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 Abstract
 
Carbon minerelization is significant to studying the whole carbon cycling dynamics and food webs in coastal wetlands. It reflects the fate of carbon from litter decomposition to greenhouse gas emission but is often less emphasized than carbon storage in the management of coastal wetlands. This chapter presents the basic concepts, the unique characteristics of carbon mineralization, and current state of carbon cycling study in coastal wetlands. There is a lack of global perspective on carbon cycling in coastal wetlands except mangroves. We highlight that deciphering the factors influencing carbon mineralization is significant to determining the evolution of coastal wetlands and enhancing understanding on the future modification of food webs and biodiversity along the coastline. Anthropogenic activities affect carbon mineralization in coastal wetlands through related physico-chemical and biological processes. The types of anthropogenic activities include deforestation, land use change, pollution, human-induce species invasion, changes in consumer control, hydrologic alteration, resources extraction, and breakdown of landward margins. Coastal wetlands confront with climate change, including rising air temperature, precipitation fluctuation, sea level rise, and extreme weather events. They have impact on coastal wetlands through ecosystem conversion and impact on ecosystem function and health, phenology, physiological and metabolic processes, foundation species, and sediment biogeochemistry. A conceptual model of carbon mineralization in coastal wetlands is established with illustration on relevant processes, including ecosystem respiration, greenhouse gas emission from sediment- and water-air interfaces, belowground total carbon balance, as well as related processes, including bioturbation and inorganic carbon. We are motivated to synthesize research on carbon mineralization, counterbalancing the bias toward carbon storage in coastal wetlands. We highlight the necessity of systematic examination on the processes and principles of greenhouse gas production and emissions, as well as the linkage between vascular plant decomposition and greenhouse gas emission.
 
  
 
Keywords
 
Carbon mineralization; Coastal wetland; Blue carbon; Carbon cycling; Climate change; Anthropogenic disturbance; Litter; Decomposition; Sediment; Greenhouse gas
 
 
 
 1.1: Concepts and background
 
Carbon mineralization is defined as the conversion of organic to inorganic carbon and occurs mainly during organic matter decomposition (Molles, 2015; Purnobasuki and Suzuki, 2005). Carbon mineralization is a key process of carbon cycling in ecosystems, during which large organic polymers are decomposed into monomers, and ultimately transformed into inorganic carbon. This has significant implications for the studies of food webs, carbon accumulation, and carbon gas fluxes and thus on climate changes mitigation programs. There are several general definitions of wetlands or coastal wetlands. We adopt the general approach rather than a precise definition for coastal wetlands: coastal wetlands are ecosystems that develop within an elevation gradient that ranges between subtidal depths, where light penetrates to support photosynthesis of benthic plants, to the landward edge, where the sea passes its hydrologic influence to groundwater and atmospheric processes (Perillo et al., 2018). Coastal wetlands, lying between land and sea, are the hotspot of carbon cycling since carbon comes from both autochthonous sources (such as carbon fixed by vegetation and algae via photosynthesis) and allochthonous inputs, including riverine transport of terrestrial carbon and tidal transport of marine carbon. Vegetated coastal wetlands (including mangroves, tidal marshes, and seagrasses) have been coined as “blue carbon” ecosystems (Nellemann et al. 2009) since these ecosystems have a disproportionately important role in carbon sequestration (Breithaupt et al., 2012; Duarte et al., 2013; Ouyang and Lee, 2014). Despite the fact that blue carbon ecosystems only cover approximately 49 million hectares (Pendleton et al., 2012), their carbon accumulation capacity in sediments is one or two orders of magnitude higher than terrestrial ecosystems (Ouyang and Lee, 2014). Fig. 1.1 shows the global distribution of “blue carbon” ecosystems.

