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ABSTRACT 

 

Seagrass meadows have one of the largest carbon sink capacities in coastal 

ecosystems, trapping more than 18% of marine carbon sequestration. Their role in 

mitigation of climate change is vital, as they are responsible for assimilation of 2% of 

CO2 from anthropogenic sources, which remains trapped in the ecosystem for millennia 

and centuries. The aim of this study was to estimate carbon storage of these ecosystems 

in present time, to determine important variables influencing the carbon storage, to 

develop the predictions of the seagrass distribution and to estimate gains and losses of 

carbon within these meadows in the future climates. The study was conducted in 

diversely characterized (disturbed vs undisturbed, exposed vs sheltered, high density vs 

low density) seagrass ecosystems, in uniform (Enhalus acoroides) and mixed species 

(E. acoroides and Thalassia hemprichii or Cymodocea serrulata) meadows, along the 

Andaman coast of Thailand, in Phuket, Krabi and Trang provinces. The results 

suggested that higher amounts of organic carbon were stored in uniform meadows than 

in mixed, in undisturbed comparing to disturbed, while exposed and sheltered seagrass 

meadows had similar amounts. Organic carbon storage was highly influenced by 

meadow type and disturbance, suggesting that undisturbed, uniform and high density 

meadows store the highest amount of organic carbon. In the future climates, mixed 

meadows were constantly expanding their areas, while uniform meadows expanded 

their distributions by 2025 and then underwent decrease until several of meadows 

completely disappeared. The increase of the mixed meadows in the future climates had 

important influence on the climate, as the newly occupied areas assimilated large 

amounts of carbon from the ocean and atmosphere, consequently mitigating the climate 
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change. However, uniform meadows had the opposite trend, loss of the areas, which 

released large amounts of carbon back to the ocean, and via direct ocean-atmosphere 

exchange the concentrations of CO2 in atmosphere were affected. Our results presented 

the essential knowledge required to understand and set the baseline for proper 

management and conservation in the present time, and to more effectively address the 

importance of the natural carbon sinks in the mitigation of climate change.  
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SUMMARY OF CONTENTS 

1. General introduction 

 

1.1. Seagrass ecosystems 

Seagrasses are mixed group of flowering plants that thrive in shallow oceanic 

and estuarine environments around the world. Although they are one of the poorest 

taxa, these plants play many important roles in coastal and marine ecosystems. They 

occupy oceanic and estuarine waters on all continents, apart from Antarctica. The 

countries which extend to both temperate and tropical climates, have the greatest 

species diversity, such as Australia (29 species), the United States (23 species) and 

Japan (16 species). On the other hand, the greatest diversity in countries with one 

climate zone, occurs in tropical region such as India and Philippines (both with 14 

species). Indo-Pacific bioregion, specifically Philippines, Papua New Guinea and 

Indonesia, is considered as the center of global seagrass biodiversity (Green and Short, 

2003). Moreover, Southeast Asia has been hypothesized to be the origin for tropical 

seagrass species (Ooi et al. 2014). 

 

1.2. Diversity, distribution and ecosystem services  

Seagrasses comprise of about 60 closely related species, belonging to 12 

generas and four families of monocts (Duarte 2000). As they are distributed worldwide, 

about half of the species can be founded in tropical region, while another half is 

temperate species (Short et al. 2007). The global estimated cover of the seagrass 

meadows is between 300 000 – 600 000 km2 (Duarte et al. 2013a), covering around 1% 

of the world’s ocean. Many seagrass meadows consist only of one species, although 

mixed stands containing up to 14 species maybe found in the tropics, particularly in the 

Indo-Pacific region (Short et al. 2007).  

Seagrass communities in Thailand are highly variable in terms of diversity and 

structure, as uniform and mixed meadows are reported throughout the country. Most of 

the seagrass species are associated with uniform and mixed species meadows, such as 

Enhalus acoroides, Thlalasia hemprichii, Cymodocea serrulata, Cymodocea 

rotundata, Halophila ovalis, Halodule uninervis etc., while Halophila decipines is 

commonly associated only with uniform meadows (Rattanachot et al. 2008). In the 
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mixed meadows, competition for the available resources might occur, which can lead 

to the decrease of shoot density, growth and survival (Duarte et al. 2000), while in the 

uniform meadows there is abundance of available resources. However, in the mixed 

species meadows, species provide a “tradeoff” to each other, as the studies showed that 

the shoot density of E. acoroides, C. rotundata, C. serrulata and H. uninervis decreased 

when other species from mixed meadows are removed (Duarte et al. 2000), suggesting 

that there is a complex interaction within meadows. 

The ecosystem services of the seagrass meadows lie in their “engineer” 

characteristics, which includes physical and geochemical modification of their 

environment. Their primary services include: primary production (Buapet et al. 2013), 

nutrient recycling (Costanza et al. 1997), providing food and habitat for fish (Cullen-

Unsworth et al. 2014) and, invertebrates (Cullen-Unsworth et al. 2014; Nordlund and 

Gullström 2013), nursery grounds for juveniles (Jackson et al. 2015). These ecosystems 

can attenuate the wave action (Christianen et al. 2013; Ondiviela et al. 2014), stabilize 

the sediments (Christianen et al. 2013; Newell and Koch 2004), prevent the sediment 

resuspension (Gacia and Duarte, 2001) and accrete the sediment (Van Keulen and 

Borowitzka 2003). Their ecosystem services provide at least US$33 trillion dollars 

annually (Costanza et al. 1997). Moreover, they play a vital role in the mitigation of 

climate change, as they create large carbon sinks within the meadows (Fourqurean et 

al. 2012; Macreadie et al. 2014). 

 

1.3. Organic carbon in seagrass ecosystems 

The seagrass meadows are autotrophic ecosystems, where excess organic 

carbon is exported to other communities or is buried (Duarte et al. 2013b). The higher 

net productivity of the meadow suggests higher carbon inputs as well as higher burial 

rate (Lavery et al. 2013). They are one of the most productive ecosystems, with the 

global net productivity of 400 Tg yr-1 (Duarte et al. 2005). However, 80% of their 

primary production is not consumed (Duarte et al. 2013b) but is exported to adjacent 

ecosystems, (24%; Duarte and Cebrián 1996) or buried in the sediment (30-50%; 

Duarte et al. 2005). Unlike terrestrial ecosystems, carbon sequestered and stored in the 

coastal soils can be trapped for a long period of time (centuries and millennia) (Duarte 

et al. 2005). They are responsible for more than 18% of total marine carbon 
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sequestration (Kennedy et al. 2010), with the sink capacity of 0.08 – 0.22 Pg C yr-1 

(Duarte et al. 2013a). However, their global distribution is rapidly declining at the 

annual rate of 7% (Waycott et al. 2009), with the estimated loss of 30 – 40 % in the 

next 100 years (Pendleton et al. 2012). 

Loss and/or degradation of these ecosystems exposes the sediment to oxygen, 

which increases nutrient cycling (Liu et al. 2017) and microbial activity (Trevathan-

Tackett et al. 2017), resulting in higher respiration and detrital decay (McLeod et al. 

2011), leading to decrease in carbon sequestration. Moreover, the carbon sequestration 

capacity is directly affected by the disturbance, leading to the loss of trapping ability, 

loss of the carbon in the living vegetation and in the sediment. The oxidized sediment 

is remineralized (Macreadie et al. 2014) and released back into the ocean (Fourqurean 

et al. 2012; Marbà et al. 2015). The increased concentration of ocean carbon disturbs 

ocean-atmosphere equilibrium and by their direct exchange, CO2 concentrations in the 

atmosphere are affected. Recent estimates suggest an average release of 0.15 Pg of CO2 

y-1 from the loss of seagrass ecosystems, which would affect global economy by 6.1 

billion US$ y-1 (Pendleton et al. 2012).  

There are many factors which directly affect carbon sink (Mateo et al. 2006; 

McLeod et al. 2011), from which the most influential are: grain size (Dahl et al. 2016; 

Serrano et al. 2016), species complexity (Samper-Villarreal et al. 2016) , species 

composition (Gillis et al. 2017), landscape configuration (Ricart et al. 2017), 

productivity of the plants (Armitage and Fourqurean 2016), sediment density 

(Gullström et al. 2017) and disturbance (Rozaimi et al. 2017). On the other hand, 

changes of environmental factors associated with climate change indirectly influence 

carbon storage through the species growth, productivity, composition, distribution and 

abundance, which consequently shift the carbon balance and sequestration. Changes in 

temperature have effect on photosynthesis and productivity (Short and Neckles 1999; 

Pedersen et al. 2016), causing the changes in species distribution and abundance. The 

sea level rise in the future will increase the depth and conseqently reduce light 

conditions, especially in the lower distribution limit. The decrease of the light 

availability has effect on species growth, photosynthesis and distribution (Short and 

Neckles 1999), which is especially noticable in the species having narrow depth ranges 

(Duarte 1991). Moreover, the sea level rise will cause changes in tidal range, increasing 
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the exposure stress to UV-B radiation (Short and Neckles 1999). Elevated UV-B leads 

to inhibition of photosynthetic efficiency (Unsworth et al. 2012) via decrease of 

chloroplast density (Short and Neckles 1999). As seagrass biomass and distributuion 

are negatively correlated with the tidal exposure and amount of solar radiation (Stapel 

et al. 1997; Unsworth et al. 2012), their upper distribution limit will be highly affected 

as well. The risk of sea level rise increases the frequency of extreme waves and storm 

surges, which can cause marine heatwaves and consequently the loss of seagrass 

meadows (Arias-Ortiz et al. 2018). Moreover, the increase of the flooding frequency 

causes erosion of the coastal areas and increase of the sediment run off, which affects 

seagrass richness, biomass and community structure (Terrados et al. 1998).  

