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ABSTRACT

        Maintaining and enhancing blue carbon sinks have become an emerging priority to mitigate 

climate change. This study aims to assess the carbon sinks of coastal blue carbon ecosystems in 

Taiwan by collecting published journal papers, grey literature, and research reports to inventory 

the carbon sequestration and stock of the major coastal blue carbon ecosystems, including

mangroves, seagrass beds, and salt marshes. The total area of salt marshes in Taiwan is 188 ha, of 

which the exotic species Spartina alterniflora in Kinmen accounts for 68� of the total. The largest 

area of coastal blue carbon systems in Taiwan is 5481 ha for seagrass beds, of which 5420 ha are 

distributed in Dongsha Island. Mangroves cover 681 ha. The carbon sequestration and stock of the 

representative species of salt marshes are 3.45~24.33 Mg C ha-1 yr-1 and 53.26~91.89 Mg C ha-1, 

respectively. The carbon sequestration and stock of the representative species of dominant 

intertidal seagrasses are 2.93~6.22 Mg C ha-1 yr-1 and 8.91~10.50 Mg C ha-1, respectively. The 

carbon sequestration and stock of subtidal seagrasses in Dongsha Island are 14.73 Mg C ha-1 yr-1 

and 26.38 Mg C ha-1. The carbon sequestration and stock of mangrove species are 12.81~25.07 

Mg C ha-1 yr-1and 134.50~292.23 Mg C ha-1. Based on the distribution area of each species, the 

total carbon sequestration capacity is 3,661 Mg C yr-1 for salt marshes, 80,619 Mg C yr-1 for 

seagrass beds, and 11,183 Mg C yr-1 for mangroves. The total carbon stock is 16,000 Mg C for salt 

marshes, 144,444 Mg C for seagrass beds, and 181,560 Mg C for mangroves. Combining the three 

blue carbon ecosystems, the total carbon sequestration capacity and stock is 95,463 Mg C yr-1 or 

350,030 Mg CO2 yr-1 in Taiwan. Further actions are suggested to reduce the uncertainty in the 

carbon sinks of coastal blue carbon ecosystems in Taiwan.
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    The data collection method for information related to the carbon sequestration in the coastal blue 
ecosystems of Taiwan involved searching information on the Web of Science database or using the Google 
Scholar search engine to find international SCI journal published research, accessing the Taiwan PhD and 
Master's Thesis Value-added System (https://ndltd.ncl.edu.tw/) to find master's and doctoral theses that have 
been published in major colleges and universities in Taiwan, using the Government Research Information 
System (https://www.grb.gov.tw/) to find research reports commissioned by central and local government

2 DATA COLLECTION METHOD

       Carbon sink is defined as the continued separation of greenhouse gases (GHGs), mainly CO2, CH4 and
N2O, from the atmosphere or other emission units, which are then stored in trees, forests, soil, oceans or 
facilities. Natural ecosystems can absorb atmospheric CO2 via photosynthesis, which is then fixed into plant 
tissue and soil. Natural carbon sinks can be qualified as Nationally Determined Contributions (NDCs) for the 
COP21 (the 21st Conference of the Parties to the United Nations Framework Convention on Climate Change, 
UNFCCC), which is a national climate action plan to cut emissions and adapt to the impacts of climate change 
(https://unfccc.int/event/cop-21). Each party of the Paris Agreement (Article 4, paragraph 2) is required to 
establish NDCs and update them every five years. Natural carbon sinks can offset the GHG emissions and help
countries reach their carbon neutrality goal (net zero emissions) by 2050, including Taiwan.

    Oceans, soil, and forests are the main natural carbon sinks on Earth. Compared with the carbon 
sequestration of forests, the carbon sequestration of oceans and soil in Taiwan has received much less attention. 
Coastal blue carbon mainly refers to organic carbon stored in mangroves, tidal salt marshes, and seagrass beds 
(Mcleod et al., 2011). The sediment of coastal blue carbon systems is characterized by long-term anaerobic 
conditions, thereby slowing down the decomposition of soil organic carbon, which can result in substantial 
carbon storage (Chmura et al., 2003). In addition, the high productivity of coastal blue carbon vegetation results 
in a large number of dead leaves and roots buried in the soil (Mcleod et al., 2011), thus forming a huge carbon 
stock.