[image: Fig. 1.1]Fig. 1.1 Global distribution of “blue carbon” ecosystems. The distribution maps of mangroves, saltmarshes, and seagrasses come from 2010 Global Baseline of Mangrove Extent provided by Global Mangrove Watch (Bunting et al. 2018), global distribution of saltmarsh (ver. 4.0) (Mcowen et al. 2017), and global distribution of seagrasses (version 6.0) (UNEP-WCMC, 2018).
 
Coastal wetlands are unique habitats that are distinct from both terrestrial and oceanic ecosystems, which means the patterns and well-established carbon cycling models in latter ecosystems cannot be directly applied in coastal wetlands, especially blue carbon ecosystems. Oceanic sediments are saturated with relatively constant temperature, light, and physico-chemical conditions. Terrestrial soils are usually aerobic and well drained with lower water content except during flooding and heavy precipitation. By contrast, characteristics of coastal wetlands sediments are highly variable and depend notably on tides, season, position along the tidal zone, and plant species. Coastal wetlands experience periodical tidal flooding, importing, and exporting carbon from marine and terrestrial sources, but also electron acceptors influencing decay processes. These variabilities make carbon cycling be ever-changing in coastal wetlands, while carbon cycling in terrestrial and oceanic ecosystems are less variable and probably easier to constrain and assess. Better integration of carbon mineralization (especially decomposition) mechanisms into blue-carbon models may improve predictions of sediment organic carbon stocks and facilitate incorporation of coastal vegetated wetlands into global carbon budgets and management tools (Spivak et al., 2019). Further, vegetated coastal wetlands are habitats for vascular plants, including eudicot herbs in saltmarshes, eudicot trees and palms in mangroves, and alismatid moncots in seagrasses. Decomposition processes of lignin and cellulose from vascular plant in waterlogged and saline sediments depend on the redox conditions of the environment (Marchand et al., 2005). If carbohydrates are rapidly degraded, lignin-derived phenols are more refractory, and lost at lower rates than total bulk organic carbon, facilitating, on the one hand, their long-term storage in sediments (Lallier-Vergès et al., 2008), and on the other hand, their export to adjacent ecosystem and eventually to the open ocean (Dittmar et al., 2001).
 
Twelve years ago, a review synthesized data on mangrove primary production and carbon sinks and revealed that over 50% of the carbon fixed by mangroves was unaccounted for, notably because carbon mineralization was severely underestimated and quantified (Bouillon et al., 2008). This highlights the importance of carbon mineralization in constraining carbon budgets in global mangroves. After this review, there was a surge in the number of studies on carbon mineralization in mangroves. A search in Web of Science with combined topics including carbon mineralization, decomposition, and coastal wetlands as well as various substitutes for the terms show 15, 389 publications relevant to this topic in the past 10 years. This number is quite inspiring given the limited fundings sponsoring biogeochemical, environmental, and ecological studies on coastal wetlands worldwide. There are studies that try to better constrain the different components of the unaccounted carbon with more case studies. In terms of CO2 flux rate, Alongi (2014) and Rosentreter et al. (2018) estimated slightly lower rates (43 and 56.8 mmol m− 2 day− 1, respectively) in comparison with the previous review (59 ± 52 mmol m− 2 day− 1). In terms of sediment organic carbon accumulation rate, Breithaupt et al. (2012) updated the rate to reach 163 g C m− 2 year− 1 and revized the unaccounted carbon to be 104.3 g C m− 2 year− 1, which accounts for around 48% of carbon fixed by mangroves. However, there are few studies providing a global perspective on carbon cycling in other coastal wetlands.
 
