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Abstract

:

Large amounts of blue carbon exist in the ecosystems of coastal wetlands. Accurate calculations of the stocks and economic value of blue carbon in various plant communities can facilitate vegetation rehabilitation. Based on this objective, first, a blue carbon estimation model was constructed by combining a Carnegie-Ames-Stanford Approach (CASA) model, and second, the distribution pattern of blue carbon and flow direction of ecosystem services (carbon sequestration) in a coastal wetland in China was analyzed utilizing a combination of field surveys, remote sensing data, and laboratory analysis techniques. Finally, the wetland carbon sequestration value and its income-expenditure status were measured using the carbon tax method. The results show that the aboveground net primary productivity of coastal wetland vegetation exhibits a non-zonal distribution in the south-north direction, whereas it presented a three-level gradient distribution, characterized as “low (200–300 g/m2∙y)–intermediate (300–400 g/m2∙y)–high (400–500 g/m2∙y)”, in the east-west direction. The accumulation of carbon gradually increased from the ground surface to the underground (litter < underground roots < soil) in Spartina alterniflora and Phragmites australis. On the type scale, Spartina alterniflora and Phragmites australis wetlands were of the “blue carbon” net outflow type (supply type), with mean annual outflow carbon sequestration values of 3272.3 $/ha and 40.9 $/ha, respectively. The Suaeda glauca wetland was of the “blue carbon” net inflow type (benefit type), with a mean annual inflow carbon sequestration value of 190.7 $/ha.
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1. Introduction


Natural ecosystems have the function of providing food, water, air, habitat, and a series of ecological products or services for human beings and other natural organisms (referred to as ecosystem service function). An ecosystem service function can be directly or indirectly used by human beings to form ecosystem services [1,2]. An ecosystem service function depends on the maintenance and flow of ecological processes and their attributes in a specific time and space scale [3,4]. Therefore, a concept called ecosystem service flow has been proposed to represent the spatiotemporal relationship between ecosystem service supply areas and benefit areas [5,6], or it can be used to represent the number of ecosystem services used by beneficiaries [7]. The generation of ecosystem service flow is a biophysical process of multi-factor interaction [8,9,10]. A deep understanding of the concept and connotations of ecosystem service flow is helpful to further understand the spatiotemporal transfer process of ecosystem services [11,12], and it can provide a theoretical basis for coordinating human demand and management of ecosystem services [13,14,15].



Accurate calculations of the stocks and economic value of blue carbon in various plant communities can facilitate vegetation rehabilitation, which has the potential to mitigate increases in atmospheric carbon dioxide concentration. Given the increasingly prominent uncertainty of global climate change [16], the quantitative assessment of “blue carbon” storage capacity and the associated changes in coastal ecosystems have received increasing attention [17,18]. However, ecosystem service flows, such as blue carbon, with societal relevance may in practice be neglected or selectively addressed; many of them are related to sediment and the subsurface part of ecosystems [10]. According to the concept of ecosystem service flow, the process of vegetation absorbing carbon dioxide to form carbon sequestration value runs through the ecosystem service supply area and surrounding benefit area, so this process belongs to omnidirectional ecosystem service flow [19]. Currently, approximately 50% of the carbon on Earth is stored in the oceans. Thus, oceans and coastal zones play important roles in the global carbon cycle and realm of ecosystem services. Mangroves, salt marshes, and seagrass beds are typical coastal wetland ecosystems, in which the vegetation and soil store a considerable amount of “blue carbon” [20,21]. In certain conditions, such “blue carbon” may be released again into the atmosphere, making these ecosystems an important component of the land–sea carbon cycle [22]. Coastal wetlands are subjected to multiple effects from the site condition and land cover; their capacity for “carbon sequestration” and mutual conversion between “carbon source–carbon sink” exhibit complexity and uncertainty [23]. Thus, for the accurate quantification of “blue carbon” stocks in a given ecosystem, a necessary prerequisite is to clearly define the scope of the ecosystem and the depth of the sediment carbon pool, but the lack of relevant data is a major obstacle facing relevant work. A previous report, [24], conducted a quantitative analysis of the carbon pool and flux in “blue carbon” systems and noted substantial differences in the mean annual “carbon sequestration” rate among mangrove, salt marsh, and seagrass bed ecosystems. Based on further obtaining the carbon density data of seagrass beds, the dynamics of “blue carbon” sequestration in North America were estimated more rigorously in 2013, but the lack of accurate geospatial data is still the biggest obstacle in driving the market-oriented operation of “blue carbon” in this region.