 

1.4. Climate change 

 In the last 650,000 years the Earth’s climate had seven cycles of climate change 

(IPCC 2014). However, most of these changes attributed minimal variations, 

comparing to the current warming trend, as CO2 concentrations levels are the highest 

ever recorded. The main drivers of the increase of CO2 emissions are extremely likely 

due to global economic and population growth (IPCC 2014). Annual greenhouse gas 

(GHG) emissions have continued to increase, despite the policies, to 1.0 Gt CO2 y
-1 

from 2000 to 2010 (IPCC 2014). The emissions from fossil fuel combustion, cement 

production and flaring have tripled, while the emissions from land use changes have 

increased by 40% in the last 40 years (IPCC 2014). However, as the Earth has natural 

carbon sinks (ocean, tropical, temperate and boreal forests, and coastal ecosystems such 

as mangrove forests, seagrass meadows and tidal salt marshes) only 40% of 

anthropogenic CO2 emissions (880 ± 35 GtCO2) have remained in the atmosphere since 

1740 (IPCC 2014). The ocean has absorbed more than 30% of the emitted CO2, causing 

ocean acidification (ocean pH decreased from 8.16 to 8.06 in the last 100 years, IPCC 

2014)). Despite the natural carbon sinks, this increase of CO2 emissions rose the 

average surface and ocean temperature by 0.85°C with one century (IPCC 2014). As 

the atmosphere warmed, ice sheets and glaciers have been losing mass at the rate of 3.5 

– 13.6% per decade (IPCC 2014). Moreover, the area of snow cover has been 

decreasing by 11.7% per decade over the last 40 years. Increase rate of the ice mass 

loss caused the rise in the sea level, which rose by 0.19 m over the last 100 years, at the 



5 

rate of 3.2 mm y-1 (IPCC 2014). Continued GHG emissions will cause additional 

warming of the atmosphere and oceans, which can have devastating consequences and 

irreversible impacts on ecosystems. By 2100, it is estimated that CO2 concentrations 

will be more than double, up to 1,000 ppm, while the emissions will triple (IPCC 2014), 

causing the increase in temperature by 2.5°C, 0.70 m increase of sea level and decrease 

of ocean’s pH by 0.5. 

However, the Earth’s natural carbon sinks, have high capacities of the carbon 

storage, especially coastal ecosystems with 237.6 Tg of carbon burial y-1 (Duarte et al. 

2005). The seagrass ecosystems alone, are responsible for accumulating more than 2% 

of global anthropogenic CO2 emissions (IPCC 2014). Their proper management, 

conservation and restoration are more than necessary, as restored meadows have the 

capacity to store more carbon in the sediment than naturally occurring vegetation 

(Thorhaug et al. 2017).  

 

1.5. Mapping of the seagrass ecosystems  

 Various monitoring approaches have been conducted using scuba and 

snorkeling surveys (Gotceitas et al. 1997), ground based sampling (Moore et al. 2000) 

and mapping using hovercraft (Mckenzie 2003). As the technology is being developed, 

many studies have used remote sensing approaches to frequently monitor and quantify 

seagrass coverage and meadow’s health (Knudby and Nordlund 2011; Lyons et al. 

2015; Phinn et al. 2008; Roelfsema et al. 2014). Additionally, dynamics of the seagrass 

meadows (Baumstark et al. 2013), changes of the seagrass extent (Knudby et al. 2010)   

and fluctuations of the biomass (Misbari and Hashim, 2016) have been quantified. 

Moreover, the use of acoustics, such as side scan sonar, has been used to estimate cover 

of seagrass meadows (Hossain et al. 2014). However, the main limitation of these 

techniques is the spatial resolution, which restricts the study to mapping of the seagrass 

extent. Even with the finer scale resolution satellites mapping of the individual seagrass 

species is limited. Additionally, the inability of the satellite’s measurement to capture 

fine scale patterns of the seagrass distribution and sparsely vegetated area, led to the 

novel approaches using small unmanned vehicles (UAVs), commonly known as drones. 

The rapid growth of the lightweight low-cost drone technology has been a novel 

addition to the ecological and environment studies. In the recent years, drone 
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technology has been widely used in hydrology (DeBell et al. 2015), forestry (Inoue et 

al. 2014), wildlife monitoring (Chabot et al. 2015; Hodgson et al. 2013) and in polar 

studies (Ryan et al. 2015). The flexibility and capabilities of drones increased their 

utilization in coastal environments, for monitoring of the beaches and dunes (Gonçalves 

and Henriques 2015), classification of the habitats as nurseries for fishes (Ventura et al. 

2016), mapping coral reefs (Chirayath and Earle, 2016) and seagrass meadows (Duffy 

et al. 2018). 

  

The newly adopted technologies can provide knowledge of seagrass extent, 

coverage and biomass, which is enough for monitoring of seagrass health. However, to 

set appropriate conservation and management priorities, knowledge of seagrass 

ecosystem services has to be associated with the seagrass health, in a manner to produce 

spatially organized area as a “hot spot” of ecosystem services/carbon storage. Although 

the studies of carbon storage in seagrass ecosystems have been exponentially increasing 

since 2009 (Alongi 2018), there is still lack of basic knowledge of seagrass habitats in 

tropical region and a regional overview of the carbon inventories. Moreover, the 

knowledge about the factors influencing carbon storage in this region is limited as well 

and how the seagrass meadows will be influenced by the climate change. Thus, as 

Southeast Asian region is failing to keep up the pace with the global researchers, this 

study has been conducted to provide the key information of the carbon storage, seagrass 

distribution, factors influencing carbon storage, changes that seagrass meadows facing 

under climate change and the fate of the organic carbon in these ecosystems in future 

climates.  
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2. Research questions and objectives 

The main research question of this study was:  

• How future climate change scenarios will influence the seagrass meadows and 

currently stored carbon within these meadows?  

In order to answer the main question, the study is divided into three minor 

frameworks with specific objectives: 

 

Framework 1: Current biomass and organic carbon storage in the seagrass meadows  

Objectives: 

• To estimate current biomass and organic carbon storage in seagrass meadows 

• To map the current biomass and organic carbon storage in seagrass meadows 

• To estimate total carbon storage in seagrass meadows, which is the sum of 

carbon storage within living vegetation and sediment 

• To determine which environmental factors, influence seagrass biomass and 

organic carbon storage 

 

Framework 2: The status of the seagrass meadows, in terms of biomass and organic 

carbon, in the future climate change scenarios 

Objectives:  

• To determine the change of the seagrass meadows in the different future climate 

change scenarios  

• To estimate total carbon storage in the future climate change scenarios 

• To determine which meadows will continue to have high carbon storage 

 

Framework 3: Estimations of the lost, gained organic carbon and biomass and its 

emissions  

Objectives:  

• To estimate change of biomass between seagrass meadows in present and in the 

future climates 

• To estimate change of organic carbon budget between seagrass meadows in 

present and in future climates 
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• To estimate the amount of carbon that will be lost 

• To estimate the CO2 emission and assimilation 

• To determine which meadows will have highest loss of organic carbon  

 

3. Study sites 

The study was conducted along the west coast of Thailand in Phuket, Krabi and 

Trang provinces (Fig 1). In total, five seagrass meadows were selected, and eight survey 

areas were classified based on disturbance, geomorphology and meadow type (Table 

1). More information about study sites can be read in Paper 3 (Appendix 3). 

 

Table 1. Location of the survey areas. Modified from Paper 3 (Appendix 3) 

Survey areas Study site 
Mean 

depth (m) 

Disturbed 

Exposed 

Uniform 
High density Krabi, Koh Sriboya  

-1.9±0.02 
Low density Krabi, Koh Sriboya 

Mixed 
High density Krabi, Koh Sriboya 

Low density Krabi, Koh Sriboya 

Sheltered 

Uniform 
High density Phuket, Pa Klok 

-2.0±0.2 
Low density Phuket, Pa Klok 

Mixed 
High density Phuket, Tang Khen Bay 

-5.4±0.5 
Low density Phuket, Tang Khen Bay 

Undisturbed 

Exposed 

Uniform 
High density Trang, Libong island site 1 

-1.9±0.01 
Low density Trang, Libong island site 1 

Mixed 
High density Trang, Libong island site 1 

Low density Trang, Libong island site 1 

Sheltered 

Uniform 
High density Trang, Libong island site 2 

-2.0±0.06 
Low density Trang, Libong island site 2 

Mixed 
High density Trang, Libong island site 2 

Low density Trang, Libong island site 2 
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Figure 1. Map of the study sites and survey areas. Modified from Paper 3 (Appendix 

3) 
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4. Results and discussion 

The summary of the results and discussion for each framework are provided 

here. Full details, including literature review, methodology, details of the results and 

discussion are presented in the attached published Papers 1, 2, 3 (Appendix 1, 2 and 3) 

and Manuscript 1 (Appendix 4). Furthermore, the brief descriptions of the frameworks’ 

results are summarized in the following diagram.  
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4.1. FRAMEWORK 1: Current biomass and organic carbon storage in the seagrass 

meadows (Paper 1, 2 and 3 in Appendix 1, 2 and 3)  

4.1.1. Seagrass area 

Total seagrass area had a range from 5.55 – 101.56 ha (Table 2). In each of the 

study sites, except for Tang Khen Bay, both types of meadows were recorded (Fig 2). 

For Libong site 2, drone images could not be used for classification as they were too 

blurry, and the water was too dark for seagrasses to be seen. For obtaining the seagrass 

area of this survey area, previous studies in this area were used.  