        Mangroves refer to habitats of trees and shrubs that grow in the intertidal zone, where the environmental
topography is generally above mean sea level. Salt marshes refer to salty water coastal areas that are regularly 
flooded by tides, where salt-tolerant plants densely grow, including herbaceous plants, meadows or low-lying 
shrubland. Seagrass beds are the habitats of submerged flowering plants, all belonging to the order Alismatales, 
which grow in a completely halophytic environment of the subtidal zone (Howard et al., 2014). Mangroves 
were mainly distributed in the tropics. Salt marshes are mainly distributed in temperate to polar zones. 
Seagrasses have the most extensive global distribution and area of the three, spanning tropical and temperate 
regions (Davidson et al., 2019).

        Coastal blue carbon ecosystems are also well known hot spots of marine biodiversity. These systems can
provide the ecosystem service of carbon sequestration, which can offer carbon credits for GHG emission 
allowance and offset projects (Kuwae et al., 2022). Conservation of blue carbon ecosystems is a win-win 
strategy for business and nature, which is a nature-based solution (NbS) to simultaneously protect biodiversity 
and mitigate GHG emissions advocated by the United Nations Biodiversity Conference (COP15) in 2022 
(https://www.unep.org/un-biodiversity-conference-cop-15). The objectives of this study are to (1) compile the 
results of coastal blue carbon sequestration-related studies by searching for published journals and grey 
literature in Taiwan, (2) inventory the carbon sequestration data of coastal blue carbon ecosystems, and (3) put 
forward further work suggestions.

1 INTRODUCTION
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3 MANGROVES

agencies in the past, and compiling data on carbon sequestration and stock in Taiwan's coastal blue carbon 
systems such as mangroves, seagrass beds, and salt marshes.

        Mangroves in a broad sense include true mangroves (salt-tolerant woody plants that grow in the intertidal
zone of estuaries) and mangrove associates (salt-tolerant herbs, vines, and shrubs that grow on the edges of 
mangroves) (Rivera-Monroy et al., 2017). True mangroves can be subdivided into minor mangroves that cannot 
form pure forests in the intertidal zone, as well as major mangroves that are fully adapted to tidal inundation, 
such as with specialized salt secretion mechanisms, viviparous seedlings, and supporting roots (Polidoro et al., 
2010). Due to differences in anaerobic conditions in habitats and the formation of pure forest ecosystems, blue 
carbon assessments are dominated by predominant mangrove forests (Howard et al., 2014). For academic 
purposes, this study refers to the main mangrove plant ecosystem as mangrove forests in the narrow sense.

      Lin et al. (2019) surveyed the distribution area and species composition of major mangrove forests in
Taiwan. Mangroves are the most widely distributed of the three major coastal blue carbon ecosystems in Taiwan, 
mainly found along the western coast, and the northernmost extends from the mouth of the Tamsui River to the 
south of Dapang Bay, Pingtung (Lin et al., 2019). The mangrove area is bounded by Da'an in Taichung, 
Avicennia marina in the south, Kandelia obovata in the north, and Lumnitzera racemosa and Rhizophora stylosa 
is sporadically distributed along the coast south of Chiayi. The area of mangrove forests in Taiwan increased 
from 178 ha to 586 ha between 1976 and 2011 (Wang et al., 2015), and Lin et al. (2019) noted that the total area 
is at least 681 ha. However, the increase in mangrove area in Taiwan is mostly caused by anthropogenic planting 
and the subsequent expansion (Wester & Lee, 1992); overgrown mangroves may lead to mosquito breeding and 
flooding (Shih et al., 2015), and even lead to reduction in carbon sequestration (Ho et al., 2017), biodiversity 
(Pan et al., 2021), and GHG emissions (Lin et al., 2021a). Therefore, the distribution area of mangroves in 
Taiwan will change with the expansion or deforestation of mangroves (Lin et al. 2019).

4 SEAGRASS BEDS

        Seagrass is a submerged vascular plant living in shallow coastal waters, which can be divided into P-type
(persistent species) with strong tissue toughness, larger plant size, and strong anti-interference ability, as well 
as C-type (colonizing species) with poor tissue toughness, smaller plant size, and strong resilience, and O-type 
(opportunistic species) according to the life history of seagrass species (Kilminster et al., 2015). In general, the 
P-type or persistent seagrass belongs to the species of late succession, whereas the C-type and O-type seagrasses 
are early succession species. According to Nordlund et al. (2016), seagrass species of the same genus or 
individual types may have similar ecological services and functions. Seagrass habitats can also be divided into 
two sediment types: sand and mud (Lin et al., 2019).

