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Highlights

	•Emissions of CO2 and CH4 are higher by 2.6 and 6.6 times in mangrove forest than their replacement non-forest land uses.

	•N2O emission is higher by 34 times in non-forest land uses than mangroves.

	•Mapping spatial variation of soil GHG fluxes had 75% to 83% accuracy.

	•Non-forest land uses cannot offset their emissions on-site due to lack of woody vegetation.




Abstract
Mangrove forests are important carbon sinks in the tropics, yet tropical mangrove deforestation and land use conversion still persists. Reporting of greenhouse gas (GHG) emissions from natural and anthropogenic sources in wetlands are important in regional and national emissions inventories. However, very few studies have been conducted to measure on the GHG fluxes in coastal wetlands, particularly in mangrove forest and non-forest land uses in deforested mangroves. We investigated the soil fluxes of CO2, CH4 and N2O in mangrove forest and non-forest land uses on deforested mangrove areas (i.e. abandoned aquaculture ponds, coconut plantations, abandoned salt ponds, and cleared mangroves) in the coasts of Honda Bay, Philippines. Results showed that the emissions of CO2 and CH4 were higher by 2.6 and 6.6 times in mangrove forests (110 and 0.6 kg CO2e ha − 1 day − 1, respectively) while N2O emissions were lower by 34 times compared to the average of non-forest land uses (1.3 kg CO2e ha − 1 day − 1). CH4 and N2O emissions accounted for 0.59% and 0.04% of the total emissions in mangrove forest as compared to 0.23% and 3.07% for non-forest land uses, respectively. Site-scale soil GHG flux distribution could be mapped with 75% to 83% accuracy using Ordinary Kriging. Unlike mangroves that can offset all GHG emissions through CO2 uptake from photosynthesis, the non-forest land uses cannot offset their emissions on-site as they are usually devoid of vegetation. Our results could be utilised in higher tier national GHG inventories, to refine regional and global estimates of GHG emissions in mangrove wetlands, and improve policy on coastal wetlands conservation.





