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Improvement of seagrass restoration techniques for
corbon sequestration

Abstract
1. Experiments on seagrass restoration techniques

After 50 days of transplantation, the control group exhibited a coverage of 5.5+2.3%
and a detachment rate of 73.3+12.2%, indicating considerable plant loss during the
early stages of transplantation, which contributed to inefficiencies in both labor and
plant utilization. The "shading group" and "pruning + shading group" effectively
reduced disturbances from biological activity and hydrodynamic forces, resulting in
significantly lower detachment rates and higher coverage. In contrast, the "pruning
group" did not sufficiently mitigate these disturbances, with detachment and coverage
rates similar to those observed in the control group.

Seedlings of Thalassia hemprichii were raised from seeds collected during the
ripening stage of fruits in early April 2013. Totally about 600 fruits were collected
within one hour by one person, and about 2,000 seeds can be harvested in three hours.
The culture substrate was applied with fine sand collected from the beach near
seagrass meadow as the control group, and the same sand added with artificial
fertilizer as the experimental group. Seedlings were cultured in indoor tanks with
artificial light and outdoor tanks with natural light respectively. The results showed
that either leaf or root length with fertilization treatment are significant higher than
those without fertilization regardless of outdoor or indoor cultivation. The average
root and leaf length of 7. hemprichii seedling are 19.91 £4.56 cm and 7.16 = 1.15 cm
in outdoor tank with fertilization treatment greater than those 8.33 +3.19 cm and 4.11
+ 0.86 cm without fertilization respectively; the root and leaf length of T hemprichii
are 12.31+ 3.15 cm and 7.02+ 1.86 cm in indoor tank with fertilization treatment
greater than those 7.734+ 1.50 cm and 4.48+ 1.26 cm without fertilizer (n=10 from
each group, two sample t-test, p<0.001).After 7 months of culture in the outdoor tank
with fertilization, average rhizome length seagrass seedlings (n=10) is 3.75+ 3.08 cm
with average 3.2+ 1.3 aboveground erect leaf shoots. The best seedling culture can be
achieved by applying appropriate amounts of fertilizer outdoors under natural light.

2. Comparison of carbon sequestration potential in seagrass beds of varying ages
The composition of seagrass species restored in Tongliang is similar to the results of
baseline survey in the Tongliang seagrass restoration area, comprising Halodule
uninervis(63.2%) Halophila ovalis(27.3%), and Nanozostera japonica(9.5%). The
average seagrass coverage rate was 44.1+14.4%, also comparable to the baseline
survey findings. The canopy heights of the two seagrass morphotypes, linear-leaved
species (Halodule uninervis and Nanozostera japonica) and oval-leaved species
(Halophila ovalis), were 8.0£0.3 cm and 2.3+0.1 cm, respectively. These heights
exhibited seasonal variation influenced by biological disturbances, such as fish
grazing frequency. The mean density of restored seagrass plants was 30.3+18.3
individuals per 100 cm?. In the restored area, the occurrence rates of Halophila ovalis,
Halodule uninervis, and Nanozostera japonica were 94.4%, 97.2%, and 36.1%,
respectively, compared to those in baseline of 60.0%, 56.7%, and 26.7%. These
findings suggest a greater proportion of mixed seagrass species in the restored
seagrass beds relative to natural seagrass beds, potentially enhancing the resilience
and ecological stability of the restored seagrass ecosystem.

The seagrass carbon sequestration survey was conducted in late spring (mid-April).



Across 36 sampling plots, the total above-ground biomass of seagrass was measured
at 14.15 g, while the total below-ground biomass was 48.97 g, resulting in an overall
root-to-shoot ratio (below-ground/above-ground biomass) of 3.461. The mean
root-to-shoot ratios for Halodule uninervis and Halophila ovalis were calculated as
3.797 and 2.685, respectively.

The carbon sequestration survey of seagrass bed sediments, based on analysis from
two sampled stations, revealed a slight reducing trend in total organic carbon (TOC)
content with depth. The results for total inorganic carbon (TIC) were opposite with
TOC, showing a gradual increase with depth and highly similar composition at each
depth. This indicates that the sediment composition in the restored seagrass beds is
predominantly characterized by calcium carbonate-based inorganic carbon. The TOC
profiles at both stations were notably similar, with higher organic carbon
concentrations in the surface layers that declined with depth. Compared to bare sand
areas, the TOC concentrations in the restored seagrass bed stations were
approximately 1-2 times higher, suggesting that the restored seagrass beds to some
extent contribute to organic carbon burial.

Monitoring of seawater carbon chemistry in the seagrass restoration area during April
revealed a daytime decline in partial pressure of carbon dioxide (pCO:) due to
photosynthesis, followed by an increase at night when photosynthesis ceased. The
two-day diurnal average pCO. was 404.8 patm, lower than the global atmospheric
CO: concentration during the same period (416.2 patm), indicating that the area
functioned as a carbon sink during the observation period. In September, the pCO:
trends were similar to those observed in April. However, the two-day average pCO: in
September was 533.1 patm, significantly higher than the global atmospheric average
of 422 patm, suggesting that the monitored area acted as a net carbon source during
this period.

3. Seagrass restoration
During the period from June to August 2024, a total area of 100 m? of seagrass was
transplanted as part of this project in the Tongliang seagrass restoration area.

4. Encouraging enterprises to participate in seagrass restoration

This project collaborated with private enterprises, including CTBC Financial Holding
Co., Ltd. and Taiwan Cooperative Bank, to sign two ESG agreements related to
seagrass restoration. A total of 10 events were organized, which included the
transplantation of 10,000 seagrass plants covering an area of 100 m?, the release of
50,000 juvenile blue crabs (Portunus pelagicus) and experience activities of
traditional fishing techniques for clams and shrimps , with 3,512 participants engaged.
These efforts were widely covered by major media outlets. Furthermore, the project
also contributed to the revitalization of underutilized fishing harbors by incorporating
seagrass restoration areas as fields for ESG initiatives, thereby enhancing fishery
resources and promoting sustainable fisheries.

Keywords: Seagrass restoration, carbon sequestration enhancement, “Environmental
protection, Social responsibility, and corporate Governance (ESG)”
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5 50-100%(75.00%) a 75.00 a
4 25-50%(37.50%) b 37.50b
3 12.5-25%(18.75%) c 1875 ¢
2 6.25-12.5%(9.38%) d 9.38d
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6/20 1,000
6/28 3,000
7/29 3,000
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