 

Figure 1. Seagrass area with two types of the meadows in all survey areas (From 

Manuscript 1) 

Although high resolution imagery was used to map the seagrass areas, there 

were certain limitations. The main problem was that images can be obtained only in the 

intertidal zone during low tide. However, at Koh Sriboya, most of the E.acoroides 

meadows were located in the subtidal zone. This was resolved by taking the pictures in 

the middle of summer and early morning, when the ocean water was the clearest. On 

the other hand, at Libong site 2 getting the first light images were not successful, as the 

village is nearby and the fisherman disrupted the water after their finishing trips. The 
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second low tide was in the late afternoon, but even then, the water was too dark to 

obtain the images. This is one of the biggest limitations of remote sensing, as currently 

there are no available satellites or small unmanned vehicles that could acquire proper 

images in these conditions. However, the use of sonar after the use of remote sensing 

could help in defining the areas of seagrass in dark, murky waters.  

 

Table 2. Total area covered in seagrass in each of surveyed areas 

Survey area Seagrass area (ha) 

Disturbed 

Exposed 
Uniform 25.18 

Mixed 20.18 

Sheltered 
Uniform 11.82 

Mixed 5.54 

Undisturbed 

Exposed 
Uniform 17.84 

Mixed 101.56 

Sheltered 
Uniform 15.7 

Mixed 13.1 

 

4.1.2. Biomass 

Total average recorded biomass (from root, rhizome and leaves) was 

283.1±178.4 g DW m-2. The highest recorded total biomass was in uniform undisturbed 

exposed high density meadows, while the lowest recorded was in mixed disturbed 

sheltered low density meadows (Table 3, Fig 3). When observing from each parts of 

the seagrass, total average root biomass was 43.8±32.0 g DW m-2, with highest recorded 

biomass in uniform disturbed exposed high density and lowest in uniform disturbed 

exposed low density (Table 3, Fig 3). Average recorded rhizome biomass was 

208.0±135.3 g DW m-2, while the highest was in uniform undisturbed exposed high 

density meadows and lowest in mixed disturbed sheltered low density meadows (Table 

3, Fig 3). Average leaves biomass was 51.8±30.0 g DW m-2, with highest recorded 

biomass in uniform disturbed sheltered high density meadows and lowest in uniform 

disturbed sheltered low density meadows (Table 3, Fig 3). More details about biomass 

of the seagrass meadow were presented in the Paper 1 and 3 (Appendix 1 and 3).  

The reported values of the biomass for uniform meadows are falling in the range 

of the estimations of Vermaat et al. (1995) and Duarte and Chiscano (1999), while leaf 
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biomass is higher than in Vermaat et al. (1995) and Duarte and Chiscano (1999). On 

the other hand, biomass in mixed meadows had similar values as in Rattanachot and 

Prathep (2015), with higher leaf biomass than in Koedsin et al. (2016) and much lower 

than reported by Prathep, Rattanachot, and Tuntiprapas (2010). The highest recorded 

values of biomass and all vegetation parts were in uniform high density areas, as the 

species which occupies these areas are bigger in size, robustness and higher 

productivity (Vermaat et al. 1995). On the other hand, lower recorded values of biomass 

and the vegetation parts were in disturbed and low density areas, suggesting that 

disturbance has high impact on the seagrasses with the small coverage, i.e at the edges 

of the meadows or in newly expanded areas.  

 

Figure 2. Average values of total biomass, root biomass, rhizome biomass and leaves biomass in 

all survey areas.  

Table 3. Average values of total, root, rhizome and leaves biomass in each survey 

area 

Survey areas 

Total 

biomass  

(g DW m-2) 

Root 

biomass  

(g DW m-2) 

Rhizome 

biomass 

 (g DW m-2) 

Leaves 

biomass  

(g DW m-2) 

Uniform disturbed 

exposed high density 
324.4±37.2 27.6±110 213.6±35.8 82.2±9.6 

Uniform disturbed 

exposed low density 
103.2±2.5 6.4±2.6 77.4±0.5 19.4±0.6 

Mixed disturbed 

exposed high density 
368.0±48.8 66.9±29.6 221.4±29.6 79.6±9.2 
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The total average biomass, as well as in roots, rhizomes and leaves is recorded 

in Table 3 and had a following trend (detailed information about the factors influencing 

the biomass were presented in the Paper 3 – Appendix 3): 

• Uniform meadows had higher values than mixed ones (Fig 4A) 

• Undisturbed meadows had higher values than disturbed meadows (Fig 4B) 

• Exposed meadows had higher values than sheltered meadows (Fig 4C) 

Mixed disturbed 

exposed low density 
82.6±45.8 8.9±0.9 50.2±33.5 33.5±23.4 

Uniform disturbed 

sheltered high 

density 

614.3±66.5 102.5±96.0 420.3±58.5 100.2±13.3 

Uniform disturbed 

sheltered low 

density 

231.1±3.6 93.9±5.3 162.3±11.4 14.0±1.8 

Mixed disturbed 

sheltered high 

density 

172.9±68.2 27.2±11.9 97.6±38.1 48.1±18.2 

Mixed disturbed 

sheltered low 

density 

91.5±29.4 18.7±9.9 48.4±15.5 24.3±4.1 

Uniform undisturbed 

exposed high density 
633.0±63.3 88.3±4.7 454.1±44.0 90.7±14.5 

Uniform undisturbed 

exposed low density 
225.0±14.6 33.5±7.7 160.3±22.0 31.2±2.7 

Mixed undisturbed 

exposed high density 
490.7±19.1 74.3±5.4 324.6±19.0 91.8±5.6 

Mixed undisturbed 

exposed low density 
184.5±103.8 21.8±3.9 99.2±63.2 63.5±36.8 

Uniform undisturbed 

sheltered high 

density 

398.2±20.6 51.6±19.4 289.4±52.9 57.2±12.8 

Uniform undisturbed 

sheltered low 

density 

108.7±67.2 15.0±5.2 79.5±58.8 14.3±3.2 

Mixed undisturbed 

sheltered high 

density 

322.7±109.1 46.5±13.4 223.4±122.5 52.8±26.8 

Mixed undisturbed 

sheltered low 

density 

178.3±118.3 16.9±10.2 136.6±117.8 24.8±9.6 
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Figure 3. Trend of the higher and lower biomass in seagrass ecosystems  

 

Figure 4. Maps of the total biomass in each of the surveyed areas 
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In all survey areas, total biomass highly varied across the meadow (Fig 5). Maps 

of the biomass in all survey areas were created using extracted seagrass area from drone 

images, which provided the input (coverage of the plants) for the series of the 

relationships that link coverage and biomass of the species. More information about the 

relationships between coverage of the plants and their biomass is presented in Paper 2 

(Appendix 2). Total biomass was the highest in the areas where E. acoroides was 

present (in uniform meadows) and it was decreasing as the species was less abundant 

(edges of uniform meadows and mixed meadows). This species is considered bigger 

and more constant species, with longer life span, low mortality rates, longer-lived 

shoots and higher productivity (Vermaat et al. 1995). The difference in seagrass 

structure demonstrates direct influence of the species on the biomass and productivity 

of the seagrass meadow. 

As seen on Fig 5, the areas of uniform meadows have significantly higher (p < 

0.05) total biomass than areas of mixed species, which was presented in Paper 3 

(Appendix 3). The difference in the biomass between the species supports roles of the 

species in the ecosystem and is direct influence of a different structure of the seagrass 

species.  

 

4.1.3. Organic carbon storage 

Total average organic carbon in living vegetation was 4.0±2.6 Mg ha-1, with the 

highest values in uniform undisturbed exposed high density meadows, and the lowest 

in mixed disturbed exposed low density meadows (Table 4, Fig 6). Average organic 

carbon in roots was 0.5±0.3 Mg ha-1, with the highest values in uniform disturbed 

sheltered high density meadows and lowest values in uniform disturbed exposed low 

density meadows (Table 4, Fig 6). Organic carbon in leaves had an average of 0.7±0.4 

Mg ha-1, with the highest recorded carbon in uniform disturbed sheltered high density 

meadows, while the lowest recorded carbon was in uniform disturbed exposed low 

density meadows (Table 4, Fig 6). The details of organic carbon in the living vegetation 

are presented in the Paper 1 and 3 (Appendix 1 and 3).  
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Figure 5. Average values of total carbon in living vegetation, as well as in roots, 

rhizomes and leaves in all survey areas 

 

The reported values of the organic carbon in the vegetation fall within the range 

of the global estimates (Fourqurean et al. 2012), while it was 1.5 – 2 times higher than 

in Indonesia (Alongi et al. 2016), more than 7 times higher than in Singapore (Phang et 

al. 2015) and 2 times higher than in Micronesia (Kauffman et al. 2011). This suggests 

that seagrasses in the west coast of Thailand have high carbon uptake and assimilation, 

which provides higher carbon storages in the ecosystems.  
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Table 4. Average values of total organic carbon, as well as, in roots, rhizomes, leaves, sedimentary carbon and total carbon storage per 

area in each survey area. 