Many studies have documented the spatial differences in the supply and demand of ecosystem services and proposed the concept of ecosystem service flows [5,6]. However, few empirical studies investigate the importance of abiotic flows on service provision [8]. Therefore, this paper aims to quantify the contribution of carbon sequestration ecosystem service flows for ambient areas based on plant community scale: a blue carbon estimation model was constructed by combining the Carnegie-Ames-Stanford Approach model [25,26], and we chose the Yancheng coastal wetlands, China, as an example to analyze the distribution pattern and flow direction of “blue carbon” in a coastal wetland parallel to the coastline, perpendicular to the coastline, and perpendicular to the ground surface. This paper’s main objective is to take the “carbon sequestration function-carbon sequestration value” transformation process of the coastal wetland as an example, further exploring the concept connotation and essence of ecosystem service flows. This paper’s secondary objective is to take the natural wetlands of Spartina alterniflora (S. alterniflora), Phragmites australis (P. australis), and Suaeda glauca (S. glauca) in the different zones as a reference and promote the continuous improvement of the awareness of plant diversity protection. These objectives were achieved based on the estimation models of vegetation net primary productivity (NPP), using a combination of remote sensing data and field sampling data.




2. Materials and Methods


2.1. Sampling Process


The boundary of the Yancheng National Nature Reserve, established in 1983, was regarded as the range of the study area of this paper (Figure 1). This area’s general ranges are bound by the seawall highway to the west, a 3 m isobath to the east, the Guanhe River to the north, and Dongtai County to the south. The study area is 45.33 × 104 ha and consists of three basic functional zones as follows: the central core zone (CZ), whose landscape type was primarily coastal wetland plants such as Spartina alterniflora, Suaeda glauca, and Phragmites australis; a buffer zone (Southern Buffer Zone, SBZ; Northern Buffer Zone, NBZ) adjacent to each of the south and north wings of the core zone, whose landscape type was primarily river and freshwater lake; and an experimental zone (Southern Experimental Zone, SEZ; Northern Experimental Zone, NEZ) in each of the southern and northern parts of the buffer zone, whose landscape type was primarily constructed wetlands such as salt pans and paddy fields.



According to the blue carbon standard protocol, blue carbon soil is commonly sampled down to min of 100 cm [27]. The sampling process of this paper does not follow the standard protocol for blue carbon in assessing blue carbon, which consists of sampling the sediment and designing the plots, etc., before jumping into NPP analysis. The reason for this is that, considering the great interference of vegetation types caused by human activities since 2002 in the study area, it is difficult to determine the blue carbon source of columnar soil samples more than 30 cm from the surface. Therefore, this paper referred to the previous research results and, according to the modern deposition rate of less than 2 cm per year in the study area [28], developed the sampling method.



In a direction perpendicular to the ground surface, the distribution of “blue carbon” in different plant communities of a coastal wetland was obtained by vegetation and soil surveys. Field samples were collected (August 2017) as follows: a relatively continuous succession sequence of S. alterniflora-S. glauca-P. australis-rice was selected in the NEZ, NBZ, SBZ, and SEZ (Figure 1d), and five transects (T1, T2, T3, T4, and T5) were set up at random. According to the plant community type, four plots were set in each transect using a 1 m × 1 m sampling frame (from sea to land: bare mudflat without vegetation, S. alterniflora, S. glauca, and P. australis); the geographical coordinates and altitudes of the sampling points were recorded using a satellite positioning system. After the number of plants in each plot was recorded, the litters in the sampling frame were collect and the plants were harvested from the ground level; the plant heights and wet weights were then measured (five plants were harvested in the center and the four corners of each plot to minimize the destruction of vegetation). The roots and soils were dug up with a sampling shovel (the depth is 30 cm), and the samples were sealed in sampling bags, labeled, and delivered to the laboratory for analysis.



Samples of pretreated soils (500 g) were sent to a professional organization for testing (volume weight and total organic carbon content of soil), and the remaining samples were stored in a refrigerator at 4 °C until use. The shoots, litters, and roots were naturally dried until there were no changes in the weight, and then shoot biomass and root biomass of different plant types were measured using an electronic balance. Finally, the model parameters are calculated according to the measured values, and the results are shown in Table 1.




