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ABSTRACT
The restoration of the seagrass ecosystem is one of the solutions to address
the decline in the seagrass ecosystems worldwide. The restoration of seagrass
ecosystems using generative techniques has several advantages including
protecting seagrass diversity in nature. The use of seagrass seeds in ecosystem
restoration using generative techniques has several challenges including the
low survival rate due to the hydrodynamic activity and predation of seagrass

Keywor_ds: seeds. In this study, an attempt was made to use E. acoroides seeds from the
E.acoroides, . . .

. fruit to be planted in seagrass ecosystems with bamboo boxes for seed
Generative, . - . . . . .
Restoration pr_otect_lon. Seagras_s nurseries were car_rlgd out in Fhe field in two locations
Seanrass ' with different environmental characteristics. The first was a sand substrate,
Seeg ' while the second was a sandy mud substrate. The results showed that all the

seeds planted in the field grew at the start of planting. The survival rate of
seagrass seedlings produced in this study was better than previous studies that
carried out seagrass seeding directly in the field. Seagrass seeds planted in the
second location had better growth and morphometrics than the first station.
Based on the study's results, it was deduced that storing seagrass seeds in
boxes can be used as an alternative method for survival rate improvement in
the seagrass seedling process.
INTRODUCTION

Seagrass ecosystems are part of the coastal zone and have an essential
ecosystem service supporting life processes (Cullen-Unsworth et al., 2014). Some
marine organisms depend on seagrass ecosystems, such as fish, shellfish, gastropods and
dugongs. The ecosystem services of seagrass ecosystems include being a habitat for
marine biota, a provider of food sources, a source of blue carbon and other roles
(Kawaroe et al., 2016; Nugraha et al., 2019; Nugraha et al., 2021).

It was reported that the area of seagrass ecosystems globall continues to decrease
by 2.82% per year (Stankovic et al., 2021). One area that has the potential to have the
highest seagrass ecosystem area in the world is the Indonesian waters (Thorhaug et al.,
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2020). The area of seagrass ecosystems in several regions of Indonesia has decreased
(Unsworth et al., 2018). The increase in Indonesia's seagrass ecosystem threat is caused
by human activity around coastal waters. It impacts the sustainability of the surrounding
ecosystems. These activities include developing coastal areas, mining, capturing fisheries,
oil pollution and deforestation (Unsworth et al., 2018). Currently, seagrass ecosystems in
Indonesia are in a moderate status, requiring management efforts to maintain their
sustainability (Hernawan et al., 2021).

Several efforts have been exerted to address the decline in seagrass. Seagrass
ecosystem restoration is part of a nature-based solution to the problem of the decreasing
of seagrass ecosystem area (Rifai et al., 2022). One method of seagrass restoration that
has been extensively studied and practised is the transplantation technique (Orth et al.,
2006; van Katwijk et al., 2009). The seagrass transplantation technique moves seagrass
vegetative seedlings from donor areas to new habitat that have decreased in seagrass area
(Williams et al., 2017). Remarkably, restoring seagrass requires a large number of
seagrass vegetative seedlings; therefore, there are weaknesses in carrying out seagrass
restoration using seagrass transplantation techniques including reducing the number of
seagrass in the donor area. Hence, a recovery time is required for the donor area and
reducing seagrass genetic diversity (Williams & Orth, 1998; Orth et al., 2006; van
Katwijk et al., 2016).

Another technique that can be done to restore seagrass ecosystem is via using a
generative technique. This restoration method using generative (seedling) techniques will
not reduce the number of seagrasses in the donor area (Ambo-Rappe & Yasir, 2015;
Escandell-Westcott et al., 2023). This generative technique is carried out by utilizing the
potential of seagrass seeds. Furthermore, a seedling process is needed, which aims to
produce seeds that can be planted in the field to restore seagrass. One of the advantages
of the seagrass ecosystem restoration method with the generative technique is less
damaging for the seagrass donor site than taking adult plants (Orth et al., 2006; Ambo-
Rappe & Yasir, 2015).

