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Evaluation of Seaweed Beds Restoration Using Vivary™ Unit and Future Initiatives
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Abstract

Application of the Vivary™ Unit produced by Nippon Steel Corporation, a steel-slag-derived
fertilizer, has been evaluated through long-term seaweed bed restoration projects conducted in
Mashike, Hokkaido, and Shima, Mie Prefecture. In Mashike, the establishment and expansion of
Saccharina japonica—dominated beds were observed, although recent elevation in seawater tempera-
ture has contributed to their decline. In Shima, feeding damage by herbivorous fish was identified
as the primary limiting factor, and the effectiveness of protective caging was verified. As coastal
environments have undergone substantial change, enhancing fertilization precision, integrating
mitigation measures against feeding damage, and advancing technologies that contribute to blue
carbon generation are critical for both steel by-product utilization and CO, reduction. Leveraging
our established analytical and evaluation technologies, we aim to further develop marine science
and technology research and contribute to creation of environmental value and improvement of
long-term business sustainability.
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Achievement of J Blue Credit™ certification

Certified credit volume

Demonstration Site

A f d bed:
fea of seaweed beds Steel slag products

[t-CO,] [ha]
2022 Hokkaido Mashike 495 34 Vivary™ Unit
(2018~, for five years)

Hokkaido Mashike 12.2 19.6 Vivary™ Unit

2023 Hokkaido Tomari 8.5 8.4 Vivary™ Unit
Chiba Prefecture Kimitsu 12.6 4.7 Calcia reformed soil, Vivary™ Rock

Hokkaido Mashike 1.1 2.4 Vivary™ Unit

2024 Hokkaido Shikabe 1.0 1.3 Vivary™ Unit

Hokkaido Mori 0.4 0.2 Vivary™ Unit
Chiba Prefecture Kimitsu 2.4 4.0 Calcia reformed soil, Vivary™ Rock

Total 87.7
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Changes in the seaweed beds on the coast of Betsukari,
Mashike, Hokkaido from 2015 to 2024
Red double-headed arrow; the area embedded with a 45
t Vivary™ Unit.
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Changes in the seaweed beds area and average water
temperature in Aug. from 2018 to 2024

Black bars; area of S. japonica, gray bars; area of seaweeds
excluding S. japonica, gray filled circles with white border;
average water temperature in August, white dashed line;
growth inhibition temperature of S. japonica sporophyte.
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Water temperature at Shima from 2014 to 2025
Black line; monthly average water temperature, gray line;
the upper temperature limit for growth of E. cava sporophyte.
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Images of the cage installation experiment (a, b; May 2025,
c, d; Oct. 2025)
a; cage immediately after installation, b, c; E. bicyclis on the
artificial rock of the inside the cage 1, d; fish grazing marks
(arrows) on the artificial rock of the outside the cage 1.
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