Despite the importance of quantifying carbon mineralization to constrain carbon budgets, carbon mineralization is the engine underlying benthic dynamics. Deciphering the influence of forces, driving this process is critical in determining the evolution of coastal wetlands. On top of that, the lignin component of halophytes is less readily depolymerized, and detritus becomes lignin enriched in anoxic sediments (e.g., in coastal wetlands) and forms a major carbon sink in blue carbon ecosystems or is carried into the oceans (Cragg et al., 2019). This further strengthens the earlier justification on the role of coastal wetlands (e.g., mangroves and saltmarshes) in supporting nearshore communities by exporting carbon under favourable tidal conditions (Dame et al., 1986; Lee, 1995). If substantial amount of particulate organic carbon is exported during each ebb tide, the nutritional quality of mangrove-derived organic matter is low, being tannin-rich, challenging the processes, allowing mangrove-derived organic matter utilization by consumers. However, mangrove-derived carbon can be exported through different forms, porewater seepage induces dissolved inorganic carbon and CO2 export to tidal creeks and further (Maher et al., 2013); subsequently, the CO2 provided by the tidal pumping of mangrove pore water can be used by the phytoplankton for its development, and thus sustaining trophic chain in coastal waters (David et al., 2018). Studying organic carbon mineralization in coastal wetlands and its evolution with global changes will also help understanding the future modification of food chain and biodiversity along coastlines.
 
 
 1.2: Potential climatic and anthropogenic drivers for carbon mineralization
 
Coastal wetlands, especially blue carbon ecosystems, are hotspots of carbon sequestration, but the sequestered carbon tends to be mineralized, producing greenhouse gas (GHG, including CO2, CH4) subsequently emitted toward the atmosphere. Production and emissions of GHG may be enhanced by anthropogenic disturbance and climate change.
 
Blue carbon ecosystems are highly efficient in carbon sequestration and accumulation due to their high primary production, anoxic sediments, and efficiency in trapping suspended matter and associated inorganic/organic carbon during tidal inundation, and lignin-enriched detritus forming a major carbon sink (Bouillon et al., 2008; Cragg et al., 2019; Kristensen et al., 2008; Mcleod et al., 2011; Ouyang and Lee, 2020). However, anthropogenic disturbance and climate change may pose threats to carbon sequestered in blue carbon ecosystems and other coastal wetlands. In particular, sites with high sediment carbon stocks and where sediment undergoes physical disturbance have the high risk of CO2 emissions, and this risk is accentuated in settings that favor the decomposition of organic substance to CO2 (Lovelock et al., 2017) due to rapid exposure of organic carbon to fundamentally different biogeochemical environments and dispersal of organic carbon. Different coastal wetlands may lose at different rates subject to geographical regions and may confront with different disturbance activities; tidal marshes and seagrasses witness conversion rates of 1%–2% and 0.4%–2.6% (Pendleton et al., 2012), while recent loss rates of mangroves have declined to 0.16%–0.39% (Hamilton and Friess, 2018) due to mangrove restoration in some countries and regions (Lee et al., 2019; Vaiphasa et al., 2007). South Asia, Southeast Asia and Asia-Pacific contain around 46% of the mangrove forests but also demonstrate the highest global rates of mangrove loss (Gandhi and Jones, 2019), due to mangrove transformation to other land uses, e.g., rice and palm oil fields (Friess et al., 2020). Human impacts are documented to directly modify or destroy saltmarshes at the local scale (e.g., alteration of coastal hydrology, salt hay farming, and metal and nutrient pollution), the regional scale (e.g., subsurface withdrawal of groundwater, oil and gas), and even the global scale (e.g., human-induced climate change) (Gedan et al., 2009; Kennish, 2001). Saltmarshes are particularly susceptible to coastal eutrophication. Current nutrient loading rates to coastal ecosystems have overwhelmed the capacity of marshes to remove nitrogen without deleterious effects in many places (Deegan et al., 2012). Seagrass meadows are also increasingly stressed by human activities such as coastal construction, degradation of water quality and eutrophication-fuelled bloom-forming macroalgae (Orth et al., 2006; Waycott et al., 2009). Table 1.1 summarizes the impact of anthropogenic disturbance on biogeochemical processes related to carbon mineralization in coastal wetlands. Fig. 1.2 shows the anthropogenic disturbance on coastal wetlands. Land use change stemmed from anthropogenic disturbance was claimed to result in significant reduction in biomass and sediment organic carbon stocks but insignificant changes in GHG emissions (Sasmito et al., 2019). In contrast, restoration resulted in significant increase in carbon stock in comparison with degraded sites after 4 years and reach parity with natural sites after 7–17 years, while restored sites emit less than natural sites but more than degraded sites (O’Connor et al., 2020). Increased CH4 production in reforested mangrove sites was attributed to high capacity of CH4 production and decreased CH4 consumption resulting from the shift of sediment CH4-cycling microbial communities (Yu et al., 2020).