 

Survey areas 

Total carbon in 

living vegetation 

(Mg ha-1) 

Carbon 

in roots 

(Mg ha-1) 

Carbon in 

rhizomes 

(Mg ha-1) 

Carbon 

in leaves 

(Mg ha-1) 

Carbon in 

sediment 

(Mg ha-1) 

Total carbon 

storage  

(Mg ha-1) 

Total carbon 

per area 

(MgC) 

Uniform disturbed 

exposed high density 
4.4±1.9 0.3±0.2 3.0±1.6 1.1±0.2 124.7±7.5 125.9±8.1 

3,105.6±12.9 
Uniform disturbed 

exposed low density 
1.2±0.5 0.3±0.02 1.0±0.4 0.1±0.07 100.1±27.9 104.4±29.8 

Mixed disturbed 

exposed high density 
4.9±1.6 0.8±0.5 3.0±1.1 1.0±0.2 120.9±16.9 125.8±18.6 

2,514.4±10.8 
Mixed disturbed 

exposed low density 
0.9±0.6 0.1±0.05 0.6±0.4 0.2±0.08 119.6±15.6 120.6±16.3 

Uniform disturbed 

sheltered high density 
8.6±2.3 1.2±0.5 5.9±2.0 1.3±0.4 118.4±13.9 127.0±16.2 

1,421.5±14.5 
Uniform disturbed 

sheltered low density 
3.0±1.2 0.4±0.3 2.2±0.9 0.4±0.2 100.6±22.5 103.7±23.7 

Mixed disturbed 

sheltered high density 
2.1±0.7 0.3±0.1 1.2±0.4 0.6±0.2 52.9±6.5 54.0±7.1 

290.5±6.68 
Mixed disturbed 

sheltered low density 
1.1±0.5 0.2±0.1 0.6±0.3 0.2±0.08 51.7±22.5 53.9±23.2 

Uniform undisturbed 

exposed high density 
8.8±1.6 1.1±0.4 6.4±1.0 1.2±0.3 138.4±28.6 141.4±30.1 

2,280.1±18.0 
Uniform undisturbed 

exposed low density 
3.0±1.5 0.4±0.3 2.2±1.0 0.4±0.2 112.1±19.7 121.0±21.3 
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Mixed undisturbed 

exposed high density 
6.7±2.2 1.0±0.4 4.5±1.5 1.2±0.5 123.1±26.1 129.8±28.3 

12,676.8±18.2 
Mixed undisturbed 

exposed low density 
2.4±1.3 0.2±0.1 1.3±0.8 0.8±0.4 115.9±5.3 118.3±6.5 

Uniform undisturbed 

sheltered high density 
6.7±2.4 1.0±0.5 4.8±1.8 1.0±0.2 165.5±29.5 169.0±31.9 

2,605.1±15.9 
Uniform undisturbed 

sheltered low density 
1.7±1.5 0.3±0.1 1.2±1.0 0.2±0.05 162.2±47.2 164.3±48.7 

Mixed undisturbed 

sheltered high density 
6.1±1.7 0.8±0.3 4.5±1.1 0.8±0.4 133.7±30.2 139.9±31.9 

1,852.7±8.3 
Mixed undisturbed 

sheltered low density 
3.5±0.8 0.3±0.1 2.5±0.8 0.7±0.2 129.5±30.0 132.9±30.8 
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Figure 6. Map of the organic carbon storage in living vegetation in different survey 

areas 

 

Figure 7. Average values of organic carbon in sediment and total carbon storage in 

seagrass meadows  

 

When mapped, organic carbon storage in living vegetation had similar trend as 

biomass (Fig 7). The maps were created using linked linear regression equations 
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between coverage of the plants and carbon within vegetation (Paper 2 – Appendix 2). 

Areas where uniform meadows had the highest carbon storage in vegetation, while 

areas of mixed meadows had lower values. This also corresponds to the structure of the 

species, as longer living species allocate their production into belowground and 

contributes more on carbon stock (Supriadi et al. 2014). 

Average organic carbon in sediment was 116.7±30.6 Mg ha-1, with highest 

recorded values in uniform undisturbed sheltered high density meadows and lowest in 

mixed disturbed sheltered low density meadows (Table 4, Fig 8). More information 

about sedimentary organic carbon are presented in Paper 3 (Appendix 3). 

The recorded organic carbon in sediment is at least 1.8 times lower than the 

global estimates and 5 times higher than Indo-Pacific estimates (Fourqurean et al. 

2012). On the other hand, carbon storage was 2 times higher in African region (Githaiga 

et al. 2016), while undisturbed sediments in Southeast Asia had similar values (Phang 

et al. 2015; Alongi et al. 2016). However, the reported sedimentary carbon storage in 

Thailand is much lower (Rattanachot and Prathep 2015; Panyawai 2017) suggesting 

that sedimentary organic carbon storage is highly variable throughout Thailand and that 

is influenced by multiple factors. 

The highest total organic carbon storage per hectare (carbon stored in sediment 

and in the living vegetation) was recorded in uniform undisturbed sheltered high density 

meadows, while the lowest values were recorded in mixed disturbed sheltered low 

density meadow (Table 4, Fig 8). In the overall ecosystem scale, areas with high organic 

carbon storage were corresponding to the area where uniform meadows were (Fig 9), 

suggesting that bigger size species such as E. acoroides store more carbon than mixed 

species meadows, with medium size species. Their belowground parts are bigger, 

thicker, more robust and penetrate in much deeper layers of the sediment, up to 1 m 

depth (Marbà et al. 2010).  
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Total carbon storage per area in whole ecosystem highly varied as the area 

covered in seagrass was from 5 ha to 101.5 ha. The highest storage in ecosystem was 

in mixed undisturbed exposed meadows, while the lowest was in mixed disturbed 

sheltered meadows (Table 4).  

Total carbon storage in ecosystems might be underestimated as it included only 

5 seagrass meadows, excluding the meadows on the east coast and other meadows along 

the west coast. Although total carbon storage is higher than reported in the region 

(Lavery et al. 2013; Supriadi et al. 2014; Phang et al. 2015) , it is still considerably 

lower than the global records (Fourqurean et al. 2012). 

 

 

Figure 8. Map of the total carbon storage per hectare in each survey area 



21 

Organic carbon storage in sediment and in living vegetation is recorded in Table 

4 and 5, and it followed similar trend as the biomass (more detailed information about 

factors influencing organic carbon in the seagrass ecosystems is presented in Paper 3 – 

Appendix 3), with: 

• Higher values in uniform than in mixed species meadows (Fig 10A) 

• Higher values in undisturbed than in disturbed species meadows (Fig 10B) 

• Higher values in exposed meadows comparing sheltered species meadow (Fig 10C) 

• Higher values in high density areas than in low density area (Fig 10D) 

Overall, meadow type highly influenced organic carbon storage. This suggests 

that structure, morphology of the species (Rozaimi et al. 2017) and species composition 

(Gillis et al. 2017) in the meadows are important factors which influence carbon storage 

and biomass in the ecosystem. Disturbance-geomorphology strongly influenced carbon 

storage in the seagrass meadows with undisturbed sheltered meadows supporting higher 

production and better ability to trap sediment. These meadows are under less influence 

of abiotic factors such as strong currents, waves and winds, and they together with 

 

Figure 9. Trend of higher and lower organic carbon in seagrass ecosystems 
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limited human activity provide a suitable habitat for seagrass meadows. This reflects as 

a positive impact on the ecosystem health and services, thus increasing carbon 

sequestration and storage capacity in the meadows. The influence of the other 

environmental variables is presented in Paper 3 (Appendix 3). 

 

4.2. FRAMEWORK 2: The status of the seagrass meadows, in terms of biomass and 

organic carbon, in the future climate change scenarios (Manuscript 1 – Appendix 4)  

4.2.1. Seagrass area 

Possible seagrass areas under RCP 4.5 and RCP 8.5 scenarios highly varied 

throughout the years. Unfortunately, future predictions for Tang Khen Bay were not 

possible, as the bay is very small and there was slight variation of the environmental 

factors, which was not enough to produce viable maps of the future seagrass areas. As 

many bays where seagrass meadows occur are small in size, using values of 

environmental factors from the satellites are not appropriate, so field data collection of 

them is necessary. 

A. RCP 4.5 scenario 

In 2025, lowest recorded area was in uniform disturbed exposed meadows, 

while the highest recorded area was in mixed undisturbed exposed meadows (Table 4). 

In 2050, the seagrass area of uniform disturbed exposed meadow will disappear from 

the surrounding area, while the mixed undisturbed exposed meadow will, continue to 

grow (Table 5). In 2075, uniform undisturbed sheltered seagrass meadow will as well 

disappear from the possible surrounding area, while mixed undisturbed exposed 

meadow will have the highest recorded area (Table 5). The probable seagrass 

distributions in the next 7, 32 and 57 years are presented on Fig 11, Fig 12 and Fig 13, 

respectively. 
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Table 5. Seagrass area in the future climate under RCP 4.5 scenario 

 

 

  

Survey area 
Seagrass area (ha) 

2025 2050 2075 

Disturbed 

Exposed 
Uniform 1.1 0 0 

Mixed 46.4 55.5 61.2 

Sheltered 
Uniform 28.8 46.8 50.32 

Mixed 44.0 62.0 65.9 

Undisturbed 

Exposed 
Uniform 27.0 12.6 9.8 

Mixed 172.5 204.6 211.7 

Sheltered 
Uniform 57.2 5.1 0 

Mixed 26.1 39.8 50.8 

 

Figure 10. Seagrass area and meadow type in 2025 under RCP 4.5 climate 

change scenario 
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Figure 11. Seagrass area and meadow type in 2050 under RCP 4.5 climate change 

scenario (From Manuscript 1) 

 

Figure 12. Seagrass area and meadow type in 2075 under RCP 4.5 climate change 

scenario (From Manuscript 1) 
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B. RCP 8.5 scenario 

The lowest seagrass area in 2025 was in uniform disturbed exposed meadows, 

while the highest was in mixed undisturbed exposed meadow (Table 6). In 2050, the 

uniform disturbed exposed and undisturbed sheltered seagrass meadow disappeared 

from surrounding area, while mixed undisturbed meadow continued to expand (Table 

6). In 2075, the area of uniform undisturbed exposed meadow decreased to only 8 ha, 

and it is highly probable that it will disappear from the area by 2100 (Table 6). The 

probable seagrass distribution in the year 2025, 2050 and 2075 are presented on Fig 14, 

Fig 15 and Fig 16, respectively. 

