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Based on the Aichi Targets of the Convention on Biological Diversity, marine protected areas were 
established on the deep-sea floor in Japanese waters in 2020. However, the conditions for marine protected 
area designation should be inspected for conformity, as deep-sea ecosystems fluctuate due to geological 
phenomena, deep-sea fishing, and resource exploitation. Opportunities for deep-sea research are limited, as 
they typically require large oceanographic research vessels, manned submersible research vessels, human-
occupied vehicles, large deep-sea remotely operated vehicles (ROV), or large winches, which are expensive 
and specialized operators.  

Fortunately, molecular biological methods, deep learning, and machine learning have made remarkable 
progress and make it possible to obtain data on biodiversity, functions, and abundance from seawater, 
sediments, and video images. Additionally, underwater environmental measurement sensors are also 
becoming smaller and more precise. Leveraging these advanced technologies, we aim to develop simple and 
inexpensive methods for deep-sea ecosystem monitoring.  

Considering the depths targeted for deep-sea fisheries and resource exploitation, the monitoring methods to 
be developed for this project can be used at depths of up to 2000 m. Deep-sea marine protected areas are 
designated based on the distribution and biodiversity of microorganisms and animals, as well as the 
environmental characteristics of the marine ecosystem. Therefore, we aimed to use this monitoring method to 
obtain taxonomic data on prokaryotes, meiobenthos, mega invertebrates, and fish, along with information on 
their abundance, prokaryotic function, and environmental characteristics of the marine ecosystem. 

We have developed an instrument called the In-situ Free-Fall Deep-Sea Ecosystem Observatory (Lander), 
which is deployed from a ship, lands on the deep-sea floor, and surfaces to conduct the observation. The lander 
is equipped to collect seawater, seawater filtrate, and sediments on the deep-sea floor. It can also acquire data 
on video, water temperature, salinity, water pressure, turbidity, current direction and velocity, and dissolved 
oxygen. 

Data on prokaryotic biodiversity, abundance, and function were obtained from metagenomic analyses of 
seawater and sediment samples. We determined the biodiversity and abundance of meiobenthos by 
metagenomic and image analysis from sediment samples. Data on the biodiversity of fish and mega 
invertebrates were obtained by environmental DNA analysis using samples of seawater filtrate. In cases where 
remotely operated vehicles (ROV) acquired images, data on biodiversity and abundance of mega 
invertebrates were obtained through image analysis. A detailed manual on how to this deep-sea ecosystem 
monitoring method is available on the web page (see https://www.jamstec.go.jp/bioenv/j/mpa-monitoring-
method/pdf/monitoring_manual.pdf). 



The free-fall deep-sea ecosystem observation lander will be smaller, lighter, and less expensive than 
previous deep-sea survey tools, and will also require no specialized operators. Deep-sea surveys with landers 
will be less expensive because they can be done with smaller vessels. Such a simple and inexpensive method of 
monitoring deep-sea ecosystems would increase opportunities for deep-sea research and allow management 
of deep-sea marine protected areas based on scientific data. 
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