         Seagrass beds occupy the largest area of Taiwan's three major coastal blue carbon ecosystems, but most of
the area (99�) is located around Dongsha Island and Atoll. The rest are recorded on the islands of Taiwan but 
are small (< 1 ha) in area. At present, as many as 12 species of seagrass are known to exist in Taiwan (Ko, 2004; 
Lin et al., 2005; Liu et al., 2018), representing about 1/6 of the world's seagrass species. Lin & Chen (2019a) 
surveyed the distribution area and species composition of major seagrasses in Taiwan, including Halophila 
beccarii, H. depcipiens, H. ovalis, H. major, Thalassia hemprichii, Cymodocea rotundata, C. serrulata, 
Syringodium isoetifolium, Thalassiodendron ciliatum, Halodule pinifolia, H. uninervis and Zostera japonica. 
Taiwan's seagrass is mainly distributed in the mudflats or sand flats covered by shallow seawater on the west 
coast of Taiwan, Hengchun Peninsula, and neighboring islands (Lin & Chen, 2019a). The species in the islands 
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5 SALT MARSHES

of Taiwan are H. beccarii, H. ovalis, T. hemprichii, H. pinifolia, H. uninervis and Z. japonica, while others are
subtidal seagrasses that are only distributed in Dongsha Island and Atoll or only occur at water depths below 1 
m (Lin & Chen, 2019a). Among them, H. beccarii is a "vulnerable" species according to the International Union 
for Conservation of Nature (IUCN) that grows only in intertidal mudflats (Short et al., 2010).

      Salt marshes can be divided into tidal salt marshes and inland salt marshes depending on the extent of
seawater exchange. The former are stable relative to inland salt marshes lacking tides due to periodic tidal 
incidence that can take away the accumulated salt in the surface soil (Jørgensen, 2009), which is the main coastal 
blue carbon system. According to the survey of marshes in Taiwan conducted by Ye (2005), there are 173 marsh 
species belonging to 50 families, most of which are Poaceae, Asteraceae, and Cyperaceae. Paspalum vaginatum 
and Phragmites vallatoria are the most dominant marsh species. Among them, however, there are not many 
tidal salt marsh species that meet the criteria of "can form a certain population in tidal affected areas and provide 
carbon sequestration capacity." According to Lin (2022), the most dominant species of tidal salt marshes in 
Taiwan are monocotyledonous herbs such as Bolboschoenus planiculmis, Phragmites australis, Sporobolus 
virginicus and Spartina alterniflora. Among them, the native species Bolboschoenus planiculmis is an important 
protected species in the Gaomei Wetlands in Taichung, while Spartina alterniflora is an invasive alien species 
drifting across the sea along the coast of China (Lin & Chen, 2019b).

       The assessment of ecosystem carbon sinks can be carried out from two aspects: dynamic carbon fluxes 
and static carbon stocks. The former aims to subtract carbon output from net primary production and soil 
respiration (i.e., GHG emissions) to obtain carbon sequestration within the entire system, reflecting the rate of 
organic carbon accumulation in plants and soils; the latter measures the amount of organic carbon in plants and 
soils to quantify the existing carbon pool within ecosystems.

        The  carbon budgets of mangroves and seagrass beds (Li et al., 2018; Huang et al., 2015; Zou et al. 2021)
were integrated into the conceptual model of carbon budgets for the three major coastal blue carbon systems 
(Figure 1). The net carbon uptake by blue-carbon vegetation through photosynthesis is allocated to aboveground 
and belowground production, which is generally the main source for carbon sinks (Li et al., 2018; Huang et al., 
2015). In terms of carbon output, GHG emissions have a direct impact on the atmosphere. Static carbon stocks 
can directly reflect the existing organic carbon pool within blue carbon systems, so plant tissues and soil carbon 
pools are also included in these carbon budgets.