Table 6. Seagrass area in the future climate under RCP 8.5 scenario 

Survey area 
Seagrass area (ha) 

2025 2050 2075 

Disturbed 

Exposed 
Uniform 0.3 0 0 

Mixed 48.5 61.8 64.3 

Sheltered 
Uniform 32.8 70.5 71.0 

Mixed 48.3 53.7 64.9 

Undisturbed 

Exposed 
Uniform 23.4 10.8 8.0 

Mixed 173.3 199.8 201.0 

Sheltered 
Uniform 40.9 0 0 

Mixed 33.6 52.8 66.4 

 

Figure 13. Seagrass area and meadow type in 2025 under RCP 8.5 climate 

change scenario (From Manuscript 1) 
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Figure 14. Seagrass area and meadow type in 2050 under RCP 8.5 climate change 

scenario (From Manuscript 1) 

 

Figure 15. Seagrass area and meadow type in 2075 under RCP 8.5 climate change 

scenario (From Manuscript 1) 
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The area of the uniform and mixed meadows in some survey areas overlapped (Fig 

11–16). Two types of overlapping were identified: overlapping in newly expanded 

areas, and in already occupied areas. Area overlap in newly expanded areas was 

recorded where in present time this was barren sand, while in the future this area could 

be occupied by both meadow types. In 2025, 2050 and 2075 at Pa Klok, Koh Sriboya, 

areas of uniform and mixed meadows expressed overlap in newly expanded areas, 

suggesting that these areas have suitable habitat characteristics for both types of the 

meadow to occupy. On the other hand, overlap areas in already occupied areas was 

identified as the area which was occupied by one meadow type in present time and in 

future prediction it provides suitable habitat for both meadow types. In the case of 

Libong site 1, the mixed species meadows are predicted to take over the area of uniform 

meadows even when uniform meadows are predicted inhabit the same area (Fig 11–

16). In both overlapping cases there would be a competition between meadow types. 

The species in these meadows can be classified as persistent (E. acoroides and T. 

hemprichii) and opportunistic (C. serrulata and C. rotundata), based on their shoot 

turnover, genetic persistence, time to reach sexual maturity and seed dormancy 

(Kilminster et al. 2015). The opportunistic species have higher growth, elongation rates 

as well higher recruitment rate (Vermaat et al. 1995), which increases their ability to 

occupy newly expanded areas. Moreover, in the mixed meadows there is a positive 

“tradeoff” between the species, where each species is promoting the growth of the other 

one (Duarte et al. 2000).  

 Since mixed meadows consist of higher number of seagrass individuals of 

opportunistic species, there is high probability that they would occupy the overlapping 

areas in both cases.  

As seen on the figures, the type of the meadow influenced on the trend of the 

seagrass: 

• Uniform species meadows decreased throughout the years (Fig 17A) 

• Mixed species meadows increased throughout the years (Fig 17B) 

Although climate change provided suitable habitats for both meadow types, they 

had opposite trends. Mixed species meadow increased their area throughout the years, 

as these meadows consist of two species which provide positive “tradeoff” to each 
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other. The studies in the mixed meadows showed that the shoot density of one species 

decreases when the other species are removed from the meadow (Duarte et al. 2000) 

On the other hand, uniform meadows were decreasing their area throughout the years 

in the future. This trend is probably due to intraspecific competition, as the study 

showed that leaf characteristics increase with the decrease of the number of shoots 

(Rattanachot et al. 2016). 

 

 

 

Figure 16. Seagrass area trend in uniform (A) and mixed (B) meadows 

 

4.2.2. Biomass 

A. RCP 4.5 

Total, above- and belowground biomass on ecosystem scale highly varied 

among the survey areas (Table 7). In all three predicted years, it was the highest in 

mixed undisturbed exposed meadow, as this area expanded the most. On the other hand, 

the lowest values were in uniform disturbed exposed in 2025 and 2050, while in 2075 

this meadow type and uniform undisturbed sheltered disappeared from the area. The 

probable seagrass total biomass across the meadows in the years 2025, 2050 and 2075 

are presented on Fig 18, Fig 19 and Fig 20, respectively. 
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Table 7. Total, above- and belowground biomass variation in whole ecosystem 

following RCP 4.5 scenario 

Year Survey area 

Total 

biomass 

per area  

(g DW) 

Aboveground 

biomass per 

area (g DW) 

Belowground 

biomass per 

area (g DW) 

2025 

Uniform disturbed exposed  753.3 117.6 635.7 

Mixed disturbed exposed  1,6632.8 4,000.7 12,632.1 

Uniform disturbed sheltered  19,204.7 2,997.1 16,207.6 

Mixed disturbed sheltered  15,766.3 3,792.3 11,974.0 

Uniform undisturbed exposed 18,004.9 2,809.9 15,195.0 

Mixed undisturbed exposed 61,786.7 14,861.7 46,925.0 

Uniform undisturbed sheltered 38,162.9 5,955.7 32,207.1 

Mixed undisturbed sheltered 9,353.0 2,249.7 7,103.3 

2050 

Uniform disturbed exposed  0.0 0.0 0.0 

Mixed disturbed exposed  19,902.1 4,787.1 15,115.0 

Uniform disturbed sheltered  31,210.2 4,870.7 26,339.5 

Mixed disturbed sheltered  22,229.6 5,347.0 16,882.7 

Uniform undisturbed exposed 8,445.8 1,318.1 7,127.8 

Mixed undisturbed exposed 73,281.1 1,7626.5 55,654.6 

Uniform undisturbed sheltered 3,413.0 532.6 2,880.4 

Mixed undisturbed sheltered 14,258.7 3,429.7 10,829.0 

2075 

Uniform disturbed exposed  0.0 0.0 0.0 

Mixed disturbed exposed  21,925.2 5,273.7 16,651.5 

Uniform disturbed sheltered  33,543.3 5,234.8 28,308.5 

Mixed disturbed sheltered  23,615.4 5,680.3 17,935.1 

Uniform undisturbed exposed 6,572.7 1,025.7 5,546.9 

Mixed undisturbed exposed 7,5819.9 1,8237.2 5,7582.7 

Uniform undisturbed sheltered 0.0 0.0 0.0 

Mixed undisturbed sheltered 1,8215.5 4,381.4 13,834.1 
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Figure 17. Seagrass total biomass in 2025 under RCP 4.5 climate change scenario 

 

Figure 18. Seagrass total biomass in 2050 under RCP 4.5 climate change scenario 
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Figure 19. Seagrass total biomass in 2075 under RCP 4.5 climate change scenario 
 

B. RCP 8.5 

On the ecosystem scale, total, above- and belowground biomass varied among 

the survey areas (Table 8). In all three predicted years, same as in RCP 4.5, they were 

the highest in mixed undisturbed exposed meadows, as this area expanded the most. On 

the other hand, the lowest values were in uniform disturbed exposed in 2025, while in 

2050 and 2075 this meadow type and uniform undisturbed sheltered disappeared from 

the area. The probable seagrass total biomass across the meadows in the years 2025, 

2050 and 2075 are presented on Fig 21, Fig 22 and Fig 23, respectively. 

 

Table 8. Total, above- and belowground biomass variation in whole ecosystem 

following RCO 8.5 scenario 

Year Survey area 

Total 

biomass 

per area  

(g DW) 

Aboveground 

biomass per 

area (g DW) 

Belowground 

biomass per 

area (g DW) 

2025 
Uniform disturbed exposed  206.6 32.2 174.4 

Mixed disturbed exposed  1,7384.8 4,181.6 13,203.2 
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Uniform disturbed sheltered  21,891.1 34,16.3 18,474.8 

Mixed disturbed sheltered  17,298.8 4,160.9 13,137.9 

Uniform undisturbed exposed 15,618.4 2,437.4 13,181.0 

Mixed undisturbed exposed 62,083.9 14,933.2 47,150.7 

Uniform undisturbed sheltered 27,277.3 4,256.9 23,020.4 

Mixed undisturbed sheltered 12,045.8 2,897.4 9,148.4 

2050 

Uniform disturbed exposed  0.0 0.0 0.0 

Mixed disturbed exposed  22,154.4 5,328.9 16,825.5 

Uniform disturbed sheltered  47,002.0 7,335.2 39,666.8 

Mixed disturbed sheltered  19,228.9 4,625.2 14,603.7 

Uniform undisturbed exposed 7,212.6 1,125.6 6,087.0 

Mixed undisturbed exposed 71,565.9 1,7213.9 54,351.9 

Uniform undisturbed sheltered 0.0 0.0 0.0 

Mixed undisturbed sheltered 18,935.3 4,554.6 14,380.7 

2075 

Uniform disturbed exposed  0.0 0.0 0.0 

Mixed disturbed exposed  23,046.0 5,543.3 17,502.7 

Uniform disturbed sheltered  47,381.9 7,394.5 39,987.5 

Mixed disturbed sheltered  23,271.6 5,597.6 17,674.0 

Uniform undisturbed exposed 5,339.5 833.3 4,506.2 

Mixed undisturbed exposed 75,916.5 18,260.4 57,656.1 

Uniform undisturbed sheltered 0.0 0.0 0.0 

Mixed undisturbed sheltered 23,801.6 5,725.1 18,076.5 

 

Figure 20. Seagrass total biomass in 2025 under RCP 8.5 climate change scenario 
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Figure 21. Seagrass total biomass in 2050 under RCP 8.5 climate change scenario  

 

Figure 22. Seagrass total biomass in 2075 under RCP 8.5 climate change scenario 
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In the similar manner as the biomass in present time, the total biomass in the 

future years followed the same trend that: high biomass areas were corresponding to 

the areas of uniform meadow (with E. acoroides), and lower biomass areas were 

corresponding to the areas of the mixed species meadows. 