Introduction
Mangrove forests are important ecosystems inhabiting the coastal wetland of tropical and subtropical countries. They provide timber and other construction materials, fuelwood, fishery products and performs critical ecological functions such as biodiversity conservation, storm protection, sediment regulation, and coastal stabilisation, among others (Koch et al., 2009, Barbier et al., 2011, Salmo et al., 2013). Recently, mangroves have been increasingly recognised as among the most carbon dense tropical forests (Murdiyarso et al., 2010, Kauffman et al., 2011, Adame et al., 2013, Murdiyarso et al., 2015, Bhomia et al., 2016). Southeast Asian countries hold > 30% of the remaining mangroves in the world, estimated to be between 13,776,000 and 15,236,000 ha (Spalding et al., 2010, Giri et al., 2011).
On a global scale, approximately 3.6 million ha of mangroves had been deforested and converted to other land uses since 1980. However, deforestation rate has declined to 102,000 ha yr− 1 during the period 2000–2005 from 185,000 ha yr− 1 in the 1980s (FAO, 2007). In Southeast Asia, recent estimates of mangrove deforestation and land use conversion were about 9535 ha per year during the period 2000–2012, mostly to make way mostly for aquaculture, rice farms and oil palm plantations (Richards and Friess, 2015).
Overexploitation, conversion of mangroves to aquaculture, agriculture, urban, tourism and industrial developments in the coastal area are considered to be among the drivers of global mangrove loss (Alongi, 2002, Giri et al., 2011, Murdiyarso et al., 2013, Richards and Friess, 2015). In the Philippines, for example, conversion of mangroves to aquaculture ponds is considered the main reason for mangrove loss. Other causes are overexploitation and conversion to other non-forest land uses such as agriculture, salt ponds and settlements (Primavera and Esteban, 2008). Mangrove clearing and land reclamation results in the emission of stored carbon (C) in the form of CO2 and other GHG through oxidation (Lovelock et al., 2011). Also, aquaculture and agriculture add nutrients to the system which can enhance the metabolism of soil microorganisms resulting in the emissions of N2O and CH4 (Chen et al., 2010).
Carbon dioxide, CH4 and N2O are the three main GHGs being monitored in the land use sector by the International Governmental Panel on Climate Change since 1990 (IPCC, 2013). Accurate reporting of GHG emissions from wetlands is, therefore, essential for regional and national emissions inventories. Compared to tropical peatlands (Hadi et al., 2005, Hergoualc'h and Verchot, 2011, Hergoualc'h and Verchot, 2012), the effects of mangrove land use conversion on soil fluxes of the three GHGs are not yet fully understood. For mangroves, the soil GHG fluxes could be minimal to substantial depending on anthropogenic influences (Chen et al., 2010, Chen et al., 2014). Several soil and vegetation characteristics (referred to in this paper as environmental site variables) are reported to influence the GHG fluxes in mangrove soil. For instance, CO2 fluxes are related to soil organic matter content, soil moisture content, redox potential, salinity and porosity (Chen et al., 2010, Chen et al., 2014), and Leaf Area Index (Lovelock, 2008). CH4 fluxes in wetlands are related to salinity (Purvaja and Ramesh, 2001, Allen et al., 2011, Poffenbarger et al., 2011) whilst N2O flux is influenced by nitrate loading, salinity and porosity (Allen et al., 2007, Chen et al., 2010, Howard et al., 2014). The soil fluxes of the three GHGs, however, have not been measured simultaneously in non-forest land uses in deforested mangroves along with the mangrove forest that they replaced. Fluxes of CH4 and N2O have not been assessed for aquaculture ponds, salt ponds and coconut plantations that are formerly occupied by mangroves as well as in mangrove areas that were cleared of vegetation. Simultaneous measurements of the three GHG fluxes are necessary to evaluate their relative importance (Cobb et al., 2012).
In addition, site-scale information on the spatial variation of soil GHG fluxes is needed in order to identify priority areas for management intervention. Available studies on GHG fluxes in coastal wetlands are based on few plots from which the spatial variation in the entire study site is inferred. Maps of soil GHG fluxes produced from modelling the spatial variation of the soil GHG fluxes are, therefore, essential for designing effective programs aimed at reducing GHG emissions from soil.
The broad aim of our study was to evaluate how deforestation and land use change in forested coastal wetland affect the soil fluxes of CO2, CH4 and N2O. We investigated the fluxes of these three GHGs under mangrove forests and compared with four non-forest land uses that replaced mangroves (i.e. abandoned aquaculture ponds, coconut plantations, abandoned salt ponds and cleared mangroves). Specifically, the study aims to: 1) quantify the fluxes of CO2, N2O and CH4 in mangrove forests and non-forest land uses that replaced mangroves; 2) determine the relationship of these GHGs with selected environmental site variables; and 3) evaluate the accuracy of the output from GIS-based spatial modelling/interpolation of site-scale variation of GHG fluxes.