         The absorption of carbon dioxide via plant photosynthesis and GHG emissions by the soil or through plants
are the pathways through which carbon is directly exchanged with the atmosphere. Other carbon inputs or 
outputs are considered as lateral transport (Li et al., 2018; Huang et al., 2015). Laterally transported carbon 
include litter, debris, particulate organic carbon (POC) and dissolved organic (DOC) and inorganic carbon 
(DIC), which are closely related to hydrological conditions. Some of the imported carbon is decomposed and 
converted into GHGs by microorganisms, some is deposited into the soil as carbon burial, and the rest is 
expored with tides or currents.
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Figure 1. Conceptual model of carbon gain and loss in coastal blue carbon ecosystems.

      According to the 2013 Supplement to the IPCC Guidelines for National Greenhouse Gas Inventories:
Wetlands (IPCC, 2014), the accuracy level of carbon sink estimation is divided from low to high, i.e., Tier 1: 
using the emission factors preset by the IPCC for estimation; Tier 2: country-specific key factor parameters and 
the use of country-specific or location-specific data; Tier 3: obtained through direct measurements in the field 
or model estimation. Detailed verification, timed replicates or model calculations of major carbon pools are 
frequently used to assess the changes in carbon pool and flux in a region. In this study, the quantification of 
carbon sequestration capacity of the coastal blue ecosystems in Taiwan can be divided into two steps: (1) 
researching relevant literature to establish the emission factors of the representative species of three blue carbon 
ecosystems in Taiwan. The accuracy of the carbon emission factors belongs to Tier 2 or Tier 3; (2) assessing the 
total carbon sequestration capacity of the coastal blue carbon systems by multiplying the emission factors of 
the representative species with the distribution area or activity data of each blue carbon system. The accuracy 
of the activity data belongs to Tier 2.

      The calculation methods of carbon sequestration can be divided into three types: (1) the carbon pool 
difference method, where the carbon stock at two different time points is determined and the change is supposed 
to result from carbon loss such as GHG emissions, which is a Tier 3 estimate; (2) the gain and loss method,
which is based on the emission factors of scientific literature or country-specific data, resulting in Tier 1 or Tier 
2 data; and (3) the flux method, where an estimate is derived from direct measurements or modeling of the GHG 
emissions between soil and vegetation or atmosphere and water bodies, which can obtain Tier 2 or Tier 3 data. 
In this study, the methods used for different blue carbon ecosystems are as follows: applying the carbon pool 
difference method to estimate vegetation carbon sequestration and soil carbon burial for salt marshes and 
seagrass beds, and integrating the flux method and gain and loss method to estimate mangrove vegetation carbon 
sequestration and decomposition in the soil carbon pool, respectively.

    The carbon sequestration capacity of coastal blue carbon systems was estimated by summing the 
vegetation carbon sequestration (Mg C ha-1 yr-1) and soil carbon burial rate (Mg C ha-1 yr-1) (Equation 1). The 
soil carbon burial rate is a direct measurement of the change of soil carbon stock or the contribution of 
decomposed plant litter and dead roots to the soil carbon pool, which covers the results of autogenous carbon 
input and decomposition carbon loss (e.g., GHG emissions). This can better represent the carbon sequestration 



Assessing Coastal Blue Carbon Sinks in Taiwan

6

Marine Research of the National Academy of Marine Research
DOI: 10.29677/MR.202312_3(2).0001

7 DISTRIBUTION OF COASTAL BLUE CARBON 
ECOSYSTEMS IN TAIWAN

capacity on a long-time scale. The soil carbon burial rate in salt marshes and seagrass beds was estimated by the 
change of soil carbon stock in the top 30 cm layer (Huang et al., 2015; Chen & Lin, 2022) because the soil 
carbon pool below 30 cm is generally less affected by the autogenous carbon input. The soil carbon burial rate 
in mangroves was estimated by the contribution of decomposed aboveground and belowground litter to the soil 
carbon pool (Li et al., 2018; Chou et al., 2022). In terms of carbon storage (Mg C ha-1), the carbon stock of the 
aboveground and belowground parts of the plant tissue, as well as the soil carbon stock, was added as shown in 
Equation (2) (3). Then, the carbon sequestration capacity and carbon stock of the representation species were 
multiplied by their distribution area and then added up to obtain the carbon sequestration rate (Mg C yr-1) and 
carbon stock (Mg C) of the coastal blue carbon ecosystems in Taiwan, as detailed in Equation (4) and (5).