 

4.2.3. Organic carbon storage 

A. RCP 4.5 

Total, above- and belowground carbon in the living vegetation on ecosystem 

scale highly varied among the survey areas (Table 9). In all three predicted years, it was 

highest in mixed undisturbed exposed meadows, as this area expanded the most. On the 

other hand, the lowest values were in uniform disturbed exposed in 2025, while in 2050 

this meadow type disappeared from the area. In 2075, uniform undisturbed sheltered 

meadow disappeared from the area as well. The probable seagrass total carbon in the 

living vegetation across the meadows in the years 2025, 2050 and 2075 are presented 

on Fig 24, Fig 25 and Fig 26, respectively. 
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Table 9. Variation of total (above- and belowground) carbon in living vegetation, sedimentary organic carbon and total organic carbon 

storage (carbon in vegetation and in sediment) in whole ecosystem following RCP 4.5 

Year Survey area 

Total carbon 

in living 

vegetation 

per area  

(Mg C) 

Aboveground 

carbon in 

living 

vegetation per 

area (Mg C) 

Belowground 

carbon in 

living 

vegetation per 

area (Mg C) 

Organic 

carbon in 

sediment per 

area (Mg C) 

Total organic 

carbon 

storage per 

area (Mg C) 

2025 

Uniform disturbed exposed  11.2 1.8 9.3 224.5 235.6 

Mixed disturbed exposed  226.7 53.0 173.7 6,342.3 6,549.5 

Uniform disturbed sheltered  284.4 46.4 238.0 5,722.5 6,006.9 

Mixed disturbed sheltered  214.9 50.2 164.7 6,011.9 6,208.2 

Uniform undisturbed exposed 266.6 43.5 223.1 5,365.0 5,631.6 

Mixed undisturbed exposed 842.0 196.7 645.3 23,560.0 24,329.6 

Uniform undisturbed sheltered 565.1 92.2 472.9 11,371.6 11,936.6 

Mixed undisturbed sheltered 127.5 29.8 97.7 35,66.4 3,682.9 

2050 

Uniform disturbed exposed  0.0 0.0 0.0 0.0 0.0 

Mixed disturbed exposed  271.2 63.4 207.9 7,588.9 7,836.8 

Uniform disturbed sheltered  462.1 75.4 386.7 9,299.9 9,762.0 

Mixed disturbed sheltered  303.0 70.8 232.2 8,476.4 8,753.3 

Uniform undisturbed exposed 125.1 20.4 104.7 2,516.6 2,641.7 

Mixed undisturbed exposed 998.7 233.3 765.4 27,942.9 28,855.7 

Uniform undisturbed sheltered 50.5 8.2 42.3 1,017.0 1,067.5 

Mixed undisturbed sheltered 194.3 45.4 148.9 5,437.0 5,614.6 

2075 
Uniform disturbed exposed  0.0 0.0 0.0 0.0 0.0 

Mixed disturbed exposed  298.8 69.8 229.0 8,360.3 8,633.4 
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Uniform disturbed sheltered  496.7 81.0 415.6 9,995.1 1,0491.7 

Mixed disturbed sheltered  321.8 75.2 246.7 9,004.8 9,299.0 

Uniform undisturbed exposed 97.3 15.9 81.4 1,958.5 2,055.8 

Mixed undisturbed exposed 1033.3 241.4 791.9 28,911.0 29,855.3 

Uniform undisturbed sheltered 0.0 0.0 0.0 0.0 0.0 

Mixed undisturbed sheltered 248.2 58.0 190.3 6,945.8 7,172.7 
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Figure 23. Seagrass total carbon storage in living vegetation in 2025 under RCP 4.5 climate 

change scenario 

 

Figure 24. Seagrass total carbon storage in living vegetation in 2050 under RCP 

4.5 climate change scenario 

 



38 

 

Figure 25. Seagrass total carbon storage in living vegetation in 2075 under RCP 

4.5 climate change scenario 

On ecosystem scale organic carbon in sediment highly varied among the survey 

areas (Table 9). It was the highest in mixed undisturbed exposed meadow, as this area 

expanded the most in all predicted years. On the other hand, the lowest values were in 

uniform disturbed exposed in 2025, while in 2050 this meadow type disappeared from 

the area. In 2075, uniform undisturbed sheltered meadow, as the previously mentioned 

meadow disappeared from the area.  

Total organic carbon storage on the ecosystem scale varied as well between the 

survey areas (Table 9). It was the highest in mixed undisturbed exposed meadow, while 

the lowest values were in uniform disturbed exposed meadow in 2025. In 2050, this 

meadow type disappeared from the area, and in 2075, uniform undisturbed sheltered 

meadow disappeared from the area as well. The probable seagrass total organic carbon 

storage across the meadows in the 2025, 2050 and 2075 are presented on Fig 27, Fig 

28 and Fig 29, respectively.  
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Figure 26. Total carbon storage in ecosystem in 2025 under RCP 4.5 climate 

change scenario 

 

Figure 27. Total carbon storage in ecosystem in 2050 under RCP 4.5 climate 

change scenario 
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Figure 28. Total carbon storage in ecosystem in 2075 under RCP 4.5 climate change 

scenario 

 

B. RCP 8.5 

On ecosystem scale, total, above- and belowground carbon in the living 

vegetation varied between the survey areas (Table 10). In all predicted years, it was 

highest in mixed undisturbed exposed meadow, as this area expanded the most. On the 

other hand, the lowest values were in uniform disturbed exposed in 2025, while in 2050 

this meadow type disappeared from the area. In 2075, uniform undisturbed sheltered 

meadow, same as previous meadow disappeared from the area. The probable seagrass 

total organic carbon storage within the living vegetation across the meadows in 2025, 

2050 and 2075 are presented on Fig 30, Fig 31 and Fig 32, respectively. 
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Table 10. Variation of total (above- and belowground) carbon in living vegetation, sedimentary organic carbon and total organic carbon 

storage (carbon in vegetation and in sediment) in whole ecosystem following RCP 8.5  

Year Survey area 

Total carbon 

in living 

vegetation per 

area (Mg C) 

Aboveground 

carbon in living 

vegetation per 

area (Mg C) 

Belowground 

carbon in living 

vegetation per 

area (Mg C) 

Organic carbon 

in sediment per 

area (Mg C) 

Total organic 

carbon storage 

per area (Mg 

C) 

2025 

Uniform disturbed 

exposed  
3.1 0.5 2.6 61.6 64.6 

Mixed disturbed 

exposed  
236.9 55.3 181.6 6,629.0 6,845.6 

Uniform disturbed 

sheltered  
324.1 52.9 271.3 6,523.0 6,847.1 

Mixed disturbed 

sheltered  
235.8 55.1 180.7 6,596.2 6,811.7 

Uniform undisturbed 

exposed 
231.3 37.7 193.5 4,653.9 4,885.2 

Mixed undisturbed 

exposed 
846.1 197.7 648.4 23,673.3 24,446.6 

Uniform undisturbed 

sheltered 
403.9 65.9 338.0 8,127.9 8,531.8 

Mixed undisturbed 

sheltered 
164.2 38.3 125.8 4,593.2 4,743.2 

2050 

Uniform disturbed 

exposed  
0.0 0.0 0.0 0.0 0.0 

Mixed disturbed 

exposed  
301.9 70.5 231.4 8,447.7 8,723.7 

Uniform disturbed 

sheltered  
695.9 113.5 582.4 14,005.4 14,701.3 
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Mixed disturbed 

sheltered  
262.1 61.2 200.8 7,332.2 7,571.7 

Uniform undisturbed 

exposed 
106.8 17.4 89.4 

2,149.2 2,256.0 

Mixed undisturbed 

exposed 
975.3 227.8 747.5 

27,288.9 28,180.3 

Uniform undisturbed 

sheltered 
0.0 0.0 0.0 

0.0 0.0 

Mixed undisturbed 

sheltered 
258.1 60.3 197.8 

7,220.2 7,456.1 

2075 

Uniform disturbed 

exposed  
0.0 0.0 0.0 

0.0 0.0 

Mixed disturbed 

exposed  
314.1 73.4 240.7 

8,787.7 9,074.8 

Uniform disturbed 

sheltered  
701.6 114.4 587.1 

14,118.6 14,820.2 

Mixed disturbed 

sheltered  
317.2 74.1 243.1 

8,873.7 9,163.6 

Uniform undisturbed 

exposed 
79.1 12.9 66.2 

1,591.0 1,670.1 

Mixed undisturbed 

exposed 
1034.6 241.7 792.9 

28,947.8 29,893.4 

Uniform undisturbed 

sheltered 
0.0 0.0 0.0 

0.0 0.0 

Mixed undisturbed 

sheltered 
324.4 75.8 248.6 

9,075.8 9,372.3 
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Figure 29. Seagrass total carbon storage in living vegetation in 2025 under RCP 8.5 

climate change scenario 

 

Figure 30. Seagrass total carbon storage in living vegetation in 2050 under RCP 8.5 

climate change scenario 
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Figure 31. Seagrass total carbon storage in living vegetation in 2075 under RCP 8.5 

climate change scenario 

 
Organic carbon in sediment on the ecosystem scale varied among the survey 

areas (Table 10). In 2025, it was the highest in mixed undisturbed exposed meadows, 

and in 2025, it was the lowest in uniform disturbed exposed. In 2050 this meadow type 

disappeared from the area, and in 2075, uniform undisturbed sheltered meadow, as well 

disappeared from the area.  

