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1. Project title : T'World Wide Web of Plankton Image Curation |
2. Research period : April 2019 ~ March 2023
3. Main participants :

B THEE (WWW.PIC)

Japan-side
Name Title Affiliation Role in the
research project
Pl LINDSAY Senior X-star, Japan Agency for Administration and
Dhugal Research Marine-Earth Science and coordination, interface
Scientist Technology (JAMSTEC) development,
taxonomic expertise
Collaborator | WATANABE | Senior X-star, Japan Agency for Taxonomic expertise,
Hiromi Associate Marine-Earth Science and stakeholder
Researcher | Technology (JAMSTEC) engagement
Collaborator | HOSONO Senior GODAC, Japan Agency for | OBIS and other Data
Takashi Associate Marine-Earth Science and | Infrastructure
Researcher | Technology (JAMSTEC) coordination
Collaborator | YAMAMOTO | Research X-star, Japan Agency for Data input, user
Shino Assistant Marine-Earth Science and interface testing
Technology (JAMSTEC)

Total number of participants throughout the research period: 4

Partner-side

Name Title Affiliation Role in the research
project
Pl IRISSON Associate Laboratory of Oceanography in | Administration and
Jean-Olivier | Professor | Villefranche, Sorbonne coordination, interface
University, France development
Co-PlI COWEN Professor Hatfield Marine Science Center, | Administration and
Robert K Oregon State University, U.S.A. | coordination, interface
development
Co-PlI HIRATA Associate Institute of Mathematics and Administration and
NinaST Professor | Statistics, University of S&o coordination, interface
Paulo, Brazil development

Total number of participants throughout the research period: 3

4. Summary of the international joint research

Scientific research is generating an increasing number of digital images, from
micrographs of cells to pictures of galaxies. Automated instruments can capture many
images, which are then processed automatically to extract data from them. For this data to
be useful to the scientific community and benefit the general public, it needs to be fast to
generate (even for millions of images), consistent, and easy to share. In environmental
sciences, common questions are: how many organisms are present in a given environment?
How diverse are they? Does that change in time? Digital imaging can help answer these
questions, particularly underwater, where direct observation by humans is difficult. For
example, images of billions of planktonic organisms (i.e., the organisms that drift with ocean
currents) have been taken and need to be analysed. Plankton largely contributes to the
regulation Earth's climate, the production of the oxygen we breathe, the feeding of the fish
we eat, etc. Estimating its abundance and diversity is therefore critical. Yet, efforts to
process and classify images for such ecological studies have been scattered and not
interoperable. The main goal of this project is to build a World Wide Web of Plankton Image
Curation applications (WWW.PIC) that collect images of plankton, allow scientists to name
them consistently, store associated ecological information (such as time, location, etc.), and
make all data easily accessible to the community. It will leverage cutting edge advances in
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database design and machine learning to process billions of images, will be hosted on
public web servers to be easily accessible, and will foster an atmosphere of collaboration
and sharing that the Belmont Forum values and, we think, is essential for the progress of
science. Then, we will use this network of applications to tackle studies that have proved
challenging without it, such as fast plankton monitoring to assess ecosystem health, or
global estimations of the distribution of planktonic diversity and its contribution to carbon
storage or ecosystem productivity.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

This project directly contributed to the educational and career development of two
undergraduate and five graduate students (Brazil, France, USA), as well as three
postdoctoral fellows (Brazil, USA). In addition to taxonomic workshops and programming
training sessions run on an ad hoc basis, the workshop held online on 20 September 2021
entitted “Frontiers of marine ecosystem research using image analysis: towards
development of a common platform” attracted 87 attendees. Until now, 13 publications and
33 workshop or symposium presentations have been produced in relation to this project
(see list). Furthermore, and perhaps most importantly, WWW.PIC accessed through the
EcoTaxa web interface, now has over 275 million images of plankton and is being used by
scientists from over 350 organizations.

5-2 Synergistic effects of the joint research

The project was built as a collection of independent actions converging towards the same
goal, with each partner responsible for a few of the actions. Although some delays occurred
due to Covid-19, we were able to video conference and remotely access to work around
challenges. Taxonomic training sessions organised between partners with different
expertise improved the data quality of all groups as a result, as well as identifying new
functions for further software development in each of the teams, thereby making the whole
bigger than the sum of its parts. The International nature of the project and partners
facilitated our interactions with the Ocean Biogeographic Information System (OBIS) and the
World Register of Marine Species (WoRMS), also heightening awareness in their
organizations of plankton-specific challenges and opportunities.