In previous studies, efforts to use seagrass seeds in the restoration process began
with the seedling process in the laboratory. After being old enough, seeds would be ready
for planting in the field (Ambo-Rappe et al., 2019). The process of sowing seagrass
seedling in the laboratory requires several equipment, treatments, media and periodic
monitoring before the seeds can be planted properly in the field (Ambo-Rappe & Yasir,
2015; Li et al., 2021; Nugraha et al., 2022). Another research has been made by directly
spreading seeds in the field, but a low survival rate was recorded upon using this method
(Yu et al., 2019; Ambo-Rappe, 2022). Factors affecting the survival rate of seeds when
planted directly in the field include: predation by biota, hydrodynamics process and
buried sediment (Campbell, 2016; Ambo-Rappe, 2022). With the aim of planting seeds
directly in the field, yielding a reasonable survival rate, another effort is needed. In their
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study, Unsworth et al (2019) attempted to plant seagrass seeds directly in the field,
where the seeds were put in a fiber hessian bag, and they succeeded in increasing the seed
survival rate in the Z.marina restoration.

E. acoroides is a type of seagrass that belongs to the persistent seagrass group and
is generally found in the Indonesian waters (Kilminster et al., 2015; Hernawan et al.,
2021). This research examined the performance of the survival rate and growth of E.
acoroides seeds in the field by storing the seeds in bamboo boxes. It is worth noting that,
the Indonesians have a history related to the use of bamboo since bamboo is easy to find
and it grows in abundance in Indonesia (Sujarwo, 2018).

MATERIALS AND METHODS

1. Study site
This research was conducted in the seagrass ecosystem located on Dompak

Island, west of Bintan Island, Riau Islands. Two stations were selected for this study (Fig
1). The first is in the North of Dompak Island, facing Bintan Island. While, the 2" is in
the South of Dompak Island, facing the open ocean. The two stations in the current study
are seagrass ecosystems consisting of several species of seagrass and the habitat of E.
acoroides.

1047260'E 104727 10°E 10472820

Fig. 1. Research location

Based on the characteristics of the substrate at each station, the first station has
sandy mud substrate, and the second has gravel sandy substrate (Table 1). The water
temperature during the observation was in the range of 26- 28°C. The types of substrate
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found in both stations support seagrass life (Nugraha et al., 2022). Surface current
conditions in the second station generally tend to be stronger compared to the 1% station.

The seagrass seeds used in this study were gathered from a seagrass fruit growing
around the coast of Malang Rapat, Bintan Island. Ripe seagrass fruit was cut from the
stalk, and then the seeds were removed from the fruit. Seeds were cleaned and taken to
the research location to be planted.

2. Seedling process
Seagrass seeds samples cleaned were stored in bamboo boxes. The bamboo box

used in the present study had dimensions of 25 x 25 x 15cm. In each bamboo box, 30
seagrass seeds were placed (Fig. 2). The substrates used in the bamboo box were those
taken from each research location. There were two bamboo boxes at each study site, with
a total of 60 seagrass seeds under observation. The observation process was carried out
for 8 weeks. The parameters observed included the survival rate and growth of leaves and
roots. The observation process was carried out every two weeks.

Fig. 2. Seed of E. acoroides in bamboo box

3. Data analysis
Comparison of the survival rate and growth of seagrass seeds in each research

location was analyzed using the one-way ANOVA.
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RESULTS

Measurements of the survival rate were carried out to find how far seagrass seeds
can survive in their habitat. Based on 8- week observations, the survival rate of seagrass
seeds of E. acoroides in each study location was decreased (Fig 3). The survival rate of
seagrass seeds in the last week of observation in station 1 was 70%, and for station 2, it
was 43%. One-way ANOVA test results showed no significant difference in the survival
rates for the two study locations (P> 0.05)
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Fig. 3. Survival rate of seagrass seedling
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Fig. 4. Length of leaf seagrass seedling
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Fig. 5. Length of root seagrass seedling