Table 1.1
Coastal wetlands confronting with different anthropogenic disturbance.	Anthropogenic disturbance	Type of influence	Impact on physico-chemical and biological processes related to carbon mineralization in coastal wetlands	References
	Vegetation removal	Deforestation	Deforestation results in the loss of aboveground biomass. Biomass carbon stocks recovered over the first 40 years after regeneration, but there is nonsignificant recovery of sediment bulk density despite an obvious increase in carbon content. Plantation after vegetation removal may alter the partitioning of CO2 from difference sources	Sasmito et al. (2019) and Ouyang et al. (2018a)
	Transformation to other land uses (e.g., aquaculture ponds, salt works, urban lands, rice and oil palm fields)	Land use change	Land use change causes substantial reduction in biomass and soil carbon stocks. Sediment carbon is exposed to destabilization or exposed to oxygen, resulting in increased microbial activities. Aquaculture can reduce mangrove growth rates, increase mangrove mortality rates, and lead to ecological degradation through excess pond waste materials in sediments discharged from adjacent aquaculture ponds. Urbanization has profound effect on the hydrological and sedimentary regimes and the dynamics of nutrients and contaminants	Friess et al. (2020), Vaiphasa et al. (2007), Lee et al. (2006), and Sasmito et al. (2019)
	Eutrophication, metal pollution, waste dumping, Sewage discharge	Pollution	Eutrophication results in restructured plant zonation. Relief of nitrogen limitation for nitrogen-limited species causes an increase in aboveground plant height and biomass and often accompanied reduction in belowground biomass. Nitrogen and phosphorus enhance microbial activity, carbon assimilation, and accumulation. The continuous availability of high nitrate in the water and more decomposable detritus increase decomposition rates. Heavy metal uptake by wetland vascular plants inhibits photosynthetic activity. Sewage pollution may also constrain bioturbation activities. Plastic pollution increases CO2 emission and leafdrop.	Lee et al. (2006), Deegan et al. (2012), Orth et al. (2006), Waycott et al. (2009), Bartolini et al. (2011), Herbert et al. (2020), and Ouyang et al. (2022)
	Introduction of nonnative species	Species invasion	Plant invasion affects plant and animal communities and density, reduces aquatic habitat quality by infilling nearby water bodies, has effects on physiochemical and hydrodynamic environment, detritus quality and availability. Introduced species may decay at lower rates in the invaded sites than its native habitats	Siple and Donahue (2013)
	Runaway consumer effects	Changes in consumer control	Consumer control triggered by human disturbances has catastrophic consequences on animal populations and structure	Silliman et al. (2005)
	Ditching, tidal restriction, damming, dredging, drainage, leveeing	Hydrologic alteration	Impoundments lower inorganic sediment inputs from land drainage. Dredging alters salinity, water levels, and the input and dispersal of sediments across marsh surfaces. Canals and associated levees modify hydrologic processes and greatly reduce the mineral sediment supply. Altered hydrology related to levees also impacts sediment chemistry. Damming causes a sharp drop in sediment loading. Diking and accompanied drainage disrupt salinity gradients and cause an abrupt transition from halophytic vegetation to brackish and freshwater species. Diked and drained sediments become acidified, and organic matter is more rapidly oxidized	Gedan et al. (2009), Spivak et al. (2019), Ezcurra et al. (2019), and Kennish (2001)
	Salt production, pasturelands for livestock, harvest for timber, and others	Resources extraction	Animal grazing removes biomass, affects plant species composition, and compacts the sediments, resulting in higher sediment salinities. Drainage and peat removal for salt collection in wetlands result in wetland degradation	Gedan et al. (2009)
	Concrete and earthen seawall and road construction on the migration pathway of mangroves	Breakdown of landward margins	Seawall blocks the path of plant migration and creates a narrowing shoreline—a phenomenon known as “Coastal squeeze.” This results in the higher ratio of endangered species and destroys sea-to-land connectivity by disrupting hydrodynamic patterns, organism movements, nutrient flows, and modifying sediment balance	Wang et al. (2020) and Doody (2004)