2.2. Analysis Methods


At present, ecosystem service flow has been proposed as an important concept [5,6]. In this paper, we use it to refer to the transmission of services from ecosystems to people, for example: from carbon dioxide to blue carbon in coastal wetlands, a complete carbon sequestration ecosystem service flow should begin with the photosynthesis of plants, so the net primary productivity of vegetation should be included in the concept of ecosystem service flow; at the same time, it is assumed that the accumulation of soil organic carbon (SOC) in the surface soil of the community comes from dry matter formed by the decomposition of plant litter and underground roots inside and outside the community. Based on the above two hypotheses, the following model is constructed:



First, remote sensing data were used to estimate the aboveground NPP of vegetation in directions parallel and perpendicular to the coastline. A modified light use efficiency model [26] was used to estimate the aboveground NPP of vegetation, with a combination of climate (mean monthly temperature and rainfall data derived from http://data.cma.cn/, (accessed on 1 September 2017) and vegetation (Vegetation Classification and Normalized Difference Vegetation Index (NDVI), Landsat data derived from www.gscloud.cn, (accessed on 1 September 2017) characteristics in the study area:


NPPa(x,t) = APAR(x,t) × ε(x, t)



(1)




where NPPa is the mean of the NPPa in August (the biomass was highest at this time; g∙m−2∙y−1); t is the time; x is the spatial unit; APAR(x, t) is the photosynthetically active radiation adsorbed by unit x at time t; and ε(x, t) is the actual light use efficiency in unit x at time t.



Next, according to the photosynthetic reaction equation, green plants can sequestrate 0.44 g of “blue carbon” for every 1 g of dry matter produced, whereas they need to absorb 1.62 g of CO2. On this basis, we calculated the coastal wetland “carbon sequestration” value using the carbon tax factor:


WCD = NPP × 1.62



(2)






WBC = WCD × 0.27



(3)






VC = WCD × c



(4)




where WCD is the carbon dioxide sequestration capacity (g∙m−2∙y−1); WBC is the “blue carbon” accumulation (g∙y−1); c is the carbon tax rate and unit conversion factor (in this paper, $136∙t−1 according to the latest carbon tax issued by the World Bank); and VC is the carbon sequestration value ($∙ha−1∙y−1).



In addition, the vegetation and soil data acquired by the field survey were used to estimate the surface and underground dry mass of different community types in a direction perpendicular to the ground surface in addition to the mean annual accumulation of “blue carbon” in the soil using the following equations; then, the blue carbon circulation of a closed carbon pool is judged:


NPPs = NPPa × (Ws/Wa)



(5)






NPPu = NPPa × (Wu/Wa)



(6)






BC_flow = a × (NPPs + NPPu) − SOC



(7)






SOC = soc × ρ × a × h



(8)




where NPPs and NPPu are the simulated values of the surface and underground dry mass of plants, respectively (g∙m−2∙y−1); Ws is the measured value of the surface litter weight; Wa is the measured value of the aboveground dry weight of plants; Wu is the measured value of the underground dry weight of plants (g∙m−2, measured underground/aboveground dry weight, i.e., root-shoot ratio); BC_flow represents the amount of blue carbon in (BC_flow < 0) or out (BC_flow > 0) of the carbon pool (g∙m−2∙y−1); SOC is the annual accumulation of soil organic carbon (g∙y−1); soc is the carbon sequestration capacity (g∙kg−1); ρ, a, and h are the soil bulk density (kg∙m−3), area (m2), and depth (m, assuming a uniform distribution of organic carbon in the soil surface), respectively.



This paper also tested the visualizing multivariate spatial correlation between NPP and NDVI by Arc GIS 10.0; the Bivariate Moran’s I statistic is represented as the values of NDVI across all neighboring units and plotted against NPP in each unit [29]; if the slope on the scatter plot is significantly different to zero then there is an association between NPP and NDVI.





3. Results


3.1. The Horizontal Distribution Pattern of Aboveground Vegetation NPP in the Study Area


As Figure 2a shows, in the direction perpendicular to the coastline (east-west), the two-dimensional distribution of vegetation NPP in the study area presents three belts that gradually decrease from the landside (overall between 400 and 500 g∙m−2∙y−1) to the seaside (generally between 200 and 300 g∙m−2∙y−1).