Carbon sequestration capacity (Mg C ha-1 yr-1)

= Carbon sequestration rate in plant tissue + Carbon burial rate in soil

= Change in the carbon stock of aboveground and belowground parts + Change in soil carbon stock

(1)

Carbon stock of species (Mg C ha-1)

= [Aboveground biomass(g DW m-2) × Aboveground carbon content (C �) + Belowground biomass (g DW 

m-2) × Belowground carbon content  (C �) + Soil organic carbon stock (g C m-2)] × 104(m2 ha-1)×10-6(Mg g-1) 

(2)

Soil organic carbon stock(Mg C ha-1) in a meter deep

= Σ Soil organic carbon stock in different layers (e.g.,0-10 cm,10-20 cm and 20-30 cm deep) (g C  

m-2)×104(m2 ha-1)×10-6(Mg g-1) 

(3)

Carbon sequestration capacity of coastal blue carbon ecosystems in Taiwan (Mg C yr-1) 

= Σ Carbon sequestration capacity of each representative species of coastal blue carbon ecosystems (Mg C

ha-1 yr-1) × the area of each species in Taiwan (ha)

(4)

Carbon stock of coastal blue carbon ecosystems in Taiwan (Mg C yr-1)

= Σ Carbon stock of each representative species of coastal blue carbon ecosystems (Mg C ha-1 

yr-1) × the area of each species in Taiwan (ha)

(5)

        The distribution area of coastal blue carbon ecosystems in Taiwan was integrated, and the largest area is 
5,481 ha for seagrass beds, of which 5,420 ha are distributed in Dongsha Island and 25 ha are distributed in 
Taiping Island in the South China Sea (Shao et al., 2014) (Figure 2). In the islands of Taiwan, the mangrove 
area is the largest (681 ha), followed by tidal salt marshes (188 ha) and seagrass beds (36 ha). In terms of 
counties and cities, the distribution area of mangroves is 226 ha in Tainan City, and the distribution area of tidal 
salt marshes is 127 ha in Kinmen County (Tables 1, 2, and 3).
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Table 1. Distribution and covered area of tidal salt marshes and dominant species in Taiwan. (Lin, 2022)

Figure 2. Distribution area of coastal blue carbon ecosystems in Taiwan.
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Table 2. Distribution and covered area of seagrass beds and dominant species in Taiwan. (Lin & Chen, 2019a)
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Table 3. Distribution and covered area of mangroves and dominant species in Taiwan. (lin et al., 2019)



Assessing Coastal Blue Carbon Sinks in Taiwan

10

Marine Research of the National Academy of Marine Research
DOI: 10.29677/MR.202312_3(2).0001

8 CARBON SEQUESTRATION CAPACITY AND STOCK OF
COASTAL BLUE CARBON SYSTEMS IN TAIWAN

         In general, mangroves show the highest areal values of carbon stock among the three coastal blue carbon
ecosystems, followed by salt marshes and seagrass beds (Table 4). While the carbon sequestration rates of 
mangroves are also higher than those of other two blue carbon plants, the carbon sequestration rates of salt 
marsh plants and seagrasses are comparable. The carbon sequestration rate and stock of the invasive alien 
species S. alterniflora is much higher than those of other three salt marsh plants (Table 4). The carbon 
sequestration capacity of intertidal seagrasses is comparable to that of salt marsh plants. However, the carbon 
sequestration capacity of subtidal seagrasses is 2-3 times higher than that of intertidal seagrasses. The carbon 
stock of salt marshes is approximately 7-10 times higher than that of seagrass beds, particularly in the soil. The 
carbon sequestration rate of mangroves is approximately 3-5 times higher than that of salt marsh plants or 
seagrasses. The carbon stock of mangroves is 4 times higher than that of salt marshes and 30-40 times that of 
seagrass beds.

         In Taiwan, tidal salt marshes cover a total area of 188 ha, with an annual carbon sequestration capacity of
3,661 mg C yr-1 and an existing carbon stock of 16,000 Mg C (Table 5). Seagrass beds (including intertidal and 
subtidal zones) have a total area of 5,481 ha, an annual carbon sequestration capacity of 80,619 mg C yr-1, and 
an existing carbon stock of 144,444 mg C. According to the distribution area of mangroves in Taiwan 
inventoried by Lin et al. (2019), the carbon sequestration rate of mangroves in Taiwan is 11,183 mg C yr-1 and 
an existing carbon stock of 181,560 mg C.