[image: Fig. 1.2]Fig. 1.2 Anthropogenic disturbance on coastal wetlands. Pictures are provided by Xiaoguang Ouyang and Shing Yip Lee.
 
Climate change has profound influence on coastal wetlands, in particular their carbon cycling and related processes. Increasing atmospheric CO2 concentrations were observed to lengthen the growing season of coastal marshes, the phenological changes of which may increase CO2 uptake (Mo et al., 2019). Sea level rise was projected to result in the submersion of most of the Indo-Pacific mangroves by the end of the 21st century without considering inland migration (Lovelock et al., 2015). However, with nature-based adaptation solutions, coastal wetlands were estimated to gain area with rising sea levels which create accommodation space for inland migration (Schuerch et al., 2018). This kind of solutions can be implemented in coastal regions where seawalls and other hurdles prohibiting landward migration of wetland plants.
 
Coastal wetlands mitigate the negative impact of extreme weather events (Ouyang et al., 2018b), such as cyclones, droughts, and heatwaves, on coastal communities. However, these events may restructure ecosystems (Stuart-Smith et al., 2018). For example, extreme climatic conditions including high temperature, drought, and EI-Niño-Southern Oscillation-induced low sea level resulted in severe mangrove mortality along around 1000 km of Australian coastline (Duke et al., 2017). Extreme weather events may have profound impact on coastal wetlands and some impacts are long-lasting and irreversible (Harris et al., 2018). For example, hurricanes may result in the loss and conversion of mangroves to mudflat or saltmarshes due to the long-term consequences of sediment deposition or smothering rather than the immediate effects of winds or waves arising from hurricanes (Paling et al., 2008). Table 1.2 summarizes the impact of climate change on biogeochemical processes related to carbon mineralization in coastal wetlands.