Total organic carbon storage on the ecosystem scale varied, as well between the 

survey areas (Table 10). It was the highest in mixed undisturbed exposed meadows, 

while the lowest values were in uniform disturbed exposed in 2025. In 2050, this 

meadow type disappeared from the area, and in 2075, uniform undisturbed sheltered 

meadow disappeared from the area. The probable seagrass total organic carbon storage 

across the meadows in 2025, 2050 and 2075 are presented on Fig 33 Fig 34 and Fig 35, 

respectively. 
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Figure 32. Total carbon storage in ecosystem in 2025 under RCP 8.5 climate change 

scenario 

 

Figure 33. Total carbon storage in ecosystem in 2050 under RCP 8.5 climate change 

scenario 
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Figure 34. Total carbon storage in ecosystem in 2075 under RCP 8.5 climate change 

scenario 

 

The loss of the meadow will not only affect carbon stored in the plants but more 

importantly it will trigger the release of the already buried carbon from the sediment 

(Marbà et al. 2015). The sediment becomes oxidized, stimulating the microbial 

remineralisation (Macreadie et al. 2014) and the stored carbon is released back into the 

ocean in the form of CO2 (Fourqurean et al. 2012). The area of seagrass carbon sink 

becomes a major carbon source. The increase of the CO2 concentration of ocean will 

disturb the equilibrium between air and water and by a direct ocean-atmosphere 

exchange the CO2 of the atmosphere will be affected.  

  



47 

4.3. FRAMEWORK 3: Estimations of the lost, gained organic carbon and biomass 

and its emissions/assimilations  

4.3.1 Seagrass area 

The area of seagrass meadows varied throughout the years. Table 11 

summarizes the increase (positive value) or decrease (negative value) of the seagrass 

area throughout the years in both RCPs. The biggest seagrass expansion was recoded 

in mixed undisturbed exposed, while the largest decrease in the meadow area was in 

uniform disturbed exposed (Table 10). 

The expansions and losses of the meadow area had different trend based on the 

type of the meadow:  

• In uniform meadows there was an increase of the area in 2025, followed by the 

decrease in 2050 and 2075 (Fig 36A) 

• In mixed meadows there was constant increase of the seagrass area throughout the 

years (Fig 36B).  

 

Figure 35. Trend of seagrass area change from present until 2075  
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Table 11. Seagrass area change throughout the years in RCP 4.5 and 8.5  

Climate change 

scenario 
Year Survey areas 

Seagrass 

area change 

(ha) 

RCP 4.5 

2025 

Uniform disturbed exposed  -13.9 

Mixed disturbed exposed  444.3 

Uniform disturbed sheltered  276.3 

Mixed disturbed sheltered  434.8 

Uniform undisturbed exposed 252.3 

Mixed undisturbed exposed 1,623.9 

Uniform undisturbed sheltered 556.8 

Mixed undisturbed sheltered 248.1 

2050 

Uniform disturbed exposed  -25.2 

Mixed disturbed exposed  535.6 

Uniform disturbed sheltered  456.4 

Mixed disturbed sheltered  615.3 

Uniform undisturbed exposed 108.9 

Mixed undisturbed exposed 1,944.9 

Uniform undisturbed sheltered 35.5 

Mixed undisturbed sheltered 385.1 

2075 

Uniform disturbed exposed  -25.2 

Mixed disturbed exposed  592.1 

Uniform disturbed sheltered  491.4 

Mixed disturbed sheltered  654.0 

Uniform undisturbed exposed 80.8 

Mixed undisturbed exposed 2,015.8 

Uniform undisturbed sheltered -15.7 

Mixed undisturbed sheltered 495.6 

RCP 8.5 

2025 

Uniform disturbed exposed  -22.1 

Mixed disturbed exposed  465.3 

Uniform disturbed sheltered  316.6 

Mixed disturbed sheltered  477.6 

Uniform undisturbed exposed 216.5 

Mixed undisturbed exposed 1,632.2 

Uniform undisturbed sheltered 393.5 

Mixed undisturbed sheltered 323.3 

2050 

Uniform disturbed exposed  -25.2 

Mixed disturbed exposed  598.5 

Uniform disturbed sheltered  693.3 

Mixed disturbed sheltered  531.5 
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Uniform undisturbed exposed 90.4 

Mixed undisturbed exposed 1,897.0 

Uniform undisturbed sheltered -15.7 

Mixed undisturbed sheltered 515.7 

2075 

Uniform disturbed exposed  -25.2 

Mixed disturbed exposed  623.4 

Uniform disturbed sheltered  699.0 

Mixed disturbed sheltered  644.4 

Uniform undisturbed exposed 62.3 

Mixed undisturbed exposed 2,018.5 

Uniform undisturbed sheltered -15.7 

Mixed undisturbed sheltered 651.6 

* Negative values indicate loss seagrass area, while positive suggest gain of the 

meadow area 

 

4.3.2. Organic carbon  

In some seagrass meadows there was a loss of sequestration ability (where the 

meadows decreased and/or disappeared), and in those areas stored organic carbon in 

the ecosystem is being released back to the atmosphere or to adjacent ecosystems. On 

the other hand, as the meadows increases their extents, carbon storage in ecosystem 

increased. Table 12 summarizes the losses or gains of organic carbon in different 

meadow types. The biggest loss of carbon storage was recorded in uniform disturbed 

exposed meadow in all years, while the largest gain of carbon was in mixed disturbed 

sheltered meadow.  

 

Table 12. Total organic carbon change in the seagrass meadows throughout the years 

in both climate change scenarios 

Climate 

change 

scenario 

Year Survey areas 

Total organic 

carbon change 

(Mg C) 

Total 

organic 

carbon 

change (%) 

RCP 4.5 2025 

Uniform disturbed exposed  -749.6 -24.1 

Mixed disturbed exposed  62,980.1 2,504.8 

Uniform disturbed sheltered  58,647.4 4,125.7 

Mixed disturbed sheltered  61,791.8 21,270.8 

Uniform undisturbed exposed 54,035.8 2,369.9 

Mixed undisturbed exposed 23,0618.7 1,819.2 
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Uniform undisturbed sheltered 116,761.2 4,482.0 

Mixed undisturbed sheltered 34,976.5 1,887.9 

2050 

Uniform disturbed exposed  -3,105.6 -100.0 

Mixed disturbed exposed  75,853.4 3,016.8 

Uniform disturbed sheltered  96,198.2 6,767.4 

Mixed disturbed sheltered  87,242.3 30,031.8 

Uniform undisturbed exposed 24,136.9 1,058.6 

Mixed undisturbed exposed 275,879.7 2,176.3 

Uniform undisturbed sheltered 8,070.1 309.8 

Mixed undisturbed sheltered 54,293.5 2,930.5 

2075 

Uniform disturbed exposed  -3,105.6 -100.0 

Mixed disturbed exposed  83,819.9 3,333.6 

Uniform disturbed sheltered  103,495.7 7,280.7 

Mixed disturbed sheltered  92,699.0 31,910.2 

Uniform undisturbed exposed 18,278.0 801.6 

Mixed undisturbed exposed 285,876.6 2,255.1 

Uniform undisturbed sheltered -2,605.1 -100.0 

Mixed undisturbed sheltered 69,874.0 3,771.5 

RCP 8.5 

2025 

Uniform disturbed exposed  -2,459.3 -79.2 

Mixed disturbed exposed  65,941.1 2,622.5 

Uniform disturbed sheltered  67,049.9 4,716.8 

Mixed disturbed sheltered  67,826.6 23,348.2 

Uniform undisturbed exposed 46,571.5 2,042.5 

Mixed undisturbed exposed 231,789.0 1,828.5 

Uniform undisturbed sheltered 82,713.1 3,175.0 

Mixed undisturbed sheltered 45,579.7 2,460.2 

2050 

Uniform disturbed exposed  -3,105.6 -100.0 

Mixed disturbed exposed  847,22.3 3,369.5 

Uniform disturbed sheltered  145,591.9 10,242.1 

Mixed disturbed sheltered  75,426.5 25,964.4 

Uniform undisturbed exposed 20,279.6 889.4 

Mixed undisturbed exposed 269,125.8 2,123.0 

Uniform undisturbed sheltered -2,605.1 -100.0 

Mixed undisturbed sheltered 72,708.1 3,924.4 

2075 

Uniform disturbed exposed  -3,105.6 -100.0 

Mixed disturbed exposed  88,233.2 3,509.1 

Uniform disturbed sheltered  146,780.3 10,325.7 

Mixed disturbed sheltered  91,345.4 31,444.2 

Uniform undisturbed exposed 14,420.8 632.5 

Mixed undisturbed exposed 286,257.3 2,258.1 

Uniform undisturbed sheltered -2,605.1 -100.0 
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Mixed undisturbed sheltered 91,870.0 4,958.7 

* Negative values indicate loss of the total organic carbon, while positive suggest gain 

of the total organic carbon in the ecosystem. 

3.3.3 Emissions and assimilations 

Many of the meadows, which store large amounts of organic carbon within their 

ecosystems, disappeared in the future climates, thus stored organic carbon stored was 

emitted back to the ocean and consequently to the atmosphere. The largest CO2 

emission was recorded in uniform disturbed exposed and uniform disturbed sheltered 

meadows (Table 13). In contrast, mixed meadows increased their carbon storage 

throughout the years, with the highest CO2 assimilation in mixed undisturbed meadows 

(Table 13).  

The released organic carbon from the ecosystems is in a form of CO2, which 

increases the concentration of carbon dioxide in the ocean, and disturbs the equilibrium 

between air and water, in a manner that ocean is emitting increased concentration of 

inorganic carbon into the atmosphere. Although, the emissions of these seagrass 

meadows are large, they are below global average of 0.15 Pg CO2 (Pendleton et al. 

2012). On the other hand, with the extensions of the meadow areas, the equilibrium is 

shifted towards higher CO2 absorption in the ocean from the atmosphere and decrease 

pf the carbon concentration in the atmosphere, consequently mitigating the climate 

change.  