The growth of leaves and roots of seagrass seeds continued to increase during the
observation process (Figs. 4, 5). The highest growth of leaves and roots was observed in
station 1. Based on the one-way ANOVA test, no significant difference was detected in
the growth of leaves and roots in the two stations (P> 0.05). Visually, the condition of

seagrass seeds during the observation process in each study location is presented in Table

).
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Table 2. Growth performance of E. acoroides seedling
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DISCUSSION

All seagrass seeds in the field underwent a germination process. This
indicates a good development of seagrass seeds. Several previous studies regarding
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seagrass restoration in subtropical areas using Zostera marina seeds showed a low
percentage of seeds that were germinated (Orth et al., 2008; Golden et al., 2010). The
survival rate decreased during the observation process, and several factors had a role in
this decrease, among which is the predation by marine biota. Ambo-Rappe (2022) stated
that some marine invertebrates are predators of seagrass seeds. The high nutritional
content and easy-to-digest properties of seagrass seeds make them much preferred by
marine biota; moreover, several types of predators prey on seagrass seeds including the
crustacean group (Orth et al., 2007). Beside predation, the substrate type affects seagrass
seeds' survival. Substrate conditions are related to wave exposure conditions. On the
other hand, water with fine substrate conditions has moderate wave exposure, providing a
good support for the life and growth of seagrass seeds. In this study, the survival rate was
high in locations with fine sand substrates. This finding is in line those of Balestri et al.
(2019) and Ambo-Rappe (2022) who recorded the highest survival rate in seagrass seeds
on fine substrate. Early life of seagrass seeds is a critical stage where seagrass seeds need
a substrate to settle and grow roots (Nugraha et al., 2022).

Seed survival rate in this study is higher compared to a previous study conducted
by Ambo-Rappe (2022) who detected a survival rate with a value below 10% on coarse
substrates and 70% on fine sand substrates on the 40" day of observation. Ambo-Rappe
and Yasir (2015) noted a seed survival rate below 40% on the 11" day of observation.
Both studies were carried out by spreading the seeds directly in the field. Planting Z.
marina seeds directly in field using the Buoy Developed Seeding (BuDS) method cannot
be determined to be successful since 99% of the seagrass seeds were lost (Govers et al.,
2022). Another study concerned with planting seagrass seeds using natural bio containers
showed that the restoration process is effective with a high survival rate (Balestri et al.,
2019). The use of hessian bags has given good results in seagrass restoration using Z.
marina seeds (Unsworth et al., 2019). The use of bamboo boxes in this research is very
useful in protecting seagrass seeds from hydrodynamic activity disturbances that occur.

The growth value of seagrass morphology continued to increase during the
observation process (Figs. 4, 5). This is due to the condition of seagrass, which is in the
early phase of life, where it is still in a fast growth phase. It is known that E. acoroides
seagrass belongs to the group of persistent seagrass species that have a long life span
(Kilminster et al., 2015). Environmental parameters influence the growth process of
seagrass seeds (Ambo-Rappe et al., 2019). The highest growth in leaves and roots was
found in station 1. Station 1 has a mixed mud substrate, which has a high organic matter
content compared to other types of substrate. The organic matter content in the aquatic
environment contributes to the growth process of seagrass seeds (Statton et al., 2013).
The morphometric growth of seagrass seeds is faster in waters with a high organic matter
content (Fraser et al., 2016; Nugraha et al., 2022). Compared to the research of Ambo-
Rappe and Yasir (2015), the growth of seagrass seeds in this study has a smaller growth
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size. Furthermore, it was deduced that, the size of seagrass seeds is among the factors
influencing growth (Glasby et al., 2015).

CONCLUSION

Overall, our study's results suggest that the bamboo box represents one
effective measure to safeguard seagrass seeds from hydrodynamic forces, predation, and
burial. According to our findings, utilizing bamboo boxes led to higher survival rates
compared to past studies where seagrass seeds were dispersed directly in the field. The
accessibility and simplicity of bamboo boxes render them a viable solution for
implementing seagrass layering through generative techniques.
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