      The combined carbon sequestration capacity of the three coastal blue carbon ecosystems in Taiwan is
95,463 Mg C yr-1 or 350,030 Mg CO2 yr-1, and the existing carbon stock is 342,004 Mg C. If the invasive alien 
species S. alterniflora is removed from the habitats, the salt marsh carbon sequestration rate will be reduced by 
3,617 Mg C yr-1 (3.8� reduction).
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Table 4. Carbon sequestration rate and stock of major plant species and the soil of the three 
coastal blue carbon ecosystems in Taiwan.
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Table 5. Carbon sequestration rate and stock of the coastal blue carbon ecosystems in Taiwan.

(a)(b)(e) Positive values indicate a gain and negative values indicate a loss.

(d) The depth of soil carbon stock: salt marshes: 1 m, intertidal seagrass beds: 0.30 m, subtidal seagrass beds: 1 m, 

mangroves: 1 m.
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9 SUGGESTIONS FOR COASTAL BLUE CARBON SINKS IN
TAIWAN

        To mitigate global warming and achieve net zero emissions by 2050 in Taiwan, it is essential to increase
the carbon sequestration and storage capacity of natural ecosystems. Coastal blue carbon systems are critical 
venues that sequester and store carbon. They not only help mitigate climate change, but may also provide 
numerous ecosystem services, such as coastal protection, water purification, nutrient cycling, fishing, and 
biodiversity enhancement (Lin et al., 2020b). The following improvement actions are suggested to reduce the 
uncertainty of coastal blue carbon sinks in Taiwan.

         (1) More accurate estimation: At present, the data of blue carbon ecosystem inventories are limited by the
accuracy of inventories of large areas, the investigation of subtidal seagrasses, the mixing growth of species, 
and the seasonal growth and decline of herbaceous plants (seagrass and salt marsh), which may have a greater 
impact on the area. When adopting GPS positioning and measuring the habitat of blue carbon ecosystems in the 
field, satellite imagery or drones can be used as a supplement due to the lack of access or large distribution area 
to obtain more accurate local distribution area and species composition status information. More real-time and 
accurate data from technologies such as satellite imagery or drones are also more suitable to assess the seasonal 
growth and decline of coastal vegetation.

     (2) Subtidal zone survey: The research of subtidal seagrass carbon sinks is mainly limited by boat 
availability, diving operation technology, and instruments for GHG emissions. For example, when performing 
seagrass productivity labeling experiments in the Dongsha Atoll, boats may not be able to retrieve the marked 
seagrass plants at the same point every other week, hindering such experiments, so the seagrass productivity of 
Dongsha is considered a rough estimation (Lin & Hsiao, 2010). However, 99� of the seagrass beds in Taiwan 
are in the subtidal zone. The carbon sequestration rate and stock of subtidal seagrasses are also much higher 
than those of intertidal seagrasses.

     (3) Greenhouse gas flux variation: Variation in GHG fluxes from the habitats of coastal blue carbon 
systems is often large (Li et al., 2018; Lin et al., 2020a; Yang & Yuan, 2019); however, mitigating GHG 
emissions can be a critical management strategy (Lin et al., 2021b). Feasible management methods can start 
from sewage prevention and control; organic sewage loading (particularly freshwater) should be avoided as 
much as possible from being flushing into coastal blue carbon ecosystems, so as to avoid the reduction of 
salinity in the organic-rich substrate, which might result in a large amount of carbon dioxide and methane 
emissions.

      (4) Contribution of lateral transport and total alkalinity to carbon sinks: future inclusion of less studied 
lateral transport will be one of the focuses of more accurate estimates for blue carbon sinks, including the 
transport of particulate organic carbon (POC) and dissolved organic (DOC) and inorganic carbon (DIC) (Li et 
al., 2018). Tropical seagrass beds may have substrates with high calcium carbonate content (Zou et al., 2021). 
When acids released by seagrass roots dissolve the calcium carbonate in the substrate, total alkalinity is also 
exported (Chou et al., 2021). Therefore, based on the potential contribution of DIC and total alkalinity to 
seagrass carbon sinks, it is speculated that the carbon sink capacity of coastal blue carbon ecosystems in Taiwan 
is underestimated.

    This study was financially supported by the "Innovation and Development Center of Sustainable 
Agriculture" from the Featured Areas Research Center Program within the framework of the Higher Education 
Sprout Project by the Ministry of Education (MOE) in Taiwan.
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