Section snippets
Site description
The study was conducted in July 2015 in the southern coast of Honda Bay, eastern coast of Puerto Princesa City in the island-province of Palawan, Philippines (between latitude 9.8028°N to 9.9612°N and longitude 118.725°E to 118.805°E; Fig. 1). The city is about 567 km south-west of Manila, the Philippines' capital. It has a tropical climate, wet (> 115 mm) from May to December and dry (< 55 mm) from January to April. The site receives a mean annual rainfall of 1527 mm. February and March are the
GHG fluxes
The mean CO2 emission varied significantly between mangrove forests (0.24 to 9.25 μmol m− 2 s− 1) and non-forest land uses that replaced mangroves (0.07 to 4.32 μmol m− 2 s− 1; P < 0.001; Fig. 3). The mean CO2 emission rate in mangrove forests (2.90 μmol m− 2 s− 1) was 61.2% higher than the non-forest land uses (1.12 μmol m− 2 s− 1, P < 0.001). The mean emission rate in non-forest land uses was highest in the abandoned salt pond (2.25 μmol m− 2 s− 1) and lowest under the cleared mangroves and the coconut plantation which
Discussion
Very few studies have simultaneously measured the fluxes of three GHG gases in the mangrove soil and in land-uses that are formerly occupied by mangroves. In this study, the mean estimates for the fluxes of the three GHGs under mangrove forests fell within the range reported in the literature (Table 5). The GHG flux estimates in this study are five times higher as compared to the fluxes of pristine mangrove forest in Indonesia (Chen et al., 2014) but in the lower limit of the summer GHG fluxes
Conclusion
The soil CO2 and CH4 fluxes in land uses that replaced mangroves were lower than that of mangrove forests, except for N2O fluxes which are lower in mangroves. The soils of mangrove forest and non-forest land uses in deforested mangrove lands are net sources of the three GHGs. We also found significant site correlates of the three GHGs. Modelling the spatial variation of the fluxes of the three GHGs is possible with some degree of accuracy using Ordinary Kriging technique, as shown by the good
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	Status, limitations, and challenges of blue carbon studies in the Philippines: A bibliographic analysis
2023, Regional Studies in Marine Science

Show abstract
In the Philippines, mangrove and seagrass ecosystems have been studied since the 1970s, but only recently on its carbon storage capacity. Knowledge on the status of blue carbon (BC) research in the country will allow better conservation, restoration, and advancement of research. We synthesized BC studies in the Philippines following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol. We analyzed 81 records (64 on mangroves, 8 on seagrasses, and 9 on mangroves and seagrasses) out of 875 documents published between 1979–2022 from Web of Science and Scopus databases, local journals, and gray literatures. Mangroves were more commonly investigated in BC studies while seagrasses had less attention. High percentage of records (41%) were cataloged in local databases which are not indexed internationally, limiting readership within and beyond the country. BC studies in the Philippines were mostly funded by international agencies which may indicate lack of prioritization from the government. Mangrove total ecosystem carbon stock values (mean ± SE: 400 ± 51 Mg ha −1) were highly variable which can be strongly attributed to biomass and mean annual precipitation, and moderately attributed to age and areal extent. For seagrass (mean ± SE: 80 ± 15 Mg ha −1), this is strongly associated with species richness. Variability was also observed across stand types, protection types, disturbance, dominant species, geomorphic and tidal positions, geographic distribution, and methodology used to measure carbon stocks. Our findings emphasize the need to conduct more research and sustained monitoring on carbon sequestration potential of blue carbon ecosystems (BCEs) in the country, especially for seagrass meadows. Efforts should also be made for these studies to be more accessible and recognized in the global setting. This is essential in building a more comprehensive and up-to-date knowledge of BCEs, strengthening collaborations, and implementing clearer policies for their continued conservation and rehabilitation.
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Show abstract
Coastal mangroves have been lost to deforestation for anthropogenic activities such as agriculture over the past two decades. The genesis of methane (CH4), a significant greenhouse gas (GHG) with a high potential for global warming, occurs through these mangrove beds. The mangrove forests in the Indian Sundarban deltaic region were studied for pre-monsoonal and post-monsoonal variations of CH4 emission. Considering the importance of CH4 emission, a process-based spatiotemporal (PBS) and an analytical neural network (ANN) model were proposed and used to estimate the amount of CH4 emission from different land use land cover classes (LULC) of mangroves. The field work was performed in 2020, and gas samples of various LULC were directly collected from the mangrove bed using the enclosed box chamber method. Historical climatic data (1960–1989) were used to predict future climate scenarios and associated CH4 emissions. The analysis and estimation activities were carried out utilizing satellite images from the pre-monsoonal and post-monsoonal seasons of the same year. The study revealed that pre-monsoonal CH4 emission was higher in the south-west and northern parts of the deforested mangrove of the Indian Sundarban. A sensitivity study of the anticipated models was conducted using a variety of environmental input parameters and related main field observations. The measured precision area under curve of receiver operating characteristics was 0.753 for PBS and 0.718 for ANN models, respectively. The temperature factor (Tf) was the most crucial variable for CH4 emissions. Based on the PBS model with coupled model intercomparison project-6 temperature data, a global circulation model was run to predict increasing CH4 emissions up to 2100. The model revealed that the agricultural lands were the prime emitters of CH4 in the Sundarban mangrove ecosystem.