By comparing vegetation NPP and NDVI (Figure 2b), we found a significant (p < 0.01) spatial correlation (Bivariate Morans’ Index = +0.9803) between their two-dimensional distribution patterns in the horizontal direction. In the study area, the low-NDVI zone was primarily distributed on the seaside, with minimum values between −0.90 and −0.48; the high-NDVI zone was primarily located on the landside, which, overall, is consistent with the spatial locations of paddy fields, with maximum values between 0.51 and 0.91. There was a mean-value zone between the low-value and high-value zones, wherein the vegetation type was dominated by S. alterniflora, P. australis, and S. glauca. Figure 2a presents minor differences in the aboveground NPP among these communities (between 300 and 400 g/m2∙y). With regard to the direction parallel to the coastline (south-north), the south-north differentiation was significantly lower than the east-west difference in all three gradients. This suggests that vegetation cover type played a leading role in influencing NPP compared with mean monthly rainfall and temperature (the three basic parameters in Equation (1) were the mean August rainfall, mean August temperature, and NDVI).




3.2. The Perpendicular Distribution Pattern of Blue Carbon in the Study Area


Figure 3 shows the three-dimensional distribution pattern of “blue carbon” in S. alterniflora, S. glauca, and P. australis. The carbon contents in plant litter and underground roots and the carbon accumulation in the surface soil successively increased in the S. alterniflora and P. australis communities. However, in the S. glauca community, the carbon content in the litter was higher than that in the underground roots. In terms of the carbon content in the litter, S. glauca and P. australis ranked higher than S. alterniflora. This may be attributable to the relatively low water content in S. glauca and P. australis plants (given the relatively low frequency of tidal intrusion in the S. glauca and P. australis communities, their aboveground parts are more likely to fall compared with those of S. alterniflora). In terms of the carbon content in the underground roots, S. alterniflora communities ranked higher than S. glauca and P. australis communities. This may also be related to the life history of S. alterniflora, which are submerged in water long term. To improve root stability, S. alterniflora has more developed lateral roots. Among the different communities, the carbon accumulation in surface soil was significantly higher than the carbon contents in plant litter and underground roots. Regarding the within-community difference, S. alterniflora (718–1966 g∙m−²) and S. glauca (1184–1793 g∙m−²) exhibited lower differences, whereas P. australis (1883–3444 g∙m−²) exhibited higher differences.




3.3. Carbon Sequestration Capacity and Carbon Sequestration Value


Figure 4 shows the annual profit and loss of carbon pools of different vegetation communities: S. alterniflora and P. australis belong to the net blue carbon outflow wetland, where the blue carbon supply from the community is higher than the annual SOC accumulation, and the annual carbon sink outflow value is 3272.3 $/ha, 40.9 $/ha and 1947.2 $/ha, respectively. In contrast, S. salsa belongs to the blue carbon net inflow wetland. The blue carbon supply from the community is lower than the average annual SOC accumulation, and the average annual carbon sink inflow value is 190.7 $/ha.



The above results indicated that there were differences in carbon sequestration function and carbon sequestration value among different communities, which were not only related to the biomass allocation proportion of different parts of plants but also the hydrodynamic conditions and the closure degree of carbon pools in communities. For example, the roots of Spartina alterniflora in a relatively humid environment are more easily decomposed into organic carbon and transferred to the surrounding communities under the action of higher tidal invasion frequency, especially into bare beaches with a close niche. On the contrary, the frequency of Phragmites australis and Suaeda salsa were relatively low, so the relatively closed carbon pool was not conducive to litter transfer, resulting in a relatively low blue carbon exchange capacity between the two and the surrounding communities.





4. Discussion


4.1. The Conversion Process of the “Ecosystem Services Function-Ecosystem Services Value”


Beneficiaries are largely disregarded or only mentioned in ecosystem service assessments related to protected areas [11]. Thus, we propose an analytical framework for identifying potential beneficiaries on the community level, focusing on carbon sequestration ecosystem services. This paper further integrates the concept of ecosystem service flow into the “production supply benefit process of ecosystem services”. Its essence is the value transformation process of ecosystem service function in the natural human complex ecosystem, as shown in Figure 5.



Vegetation net primary productivity (NPP) is the difference between the total primary productivity of green plants acquired by photosynthesis and consumption by autotrophic respiration, which indicates the material production capacity of plants in natural conditions. In Figure 5, each plant community can be regarded as an independent system consisting of many production units. The vegetation performs primary production through photosynthesis, and NPP is produced after subtraction of self-consumption by individual components. Subsequently, the energy produced by each production unit through vegetation NPP circulates in different units in the form of ecosystem service value, and some of the energy is consumed again by the plants in other units. Eventually, the residual energy following secondary consumption is consumed and utilized by humans, achieving regional microclimate regulation of the coastal wetland.



