans 2024, L5. 
Hirai J, Yamaguchi A, Katakura S (2025) Revealing hidden diversity of zooplankton under sea ices in 
the Okhotsk Sea. Proceedings of The 39th International Symposium on the Okhotsk Sea & Polar 
Oceans 2025, L5. 

    
This research was performed by the Environment Research and Technology Development Fund 

(JPMEERF20224R03) of the Environmental Restoration and Conservation Agency provided by Ministry of 
the Environment of Japan.  
 


