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 Seagrass meadows contribute to coastal carbon sequestration 
through biomass accumulation in plant tissues and sediments. This 
study quantified dry seagrass biomass along the coast of Bahoi 
Village, North Sulawesi, using original field data collected in May 
2017. Three stations representing a mangrove-adjacent area, a 
seagrass meadow, and a coral-reef-adjacent area were selected 
purposively, with three replicate sampling units at each station. 
Seagrasses within 50 × 50 cm quadrat frames were collected, 
cleaned, oven-dried for 24 h, separated into leaves, rhizomes, and 
roots, and weighed. Six species were recorded. Enhalus acoroides 
had the highest mean biomass at all stations, reaching 75.7 g DW 
m−2 at Station 1, 68.9 g DW m−2 at Station 2, and 58.6 g DW m−2 at 
Station 3; Thalassia hemprichii reached 45.7 g DW m−2 at Station 2. 
Total biomass did not differ significantly among stations (p = 
0.379), whereas species-specific ANOVA detected differences for E. 
acoroides (p = 0.032) and Syringodium isoetifolium (p = 0.026). 
Large-bodied seagrasses contributed most strongly to standing 
biomass. The 2017 dataset provides a baseline for future 
assessment of biomass-related blue-carbon functions in Bahoi 
coastal habitats 

 
 

  

 
 
INTRODUCTION 
 
Climate change is intensifying pressure on marine and coastal ecosystems through warming, 
ocean acidification, and other interacting stressors (Birchenough et al., 2015; Dmuchowski et 
al., 2022; Khan et al., 2020). Vegetated coastal ecosystems are therefore increasingly 
recognized for their capacity to capture and retain organic carbon. Seagrass meadows are a 
central component of this blue-carbon framework because carbon is stored both in living 
tissues and, over longer periods, in associated sediments (Fourqurean et al., 2012; Kennedy et 
al., 2010). Quantifying plant biomass is consequently an important first step for understanding 
the standing biological component of carbon storage, although biomass alone should not be 
interpreted as the total ecosystem carbon stock. 
 
Beyond carbon sequestration, seagrass meadows provide habitat, nursery and feeding areas, 
sediment stabilization, and support for coastal fisheries and other ecosystem services. These 
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functions are increasingly considered in conservation and management assessments (Nordlund 
et al., 2018a, 2018b; Unsworth et al., 2019). At the same time, seagrass meadows face 
spatially variable pressures and have shown both long-term declines and localized recovery 
across global bioregions (Dunic et al., 2021; McKenzie et al., 2020). Recent studies also 
emphasize that seagrass ecosystem services and vulnerability are strongly context dependent, 
requiring locally grounded measurements of meadow condition and function (Herrera et al., 
2022; Kaewsrikhaw et al., 2022; Nguyen et al., 2022). 
 
In tropical seagrass systems, standing biomass varies among species because leaf size, 
rhizome development, root architecture, growth form, and local habitat conditions influence 
the amount of plant material retained above and below the sediment. Indonesian seagrass 
research has documented variability in meadow structure and associated ecological 
communities (Fahruddin et al., 2017; Latuconsina et al., 2014), as well as biomass and 
carbon-related attributes among species and sites (Analuddin et al., 2023; Gunawan et al., 
2019; Hartati et al., 2017), while work on Enhalus acoroides demonstrates the importance of 
large below-ground structures to plant biomass and persistence (Supriadi & Arifin, 2005). 
Experimental evidence further shows that the growth and physiology of E. acoroides can vary 
with environmental conditions (Artika et al., 2020). At broader tropical scales, seagrass carbon 
storage is also shaped by plant–sediment processes and landscape setting (Gullström et al., 
2018). In Bahoi Village, previous surveys reported high seagrass cover and a diverse meadow 
structure (Fahruddin et al., 2017), and more recent Indonesian studies continue to 
demonstrate strong spatial variability in seagrass composition and density (Fahruddin et al., 
2024; Fifianingrum et al., 2020). 
 
Against this background, the present study was designed to provide a quantitative assessment 
of seagrass biomass along the coast of Bahoi Village, West Likupang Subdistrict, North 
Sulawesi. Specifically, the study aimed to determine the dry biomass of seagrass tissues by 
considering both above-substrate components, represented primarily by leaves, and below-
substrate components, including roots and rhizomes. Measurements were conducted at three 
sampling stations representing different coastal habitat settings to capture potential spatial 
variation in seagrass biomass. In addition to estimating total biomass at each station, the 
study also sought to compare biomass values among the three stations and among the 
seagrass species recorded during sampling. Through these comparisons, the study was 
intended to identify differences in biomass contribution across species and habitat settings and 
to provide a clearer description of the spatial pattern of seagrass standing biomass in the 
coastal waters of Bahoi Village. 
 
MATERIAL AND METHODS 
 
Study site. Field sampling was conducted in May 2017 along the coast of Bahoi Village, West 
Likupang Subdistrict, North Minahasa Regency, North Sulawesi, Indonesia (Figure 1). Three 
observation stations represented different coastal-habitat settings: Station 1 was positioned 
near the mangrove habitat, Station 2 within the seagrass meadow, and Station 3 near the 
coral reef area. 
 