Vegetation NPP is a basic guarantee for the energy required for plant growth, development, and reproduction; it is also a material basis for the survival and reproduction of other biological components in the ecosystem and provides energy for different ecosystem types to implement their service functions. In this paper, the value of blue carbon is the monetary expression of coastal wetland’s “carbon fixation” function, so this process is also the embodiment of ecosystem service function and its value of the “production supply benefit” path, implying the regional contribution of coastal wetland microclimate regulation in response to global climate change. Concerning the spatial process of the formation of a “carbon sequestration value”, it is a comprehensive process formed by continuous accumulation. Before the contribution of “carbon sequestration” reaches an extreme value the following year (here, we assume the maximum value is achieved in August every year), the “blue carbon” in vegetation, on the one hand, transfers from the ground to the underground (Self-Consumption), and on the other hand, transfers in different vegetation units and communities (Supply and Consumption), eventually forming a three-dimensional distribution pattern of the coastal wetland carbon sequestration value in horizontal and perpendicular directions.



The ecosystem services concept, at its very foundation, is human-centric: if ecosystem services are not directly received by people, they simply cannot be valued. Yet artificial land use does not equate to ecosystem service provisioning [30]. Therefore, we are still dealing with nature-based solutions for the ecological services of coastal wetlands. What needs to be pointed out is even if a landscape is maintained in a semi-pristine state, there are several presumed ecosystem services that it does not provide: e.g., we still cannot confirm with any confidence that P. australis ecosystems serve as long-term carbon sinks. Therefore, before considering how the research results support the formulation and implementation of ecosystem services policies, we must consider the following two issues: repeating the research at annual intervals, taking into account the average weather conditions for a given location, would extend the horizon of the considered carbon sequestration; additionally, the Carnegie-Ames-Stanford Approach (CASA) model has been widely used for terrestrial ecosystems but not for wetlands. The study area of this paper has high vegetation coverage and rich vegetation types. Therefore, we try to use the CASA model to carry out empirical research, and this method is supported by the results presented in the previous studies [25]. Although the research results have reference value to the vegetation restoration policies of analogous coastal wetlands, it needs long-term monitoring. However, this requires a longer time perspective for the research. In the future, we will continue to carry out more in-depth research work around this area.




4.2. Uncertainty Analysis of Carbon Cycle in Coastal Wetland


In this paper, we only discuss the transformation process on the carbon sequestration capacity of coastal wetland vegetation and its value from the spatial perspective of ecosystem service flow. It should be noted that an ecosystem is composed of organisms and their surrounding environment. The respiration of the ecosystem and the gas exchange process between organisms and their external environment are complex [23,31,32]. Spatial differentiation in tidal intrusion frequency, wetland flooding duration, plant density and cover, and soil physical and chemical properties [33] could result in uncertainty in a wetland’s carbon cycle process. Therefore, the quantitative evaluation results of the “carbon sequestration” capacity of different vegetation types presented in this study may deviate from the actual situation.



First, with reference to the mean NPP across the study area (the average value of the raster in the study area was calculated using the map algebra function of Arc GIS 10.0), our results ranged from 282.45 to 350 g/m2∙y, which were lower than the mean level of vegetation NPP in the coastal wetlands of China during 1989–1993 (375.4 g/m2∙y), as estimated by [26] using the same model. Overall, our results were also slightly lower than the mean levels of vegetation NPP in Yancheng during the same period (742.2–896.1 g/m2∙y), as estimated by [34]. This may be attributed to the inclusion of a bare flat with relatively low NPP in our study area.



Secondly, the aboveground NPP exhibited non-zonal distribution in the south-north direction. At the global or regional scale, the zonal distribution patterns of vegetation and soil are primarily influenced by solar radiation (temperature) and land-sea location (rainfall) [35,36]. The results presented in Figure 2 show that at medium-to-small scales (time or space), land use and cover change (LUCC) might influence vegetation NPP more significantly. Human activities such as paddy field cultivation and aquaculture could lead to a drastic change in the “blue carbon” pattern of coastal wetlands.



Additionally, the carbon accumulation in surface soil was lower overall in the S. alterniflora and S. glauca communities compared with the P. australis communities. First, this may be directly related to the aboveground NPP of plant communities, since the higher aboveground NPP of P. australis communities more easily promote the transfer of carbon into the soil. Second, this may be attributed to the influence of a low altitude and steep slope (S. alterniflora and S. glauca on the seaside), as well as frequent human disturbance (P. australis on the landside), and this may be associated with the degree of depletion of the carbon pools in the communities [37]. For example, the S. alterniflora community is located in the low-tide zone, where a high frequency of tidal intrusion contributes to the loss of carbon in the soil.