Table 13. Emission and assimilation of CO2 in the seagrass meadows throughout the 

years in both climate change scenarios 

Climate 

change 

scenario 

Year Survey areas 
Emission/assimilation 

of CO2 (Gg) 

RCP 4.5 

2025 

Uniform disturbed exposed  -2.8 

Mixed disturbed exposed  231.1 

Uniform disturbed sheltered  215.2 

Mixed disturbed sheltered  226.8 

Uniform undisturbed exposed 198.3 

Mixed undisturbed exposed 846.4 

Uniform undisturbed sheltered 428.5 

Mixed undisturbed sheltered 128.4 

2050 
Uniform disturbed exposed  -11.4 

Mixed disturbed exposed  278.4 
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Uniform disturbed sheltered  353.0 

Mixed disturbed sheltered  320.2 

Uniform undisturbed exposed 88.6 

Mixed undisturbed exposed 1,012.5 

Uniform undisturbed sheltered 29.6 

Mixed undisturbed sheltered 199.3 

2075 

Uniform disturbed exposed  -11.4 

Mixed disturbed exposed  307.6 

Uniform disturbed sheltered  379.8 

Mixed disturbed sheltered  340.2 

Uniform undisturbed exposed 67.1 

Mixed undisturbed exposed 1,049.2 

Uniform undisturbed sheltered -9.6 

Mixed undisturbed sheltered 256.4 

RCP 8.5 

2025 

Uniform disturbed exposed  -9.0 

Mixed disturbed exposed  242.0 

Uniform disturbed sheltered  246.1 

Mixed disturbed sheltered  248.9 

Uniform undisturbed exposed 170.9 

Mixed undisturbed exposed 850.7 

Uniform undisturbed sheltered 303.6 

Mixed undisturbed sheltered 167.3 

2050 

Uniform disturbed exposed  -11.4 

Mixed disturbed exposed  310.9 

Uniform disturbed sheltered  534.3 

Mixed disturbed sheltered  276.8 

Uniform undisturbed exposed 74.4 

Mixed undisturbed exposed 987.7 

Uniform undisturbed sheltered -9.6 

Mixed undisturbed sheltered 266.8 

2075 

Uniform disturbed exposed  -11.4 

Mixed disturbed exposed  323.8 

Uniform disturbed sheltered  538.7 

Mixed disturbed sheltered  335.2 

Uniform undisturbed exposed 52.9 

Mixed undisturbed exposed 1,050.6 

Uniform undisturbed sheltered -9.6 

Mixed undisturbed sheltered 337.2 

* Negative values indicate emissions of CO2 into the atmosphere, while positive suggest 

sequestration of CO2 from the atmosphere  
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5. Concluding remarks 

5.1.  Organic carbon storage in seagrass ecosystems at the present time 

 Organic carbon storage in seagrass ecosystems was highly variable throughout 

the Andaman coast of Thailand. In comparison to the similar studies around Indo-

Pacific, carbon storage in the ecosystem of this study is leaning towards the upper limit, 

suggesting that the seagrass meadows in Thailand area are healthier than in nearby 

countries. Healthy seagrass meadows have high areal extents, high densities and with 

that high abilities to trap and sequester carbon from the environment, consequently 

retaining and storing higher amounts of carbon within their ecosystems. Most of the 

organic carbon, 98%, in the ecosystem was stored in the sediment, while small amounts 

were stored within living vegetation. This ability of the seagrass distinguishes them as 

a crucial ecosystem in the climate change mitigation, since the sedimentary carbon is 

trapped until seagrass area is lost. 

 Uniform meadows had higher carbon storage than mixed ones, which is 

supporting the concept that bigger size, constant species, with slow turnover rate have 

higher ability to store organic carbon in the ecosystems. Their long living shoots have 

higher capacity to longer retain resources and increase the rate of carbon sequestration. 

Although, it has been suggested that canopy complexity increases storage capacities, 

via carbon trapping and sequestration, the results of this study did not demonstrate this 

concept. Disturbed meadows had much lower carbon storage in the ecosystem than 

undisturbed meadows, suggesting that anthropogenic disturbance has high impact on 

carbon storage in the ecosystem. The human activities, which include boat anchoring, 

destructive fishing gears and shell collection, and runoff from the nearby agricultural 

fields and housing areas, have direct and indirect influence on the seagrass meadows. 

The destructive fishing and shell collection include placing out the seagrasses due to 

the search of the invertebrates; while the runoff indirectly influences the seagrass 

ecosystem. The increase of runoff will decrease light availability which is an important 

factor for seagrass growth and production. Although it was expected that sheltered 

meadows should store more carbon in the ecosystem, the results suggested that both 

meadows (sheltered and exposed) had similar amounts of carbon storage in the 

ecosystem. As seagrass meadows are highly connected with adjacent ecosystems 
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through organic matter flow, it is highly probable that the organic carbon has been 

transported to nearby ecosystems. Overall, undisturbed uniform meadows stored 

highest amount of carbon, suggesting that disturbance and meadow type highly affects 

carbon storage. These meadows are characterized with limited anthropogenic activities, 

which provide not only suitable environment, but without external limiting factors, for 

larger seagrass species to grow, to have higher production rates and expand their 

extents, which directly reflects on the carbon storage of the ecosystem. Thus these 

ecosystems are highly important, as the healthier meadows are not only characterized 

by the high carbon storage, but in the high ecosystem services as well.  

 The importance of this study is to set up a baseline knowledge for the carbon 

studies in Thailand, as well to appeal for proper management and conservation of the 

seagrass meadows. Moreover, the produced maps can assess the carbon “hot spot” 

areas, which can be incorporated in the carbon credit schemes.  

 

5.2.  Organic carbon storage in seagrass ecosystems in future 

 The results of this study indicated that uniform and mixed meadows have 

different trends of expansion/reduction of their areas throughout the years in the future. 

The organic carbon storage in the ecosystem is directly affected by the change of the 

seagrass area, as the loss of the seagrass meadows decreases the ability to trap and 

sequester carbon from environment and to retain sedimentary carbon. The results 

suggested that mixed meadows increased their areas throughout the years in the future, 

and consequently the carbon storage of the ecosystems increased. However, uniform 

meadows had different trend than mixed ones, as they expanded their extents by 2025 

and then started to diminish. The increase of the area indicated the increase in carbon 

storage, while the loss of the gained and original area decreased the meadow’s ability 

to trap, sequester and store carbon. Furthermore, few of the uniform meadows 

completely disappeared, suggesting that there was a big loss of stored carbon in the 

ecosystem. However, the increase of the mixed meadows is higher than the loss of the 

uniform meadows, suggesting that the carbon storage capacity will increase throughout 

the years in the future. The large seagrass area in the future will have higher carbon 

assimilation rates, reducing the carbon from the ocean environment. Through ocean-

atmosphere direct exchange the high carbon concentration from atmosphere will be 
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assimilated into ocean, consequently reducing the CO2 concentrations in the 

atmosphere. The reduced atmospheric carbon concentrations will decrease atmospheric 

temperature, consequently leading to the stabilization of the sea level and environment, 

thus mitigating the climate change.  

 Species distribution model created in this study had certain limitations, as it only 

included two environmental variables (SST and MSL). In order to create more tangible 

future predictions of the distribution of seagrass meadows other environmental 

variables need to be included. Moreover, anthropogenic influence model should be 

created as the seagrass meadows are highly affected by the run off from the coast in 

Southeast Asia. Predicting the future distribution of the seagrass meadows can be used 

to create conservation and management priorities in present time, so they can “avoid” 

specific scenario and not face total disappearance.  

 

5.3. Assimilation and emission of organic carbon in the seagrass ecosystem 

 This study presented that seagrass meadows extended their areas in the future 

climates. Since most of the meadows followed this trend, trapping and sequestration of 

carbon from adjacent ecosystems had great importance. The carbon from ocean and 

coastal ecosystems is being transferred to the seagrass meadows and sequestered, 

trapped and retained in the living vegetation and sediment, providing them higher 

assimilation rates of carbon from the atmosphere. The high expansions of the seagrass 

meadows throughout the years, suggest that more carbon will be trapped in the sink and 

more carbon can be assimilated to the ocean and coastal ecosystems, thus reducing the 

overall carbon concentration in the atmosphere. The concentrations of carbon in 

atmosphere will decrease, as it is being removed via natural carbon sinks, and 

consequently atmospheric temperature and other climate change associated variables 

will be reduced. However, uniform meadows expressed the decrease and disappearance 

of their areas in the future, which released the trapped carbon to the ocean and 

atmosphere, increasing already high inorganic carbon concentrations and aggravate 

effects of climate change.  
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6. Recommendation for future studies 

 This study presented that the seagrass meadows can be used as natural carbon 

sinks, which meadow type stores the highest amounts of carbon, how seagrass meadow 

would behave facing climate change and what could we expect from these meadows in 

terms of carbon in the future. However, this study provided only the baseline for various 

carbon studies, as more information is needed specifically on: 

1. Carbon flux of the seagrass meadow, so the complete picture of the carbon 

storage can be obtained. This information can be used to improve carbon prediction 

methodologies, which can be useful in the assessment of the carbon “hot spots”, proper 

management and conservation. Moreover, the knowledge of the complete carbon cycle 

would provide a step forward in the incorporation of the coastal organic carbon in 

carbon credit schemes. 

2. Integration of other environmental variables in the modeling of climate 

change methodologies. The climate change is associated with various environmental 

factors and their addition to the models is crucial to predict the seagrass distribution as 

tangible as possible. This would provide enough knowledge for management and set 

conservation priorities, so the meadows can “avoid” specific scenario of the severe loss 

of seagrass meadows.  

3. Creating an anthropogenic influence model, as seagrass meadows in 

Southeast Asia are highly affected by the coastal erosion and nutrient overload. The 

results from this model, together with the results of this study can create a better picture 

of the fate of seagrass meadows in this region.  

4. Obtaining the information of the other seagrass meadows in the upper 

Andaman coast and moreover in the Gulf of Thailand, so full and complete image of 

Thailand’s seagrass meadows can be gained. This would provide an overview of the 

carbon in the country and its access, which could lead to the increase of Thailand’s 

carbon budget and its integration to the compulsory carbon market.  
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