Tools and materials. Field and laboratory equipment comprised 50 × 50 cm PVC quadrat 
frames, a trowel, dissolved oxygen meter, thermometer, handheld refractometer, writing 
materials, snorkeling gear, a laboratory balance, and a drying oven. 
 
Sampling method. Purposive sampling was employed to select the three stations. Three 
replicate sampling units were examined at each station (n = 3), resulting in nine sampling 
units overall. Within each 50 × 50 cm quadrat, seagrass plants were carefully excavated with a 
trowel to retain the leaves, rhizomes, and roots. The samples were then rinsed with freshwater 
to remove sediment and attached epiphytes, transported to the laboratory, oven-dried for 24 
h, separated into leaf, rhizome, and root components, and weighed. An identical sampling and 
processing protocol was used at all three stations. 
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Figure 1. Study site and sampling stations along the coast of Bahoi Village, North Sulawesi, Indonesia 

 
Data analysis. Dry biomass was expressed as B = W/A, where B is biomass (g DW m−2), W is 
dry mass (g), and A is sampled area (m²), following the general approach of Zieman and 
Wetzel (1980). Means and standard deviations were calculated from the three replicate 
sampling units per station. Overall differences among stations were evaluated using one-way 
ANOVA on total dry biomass per replicate (p = 0.379). Species-specific one-way ANOVAs were 
then used to compare each seagrass species among stations. The significance threshold was 
set at p < 0.05. 
 
RESULTS AND DISCUSSION 
 
Seagrass biomass. Six seagrass species were recorded: Enhalus acoroides, Thalassia 
hemprichii, Cymodocea rotundata, Syringodium isoetifolium, Halophila ovalis, and Halodule 
uninervis. Mean total dry biomass was 121.4 ± 23.5 g DW m−2 at Station 1, 132.6 ± 5.2 g DW 
m−2 at Station 2, and 106.9 ± 26.9 g DW m−2 at Station 3. Total biomass did not differ 
significantly among stations (F (2, 6) = 1.146, p = 0.379). Enhalus acoroides had the highest 
mean biomass at all stations, reaching 75.7 g DW m−2 at Station 1, 68.9 g DW m−2 at Station 
2, and 58.6 g DW m−2 at Station 3 (Figure 2). 
 

 
Figure 2. Mean dry biomass of six seagrass species at the three observation stations (g DW m−2; mean 

± SD, n = 3 per station). Error bars show one standard deviation. 
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Thalassia hemprichii also contributed substantial biomass, with its highest mean at Station 2 
(45.7 g DW m−2). Species-specific ANOVA detected significant station effects for E. acoroides 
(F (2, 6) = 6.436, p = 0.032) and S. isoetifolium (F (2, 6) = 7.161, p = 0.026). No significant 
station effect was detected for T. hemprichii (p = 0.310), C. rotundata (p = 0.421), H. ovalis 
(p = 0.995), or H. uninervis (p = 0.409). All biomass values are reported consistently on a 
dry-weight basis. 
 
The strong contribution of Enhalus acoroides and Thalassia hemprichii is consistent with their 
relatively large plant morphology. Large leaves and extensive below-ground rhizome and root 
systems increase standing dry mass, and below-ground biomass can also support anchorage 
and carbohydrate storage (Alcoverro et al., 2001; Supriadi & Arifin, 2005). Comparable 
Indonesian studies have reported substantial biomass and carbon-related contributions from 
large-bodied seagrasses (Gunawan et al., 2019; Hartati et al., 2017). For E. acoroides 
specifically, environmental conditions can modify growth and physiological performance (Artika 
et al., 2020), which may help explain spatial differences among sites in addition to intrinsic 
species morphology. 
 
Biomass should nevertheless be interpreted as one component of the broader blue-carbon 
function of a meadow. Long-term carbon storage also depends on sediment accumulation, 
organic-matter preservation, carbonate dynamics, and landscape context (Fourqurean et al., 
2012; Gullström et al., 2018; Kennedy et al., 2010). The comparatively low standing biomass 
of smaller species in this dataset may reflect a combination of morphology and local habitat 
conditions, but tidal currents and wave exposure were not measured directly; therefore, they 
should not be treated as demonstrated causal drivers. Global and regional evidence shows that 
seagrass condition can change through time in response to multiple stressors (Dunic et al., 
2021; McKenzie et al., 2020; Strydom et al., 2020; Unsworth et al., 2019). Accordingly, 
because the present measurements were collected in 2017, they are best interpreted as a 
historical baseline for Bahoi rather than as an estimate of current meadow condition. 
 
CONCLUSION 
 
Six seagrass species were identified along the coast of Bahoi Village. Across the three sampling 
stations, Enhalus acoroides contributed the greatest proportion of dry biomass, while Thalassia 
hemprichii also accounted for a substantial share, especially at Station 2. Although total dry 
biomass showed no significant differences among stations, significant spatial variation was 
detected for E. acoroides and Syringodium isoetifolium. Since biomass estimates included both 
above-ground tissues, primarily leaves, and below-ground components such as roots and 
rhizomes, the findings emphasize the important contribution of large-bodied seagrasses to 
overall standing biomass and their potential role in blue-carbon-related functions. The 2017 
dataset also serves as a valuable baseline for future monitoring and temporal comparisons of 
the seagrass meadows in Bahoi. 
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