5. Conclusions


Vegetation NPP has an indicative effect on LUCC, the global environment, and climate change. The restoration and expansion of coastal wetland vegetation are important approaches to cope with sea-level rise. In this paper, we analyzed the aboveground NPP of coastal wetland vegetation in Yancheng, China, based on the geographic information system and remote sensing models. The three-dimensional distribution pattern of “blue carbon” in a coastal wetland was revealed using field survey data of soil and vegetation. The carbon sequestration value of different wetland types was calculated using the carbon tax method. On this basis, we defined and discussed the “carbon sequestration capacity–carbon sequestration value” conversion process and the potential influence of LUCC on the coastal wetland carbon cycle. The conclusions are as follows:




	
The aboveground NPP of coastal wetland vegetation exhibited gradient changes from low to high or from high to low in a direction perpendicular to the coastline. Using the light use efficiency model, we obtained an aboveground NPP of coastal wetland vegetation that ranged between 200 and 500 g/m2∙y in Yancheng, China.



	
The “blue carbon” in coastal wetland vegetation showed a three-dimensional distribution pattern. The “blue carbon” content of P. australis and S. alterniflora communities gradually increased from the ground surface to the underground area (litter < underground roots < soil) in Yancheng, China. The surface soil of each plant community contained a higher content of “blue carbon” compared with the aboveground shoots, litter, and underground roots.



	
Coastal wetlands absorb carbon dioxide and convert black carbon to blue carbon, which is of great significance to the regulation of regional microclimates. This process reflects the conceptual essence of ecosystem service flow from ecosystem service function to ecosystem service value. In Yancheng, China, Phragmites australis and Spartina alterniflora belong to the blue carbon supply type coastal wetland, with an average annual outflow carbon sequestration value of 40.9 $∙ha−2 and 3272.3 $∙ha−2, while Suaeda salsa (8024 $∙ha−2∙y−1) belongs to the blue carbon benefit coastal wetland, and the annual inflow carbon sequestration value is 190.7 $∙ha−2.
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Figure 1. Location of the study area (a–c) and sampling transects (d). 
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Figure 2. Horizontal distribution pattern of vegetation net primary productivity (a) and normalized difference vegetation index (b) in the study area. 
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Figure 3. The perpendicular distribution pattern of blue carbon in the study area (Spartina alterniflora, (a); Suaeda glauca, (b); Phragmites australis, (c)). 
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Figure 4. The carbon sequestration value in the study area (Spartina alterniflora, SA; Suaeda glauca, SG; Phragmites australis, PA). 
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Figure 5. The schematic diagram showing the “carbon sequestration capacity-carbon sequestration value” conversion of vegetation in a coastal wetland. 
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Table 1. Experimental data and main model parameters.
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Quadrat

	
Plant Height (cm)

	
Plant Weight (g)

	
Litter Proportion

	
Crown-Root Proportion




	
SA

	
SG

	
PA

	
SA

	
SG

	
PA

	
SA

	
SG

	
PA

	
SA

	
SG

	
PA






	
NEZ

	
123.21

	
42.02

	
172.55

	
35.32

	
3.22

	
52.36

	
0.469

	
0.726

	
0.674

	
0.181

	
6.812

	
0.830




	
NBZ

	
128.13

	
45.13

	
156.23

	
38.53

	
3.35

	
49.65

	
0.453

	
0.708

	
0.621

	
0.185

	
6.803

	
0.838




	
CZ

	
135.00

	
53.25

	
155.40

	
39.12

	
3.18

	
45.66

	
0.425

	
0.721

	
0.607

	
0.463

	
8.372

	
0.907




	
SBZ

	
127.92

	
42.61

	
162.08

	
40.15

	
3.23

	
50.02

	
0.439

	
0.735

	
0.672

	
0.185

	
4.310

	
0.838




	
SEZ

	
125.65

	
44.45

	
172.86

	
36.62

	
3.41

	
51.27

	
0.488

	
0.719

	
0.657

	
0.300

	
5.900

	
1.100








Notes: Southern Experimental Zone, SEZ; Northern Experimental Zone, NEZ; Core Zone, CZ; Southern Buffer Zone, SBZ; Northern Buffer Zone, NBZ; Spartina alterniflora, SA; Suaeda glauca, SG; Phragmites australis, PA.
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