Table 1.2
Coastal wetlands confronting with climate change.	Climate change	Type of influence	Impact on physico-chemical and biological processes related to carbon mineralization in coastal wetlands	References
	Rising air temperature	Ecosystem conversion	Nonlinear temperature thresholds regulate the potential for marsh-to-mangrove conversion. Tropical seagrasses are expanding and replacing temperate seagrasses	Gabler et al. (2017) and He and Silliman (2019)
	Ecosystem function	Mangrove encroachment in salt marshes under warming can promote wetland carbon stock	Saintilan and Rogers (2015)
	Phenology	Rising air temperature increases the growing season of wetland plants and thus carbon production in biomass	Mo et al. (2019)
	Physiological/metabolic processes	Photosynthesis and respiration increase with temperature within the range of species tolerance (before the tolerance threshold is reached and acute thermal death occurs). Rising temperature may increase root decomposition rates in mangroves and saltmarshes	He and Silliman (2019) and Ouyang et al. (2017)
	Precipitation	Foundation species	Precipitation thresholds exist for dominance by various functional groups, including succulent plants and unvegetated mudflats	Gabler et al. (2017)
	Physiology	Precipitation may regulate root decay processes by influencing oxygen supply to, and thus the redox potential of sediments, as well as their salinity	Ouyang et al. (2017)
	Sea level rise	Ecosystem conversion	Rising sea levels create accommodation space that allows saline ecosystems to migrate to brackish, freshwater, or even upland ecosystems	Schuerch et al. (2018)
	Ecosystem function	Conversion of freshwater wetlands or upland ecosystems to coastal wetlands results in the increase of carbon stock. On the other hand, the stored carbon deposits in submerged mangroves may be eroded by wave action and oxidized back to CO2. By contrast, flooding of a marsh or mangrove may also permanently bury the accumulated peat and inhibit its decomposition. Rising sea levels may reduce organic decomposition rates, and thus increase the carbon storage capacity of intertidal sediments	He and Silliman (2019) and Mcleod et al. (2011)
	Physiology	Rising sea levels can increase inundation stress, reducing the photosynthesis and growth of salt marshes and mangroves on their seaward edge	He and Silliman (2019)
		Sediment biogeochemistry	Sea level rise induces saltwater intrusion and increases inundation, which reduce the pool of the organic carbon substrate but may expand that of microbes with strong carbon metabolism capacities. Sulfate availability also increases with increasing salinity, while availability of other electron acceptors could transiently increase but would finally decline with increasing salinity and inundation periods	Luo et al. (2019)
	Extreme weather events	Ecosystem health and conversion	Extreme high water levels and storms may affect the position and health of coastal wetlands through altered sediment elevation and sulfide sediment toxicity. Hurricanes may result in massive mangrove dieback and conversion to tidal mudflats or other ecosystems, such as tidal marshes	Gilman et al. (2008), Smith et al. (2009), and Paling et al. (2008)
	Physiology	Hurricanes result in plant mortality, decrease in leaf area index and living tree densities, and crown damage. Canopy loss decreases with distance from the hurricane eyewall. Few saplings survive hurricanes	Sherman et al. (2001), Milbrandt et al. (2006), Li et al. (2007), and Salmo et al. (2014)
	Sediment biogeochemistry	Microbial biomass and extracellular enzyme activities would be lower in the storm sediment layer arising from hurricane input. Allochthonous mineral inputs from hurricanes represent a significant source of nutrient resources	Breithaupt et al. (2020) and Castañeda-Moya et al. (2010)


 
 
 1.3: Conceptual model on carbon mineralization and related processes
 
Carbon mineralization is a complex process from litter decomposition to greenhouse gas production and is related to other carbon cycling processes and sedimentology in coastal wetlands. Carbon dioxide emission from the water column or the sediment is a component of ecosystem respiration that also includes carbon assimilated or expired by halophytes.
 
The waterlogged and anoxic conditions prevailing in coastal wetland sediments induce slow decomposition rates. Accordingly, CO2 releases at the sediment-air interface in these wetlands are lower than those measured both in temperate and tropical terrestrial environments. Nevertheless recent studies showed that GHG emission are highly variable and depend on ecosystems productivity, position along the tidal elevation gradient, anthropogenic impact, and seasons (Kristensen et al., 2017). In addition, high rates of methanogenesis can also occur in coastal wetland sediments influenced by freshwater, even in sulfate-rich environment, methanogenic bacteria can coexist with sulfate-reducing ones producing high amount of CH4 (Chauhan et al., 2015). Carbon gases produced during carbon mineralization, either CO2 or CH4, emit from the sediment- or water-air interfaces through or accelerated by an array of pathways, including (1) diffusion, (2) ebullition, (3) aerenchyma tissues, (4) xylem and tap tissues, and (5) animal bioturbation.
 
Decomposition fuels carbon mineralization and has an important role in carbon cycling in coastal wetlands. Plant litter in coastal wetlands contains lignocellulose—an energy-rich polymer consisting of cellulose, hemicelluloses, and lignin that is resistant to enzymatic decomposition (Cragg et al., 2019). This results in the high proportion of autochthonous carbon stored in sediments and contributes to high carbon accumulation capacity of coastal wetlands (Ouyang et al., 2017). Nonetheless, macroinvertebrate (e.g., crabs) can breakdown leaf litter and thus increase the surface area to volume ratio of litter, facilitating microbial decomposition and physical leaching of feeding deterrents (Lee, 1997; Werry and Lee, 2005). Decomposition of sediment organic matter is another source of carbon input to carbon stock in coastal wetlands. The decomposed organic matter originates not only from autochthonous litter inputs but also from allochthonous organic matter inputs from riverine and marine sources. The rate of organic matter decomposition in marine sediments is donor controlled and closely associated with its production, transport, and alteration in the ocean (Arndt et al., 2013).
 