	Spatial dynamics of biophysical trade-offs and synergies among ecosystem services in the Himalayas
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Show abstract
The production of ecosystem services (ES) is highly dependent on the current state of spatial distribution, pattern of occurrence, and interaction among them, which is barely studied in the Hindu-Kush Himalayas (HKH). Taking a case of a multifunctional landscape in the central HKH region, we aimed to assess the biophysical production possibilities of major ES, their relationships and co-occurrence, and dynamic interactions at different spatial scales. We quantified and mapped six major ES (crop production, timber production, carbon sequestration, soil conservation, water yield, and habitat quality) at two spatial scales: landscape level (functional unit) and watershed level (management unit). Further, we analysed the relationship and interactions among all the possible pairs of the considered ES. All six ES were found to have a positive correlation, except crop production which showed a significant negative correlation with soil conservation. Moreover, we delineated 186 watersheds in the landscape and clustered them based on their biophysical potentials for the supply of ES. Gap statistics from K-means clustering identified three main clusters of watersheds (i.e., agriculture-dominated, poor-performing uplands, and multifunctional). The supply of ES from downstream watersheds was substantially higher than that of the upstream watersheds. We then discussed the interrelationships among ES at various spatial scales and suggested policy instruments for ecosystem management. The relationship among ES shows dynamic forms of spatial distribution, which need to be sustainably managed for minimizing trade-offs and maximizing synergies through the consideration of an integrated watershed management approach, improved agronomy practices, and global climate actions.




	Greenhouse gas emissions from soil and water surface in different mangrove establishments and management in Ranong Biosphere Reserve, Thailand
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Show abstract
Mangrove forest is a blue-carbon-rich ecosystem and source of greenhouse gases (GHG) to the atmosphere. Recent studies of GHG fluxes have been limited for inventory baseline in Thailand. Three GHG emissions were investigated for different mangrove establishment and managements in Ranong province; natural rehabilitation, reforestation, and primary undisturbed forests, due to their differences in carbon and nutrient input as a result of natural and human-induced management. The static closed-chamber technique was used to collected gas sample from soil and water surface interface throughout the year. Total highest GHG emissions were found in the primary undisturbed site (15.40 Mg CO2eq ha−1 yr−1), compared to the reforestation and natural rehabilitation sites (12.60 and 8.53 Mg CO2eq ha−1 yr−1), respectively. The mean average of GHG fluxes at soil–air interface for three mangrove sites were 2.59 ± 0.94 mmol CO2 m−2 h−1, 3.86 ±2.01μmol CH4m−2 h−1, and 2.09 ±1.59μmol N2O m−2 h−1. Whereas at water–air interface, GHG fluxes were 1.66 ± 0.66 mmol CO2 m−2 h−1, 2.47 ±1.47μmol CH4 m−2 h−1, and 2.74 ±1.06μmol N2O m−2 h−1. The undisturbed and reforested sites with good conservation, enriched organic matters and nitrogen nutrients, and large mature trees had significantly higher CO2 emission. CH4 fluxes had significantly higher in the natural rehabilitation site with well growing stage and dominant in low-elevated area with longer inundation periods. Whereas N2O emissions were not statistically different among three mangrove sites. GHG fluxes were recorded higher in soil surface during wet season and rainfall was significantly correlated to CO2, CH4, and N2O emissions. Additionally, the results would be useful in improving mangrove conservation and restoration strategy for GHG emission mitigation and developing an inventory baseline and more accurately estimating of GHG emissions from different mangroves in Thailand.