5-3 Scientific, industrial or societal impacts/effects of the outputs

A Japanese company involved in Environmental Impact Assessments has adopted
our platform and workflow for processing quantitative plankton imagery, thereby provid
ing a direct positive economic effect for the associated stakeholders. Europe’s Blue-Cl
oud Project (https://blue-cloud.org/data-infrastructures), the overall objective of which is
to ultimately provide a core data service for the Digital Twin of the Ocean (https:/bl
ue-cloud.org/blue-cloud-contribution-eu-digital-twin-ocean), has accepted and federated
EcoTaxa (WWW.PIC) as one of its Blue Data Infrastructures, thereby enabling greater
scientific and societal impacts/effects. Our developed system was impressive enough
for a Chinese company to translate the entire interface into the Chinese language fo
r its users (http://www.ecotaxa.cn/), thereby facilitating international uptake of the infra
structure. Tools developed in the present project facilitated the preparation of an Envi
ronmental Impact Report on proposed deep-sea mining of polymetallic nodules in the
Clarion-Clipperton Zone (https://staticl.squarespace.com/static/611bf5elfae4204680165
6c0/t/62210c8a6a8450657d8da810/1646333170631/NORI-D+-+Collector+Test+EIS+-+FIN
AL+-+20022022_6.pdf). Japanese scientists have approached us about the possibility
of setting up/providing a stable, long term-maintained hub for WWW.PIC in Japan, hi
ghlighting the potential for further positive scientific, industrial and societal impacts/effe
cts if such a system could be set up and maintained (currently not funded).
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Irisson, J-O., Iversen, M.H., Kiko, R., Lindsay, D.J., Marcolin, C.R., McDonnell, A.MP., Mdller,
K.O., Passow, U., Trull, T. and Waite A.M. Sinking organic particles in the ocean - flux
estimates from in situ optical devices. Frontiers in Marine Science 6: 834, 2020. doi:
10.3389/fmars.2019.00834
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Verhaegen, G., Cimoli, E., & Lindsay, D. J. Life beneath the ice: jellyfish and ctenophores
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Kawaguchi, S., Lindsay, D.J., Loeb, V., Manno, C., Meyer, B., Pakhomov, E., Pinkerton,
M.H., Reiss, C., Richardson, K., Smith, W., Steinberg, D.K., Swadling, K.M., Tarling, G.A.,
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624692.
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Lindsay DJ, (2022) Imaging surveys of pelagic communities. in Report of the workshop on
enhancing image-based biodiversity assessments to advance deep-sea taxonomy.
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methods and preliminary results. 2019 KIOST International Symposium on Hydrothermal
Ecosystem and Indian Ocean. Busan, Korea, 4 November 2019.  (Guest/Invited Speaker)
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surrounding ocean: scientific frontiers and technical challenges, Noumea, New Caledonia,
France, 19 September 2019. (Guest/Invited Speaker)

Lindsay DJ, Smoot C, Collins AG, Hopcroft RR. The Cnidarian and Ctenophore fauna of the
Chukchi Sea, Arctic Ocean, in Summer 2016. 9th Hydrozoan Society Workshop, Shimoda,
Japan, 19-27 June 2019.

Lindsay DJ, Hidaka M, Sangekar M, Nishikawa J, Hopcroft RR, Thornton B, Yamamoto H,
Kawahito Y. Imaging techniques for surveys of gelatinous zooplankton: Holographs,
shadowgraphs, laser scanning and 3D reconstructions. 9th Hydrozoan Society Workshop,
Shimoda, Japan, 19-27 June 2019.
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Lindsay, DJ. (2021). Imaging surveys of pelagic communities - Image acquisition: needs and
requirements for biological image surveys and laboratory studies. International Seabed
Authority Workshop on Enhancing Image-based Biodiversity Assessments to Advance
Deep-Sea Taxonomy, 12 October 2021, Online.
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(2021). Dealing with Diversity: Data-driven unsupervised clustering on diverse deep-sea
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Lindsay D, Montenegro J, Bergman L, Sangekar M, Thuesen E, Bachtel T, Seid C, Rouse G,
Drazen J. Preliminary results from the first ROV survey of the midwater community in the
Clarion-Clipperton Zone. Ocean Sciences Meeting 2022. Online Everywhere (Hawai'i). 2
March 2022.

Verhaegen, G., Cimoli, E., Lindsay, D.J. (2022). Life beneath the ice: jellyfish and
ctenophores from the Ross Sea, Antarctica, with an image-based training set for machine
learning. 10th Scientific Committee on Antarctic Research (SCAR) Open Science
Conference. Online Everywhere (India), 9 August 2022

Sangekar, M., Friedman, A., Hidaka, M., Hosono, T., Lindsay, D.J. (2022) RESTful API
plugins for SquidJam - a video annotation ecosystem for multi-camera datasets. Fourth
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Lindsay, D.J., Sangekar, M.N. (2023) Remotely Operated Vehicle Survey System Design
and Development: from Alpha to Omega. ROV Development Workshop, KAUST, Saudi
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Long-term monitoring of pelagic biodiversity in the NE-Pacific: a new program based on
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Marine Imaging Workshop, Victoria, BC, Canada, 24-28 June 2019.
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Lindsay, D.J., Hidaka, M., Sangekar, M., Hosono, T., Matsuoka, D., Sugiyama, D., Friedman,
A., & Hopcroft, R. (2021). Deep Learning and Deep Arctic Jellies: a case study pipelining
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