Organic carbon in coastal wetlands is mineralized in sediments and porewaters by microbial transformations. Much of the produced carbon gases dissolve in porewater under relatively high in situ pressure, which result in significant supersaturation, and finally part of the gases escape to the atmosphere through diffusion and direct ebullition (under submergence) (Dutta et al., 2013). King (1984) found that CH4 ebullition is a significant process varying both seasonally and spatially in tidal marshes. Estimates of the magnitude of CH4 inputs to the atmosphere by ebullition suggest that it may be as important as diffusional losses across the sediment-air interface (Bartlett et al., 1985).
 
Some coastal wetland plants have aerenchyma tissues (e.g., pneumatophores) that transport carbon gas produced underground to the atmosphere. The aerenchyma of young Avicennia marina horizontal roots and pneumatophores has a tubular, nonrandom structure, the tubes being relatively straight, with air spaces representing 70% of the total root volume (Curran, 1985). Kitaya et al. (2002) confirmed that gas movement through the lenticels and aerenchyma passages in the pneumatophores of A. marina and Sonneratia alba and prop roots of Rhizophora stylosa. Pneumatophores have open lenticels during emersion, permitting rapid diffusion of gases into (e.g., O2) and from (e.g., CO2 and CH4) deep sediments through the air-filled aerenchyma tissue to the atmosphere (Purnobasuki and Suzuki, 2005) but can also stimulate sulfate reduction via root exudates (Kristensen and Alongi, 2006).
 
Bioturbation of macroinvertebrates (e.g., crabs) can increase the surface area of the sediment water/air interface (Lee, 2008) and re-distribute sediments. Mangrove crabs are coined as ecosystem engineer since their burrowing activities have considerable impact on ecosystem functioning (Kristensen, 2008). Both the sediment percolation rate and sediment hardness were demonstrated to be significantly higher outside than inside the crab inhabited areas (Bortolus and Iribarne, 1999). Burrowing activities of macroinvertebrates can alter fundamental biogeochemical processes, which may also be regulated through vertical re-distribution of sediments during burrow maintenance and construction (e.g., Botto and Iribarne, 2000). Ocypodid crabs, e.g., Uca spp. may oxygenate marsh sediments and promote sediment drainage via burrowing activities (Iribarne et al., 1997). Moreover, the tidal subsidy effect in coastal wetlands is apparently regulated by bioturbating activities of burrowing and deposit-feeding macrofauna such as crabs, whose burrows may remarkably give rise to porewater flow and aeration of the sediment (Lee, 1999).
 
There are emerging evidences of carbon gases emitted belowground to the air via other avenues. Methane emission from mangrove stems is attributed to the pressurized process (xylem and sap flow) in spite of the nonpressurized diffusion process, and the flux is higher from dead than from live threes since dead trees have an array of empty internal cavities that facilitate more upward diffusive flux than live trees do (Jeffrey et al., 2019). Fluxes of CO2 from coarse mangrove woody debris (2.34 ± 0.23 μmol m− 2 s− 1) were reported to be even higher than those from prop roots (1.94 ± 0.45 μmol m− 2 s− 1) (Troxler et al., 2015).
 
 Fig. 1.3 describes the carbon mineralization and related processes in coastal wetlands. Table 1.3 shows the relevant terms in each chapter of the book. The relevant processes are described as below.