	Bait input altered microbial community structure and increased greenhouse gases production in coastal wetland sediment
2022, Water Research
Citation Excerpt :
Overall, the evidence collectively suggested when encountering perturbation (e.g., mineral fertilization and carbon amendment) coastal wetland ecosystems possess quick responses and long-term resilience (Allison and Martiny, 2008). Coastal wetland reclamation and nutrients input from aquaculture and agriculture activities to the ecosystems can strengthen GHGs production (Castillo et al., 2017; Yuan et al., 2019), and subsequently result in the loss of carbon stock and the acceleration of nitrogen biochemical processes (Peng et al., 2021). This study revealed that bait input induced fast GHGs production during the first one month and afterwards the rates slowed down but were still promoted significantly relative to the blank.



Show abstract
Coastal wetland reclamation contributed to development of aquaculture industry, and the residual bait accumulation in aquaculture processes could influence biogeochemical elements cycling, which threaten ecological functions and services in aquaculture and adjacent ecosystems. However, systematic studies for changes in sediment microbial community structure and greenhouse gasses (GHGs) production, as well as environmental parameters following bait input at time scale are still rare. A 90-day incubation experiment was conducted using sediment collected from coastal wetland in Qi'ao Island in southern China, followed by the observations of temporal variations of physicochemical properties, sediment microbial community, and GHGs production in response to different amounts of bait input (0, 20, and 40 mg bait g−1 wet sediment). The results showed that dissolved oxygen of overlying water was profoundly decreased owing to bait input, while dissolved organic carbon of overlying water and several sediment properties (e.g., organic matter, sulfide, and ammonium) varied in reverse patterns. Meanwhile, bait input led to significant loss of microbial community richness and diversity, and strongly altered microbial compositions from aerobic, slow-growing, and oligotrophic (Actinobacteriota, Chloroflexi, and Acidobacteriota) to anaerobic, fast-growing, and copiotrophic (Firmicutes and Bacteroidota). Moreover, both GHGs production and global warming potential were significantly enhanced by bait input, implying that aquaculture ecosystem is an important hotspot for global GHGs emission. Overall, bait input triggered quick responses of physicochemical properties, sediment microbial community, and GHGs production, followed by long-term resilience of the ecosystem. This study could provide new insight into temporal interactive effects of bait input on physicochemical properties, microbial community, and GHGs production, which can enhance the understanding of the temporal dynamics and ecological impacts of coastal aquaculture activities and emphasize the necessity of sustainable assessment and management in aquaculture ecosystems.




	Saltmarsh sediments with wastewater input emit more carbon greenhouse gases but less N<inf>2</inf>O than mangrove sediments
2022, Catena

Show abstract
Wastewater discharge and salt marsh invasion are two main disturbances in global mangrove wetland ecosystems, but their combined effects on greenhouse gas (GHG) emissions remain unclear. Here, we performed a laboratory incubation experiment by adding wastewater (aquaculture and domestic wastewater) to mangrove and salt marsh sediments. Dissolved GHGs (CO2, CH4 and N2O) and environmental parameters were measured over a time series of 50 days. The nitrification and denitrification rates and corresponding functional gene abundances (AOA, AOB, nirS, and narG) were also quantified. The results show that wastewater addition significantly increased GHG emissions and global warming potential (GWP) in wetland sediments (p < 0.05 for both). Compared with mangroves, salt marsh sediments produced more carbon GHGs (CO2 and CH4) but less N2O after wastewater input. These different stimulatory effects could be explained by the nitrogen and carbon substrate availability, organic matter quality, and functional gene abundances in sediments. Assessing GHG emissions as CO2 equivalents, future scenarios of increasing salt marsh invasion with wastewater addition would increase the GWP caused by CO2 and CH4, decrease blue carbon sequestration potential in wetlands, and decrease the GWP caused by N2O and total GWP, indicating a great impact on global climate change and important implications for managing coastal wetlands.
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