	(1) Ecosystem respiration
Recosystem=Rdiff+Rbioturb±Rbiomass±RMPBRdiff=Rdiff1+Rdiff2+Rdiff3


[image: si1_e]


where Rdiff is the diffusive flux from sediment surfaces (Rdiff1), and/or water surfaces, bubbling from the water column (Rdiff2, only included when the ecosystem is inundated), and plant aerenchyma or xylem and tap tissues (Rdiff3, e.g., stems/branches and pneumatophores), Rbiomass and RMPB are CO2 assimilated via photosynthesis or respired by plants and microphytobenthos and can be positive or negative depending on the balance between photosynthesis and respiration. Rbioturb is the sum of epifauna respiration and increase in GHG emission from bioturbation activities.

	(2) GHG emission from sediment-air interface (emerged)
Rsed=Rdiff1+Rdiff3+Rbioturb±RMPB


[image: si2_e]


where Rsed is GHG emission from sediment-air interface, including Rdiff1, Rdiff3, Rbioturb, and RMPB.

	(3) GHG emission from water-air interface (submerged)

 
   R water  =  R  diff 2   +  R bioturb ′  ±  R MPB ′   
 
 
 [image: si3_e]
 
 
  [image: Fig. 1.3]  Fig. 1.3  Conceptual model describing carbon mineralization and related processes in coastal wetlands.   

 
 Table 1.3 
 A list of above terms and processes to be included in the various book chapters.   	Term 	Chapters 
    	All 	Chapter 1: Introduction 
  	 C root, Clitter, Cdec, Cmin, Cdis 	 Chapter 2: Decomposition of vascular plants and carbon mineralization in coastal wetlands 
  	 R diff (Rdiff1, Rdiff3), Rbioturb, RMPB, Rsed 	 Chapter 3: CO2 and CH4 emissions from coastal wetland soils 
  	 R biomass, Recosystem 	 Chapter 4: Biosphere-atmosphere greenhouse gas fluxes at the ecosystem scale 
  	 C benthos  	 Chapter 5: Macrofaunal consumption as a mineralization pathway 
  	 R diff (Rdiff2), Rbioturb′, RMPB′, Rwater 	 Chapter 6: Water-air gas exchange of CO2 and CH4 in coastal wetlands 
  	 R sed and others 	 Chapter 7: The impact of climate change on greenhouse gas emission 
  	 R bioturb, Rsed 	 Chapter 8: The role of biogenic structures for greenhouse gas balance in vegetated intertidal wetlands 
  	 R sed and others 	 Chapter 9: Greenhouse gas emission from anthropogenic disturbances 
  	All 	 Chapter 10: Carbon storage and mineralization in coastal wetlands 
  
 
 
where Rwater is GHG emission from water-air interface, including Rdiff2, Rbioturb′, and RMPB′.

	(4) Belowground total carbon balance
Cin+Croot+Clitter=Csed+Cdec+Cout+Cbenthos±CinorganicCdec=Cmin+Cdis


[image: si4_e]


where Cin is the rate of allochthonous carbon input rate from marine or riverine sources, Croot is the dead root C production, Clitter is the litter C production, Cdec is the rate of carbon from SOM, litter, root decomposition, and excretion, Csed is the carbon buried rate (both organic and inorganic) in sediments, Cmin is the respiration rate of carbon from the decomposition processes, Cdis is the rate of carbon dissolved in porewater and export via groundwater, Cout is the rate of carbon export via tides, Cbenthos is the rate of benthos-processed carbon from sources such as leaf litter and MPB, and △ Cinorganic is the change rate in Cinorganic due to dissolution or calcification.

	(5) Processes related to carbon mineralization
	(1) Cbenthos
where Cbenthos is related to CO2 respired by epifauna in Rbioturb.

	(2) Cinorganic
where Cinorganic is the sediment inorganic carbon from skeletons, shells, feces, and nonbiogenic carbonate minerals. It will be transformed to bicarbonate and then CO2 and vice versa by dissolution or calcification processes. It is related to Rdiff.



 
 
 1.4: Motivation for writing the book
 
The book is the first synthesis of research on carbon mineralization in coastal wetlands, counter-balancing the bias toward carbon storage in these systems.
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