











4.3 Restoration

4.3.1 CH, Projections from Vegetation Mapping

Typha-dominated regions exhibited largest CH, fluxes with the most variability, which we
surmise is primarily due to depleted SO,* concentrations facilitating methanogenesis, and to its transport
through aerenchyma and ebullition. Since 7ypha is highly adaptive and quickly invades the marsh
platform in areas of low salinity, the migration of 7Typha stands is an indicator of increased CH, emissions
from the marsh. Based on these associations, marsh response to restoration in the context of CH,
emissions can theoretically be estimated using 73pha vegetation mapping. We deduce that our calculated
average fluxes projected over Typha-dominated (FRESH) regions on Long Marsh pre and post restoration
will provide an estimate of changes in methane emissions in response to altered tidal flow. Such
estimates are founded on the assumption that 7ypha is the dominant marker for CH, emissions. Since this
assumption does not incorporate CH, emissions from other types of marsh vegetation, these Typha-based
projections are more successfully used to quantify relative changes over time, rather than total fluxes.

The CBEP runs a monitoring program for vegetation change on Long Marsh and provides a
map of the area of Typha stands 6 months before the restoration (July 2013) and 15 months after (July
2015; Figure 4.4). Before restoration, 3.37 ha of Typha was present on the marsh platform as a result
of over 100 years of tidal restriction. This area decreased to 0.26 ha by July of 2105- a 92% dieback of
Typha in just 15 months. They also observed salinity increases from 8 psu to 26 psu at site TE. Based on
these responses to a simple tidal reintroduction project, Long Marsh can be considered a case study of

successful restoration.

Figure 4.4: Area of Typha stands pre (2013) and post (restoration) mapped by the Casco Bay Estuary
Partnership. Map shows a 92% decrease in Typha area from 3.37 ha to 0.26 ha due to restoration.

We use a calculated average flux of 61.8 +33.2 umolCH /m*hr (from all 3 months, n=9) from the
Typha dominated FRESH collar sites to project CH, fluxes over a three month period. Using dieback data
from the CBEP presented in Figure 4.4, we calculate that with the 92% loss in Typha 15 months post-
restoration, there was a decrease from ~75000 gCH, to ~5700 gCH, + 3000gCH,.
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Calculations were based on the following:
Convert umolCH,/m*hr to g CH,:

61.8 ymolCH, o 1 mol « 1604g 99 X 10 *gCH,
m2hr 106 ymol ~ 1 mol CH, ~ m2 * hr

Project over the three months,

9.9 x 10™% gCH,
m2hr

2.2gCH,
mZ

X 2232 hr (in 3 months) =

Project over area (before restoration, 2013):

2.2gCH, _ 10%m
m2 1 ha

2
X 3.37 ha = 7.5x10* + 4.0 x 10* gCH,, vefore

gCH CH =75000 gCH, - 5700 gCH, = 69000 gCH, no longer emitted

abefore” 84Ty after

The calculated uncertainty amounts to 53%, and is applied to the resultant gCH, emitted, thus the CH,
flux decrease is substantial enough to significantly impact net carbon sequestration regardless of the
uncertainty applied.

Based on Long Marsh’s response to tidal reintroduction as a result of a simple restoration project,
it is clear that vegetation on marshes responds positively to restoration. Simple steps such as culvert
replacement can be made to mitigate current greenhouse gas contributions on tidally restricted marshes.
Findings by Burdick et al. (1996) found salinity increases of 20 ppt and dramatic vegetation changes
(~50% dieback of freshwater vegetation in 9 months). Burdick et al. (1996) observed that the reduced
flood frequency, salt and sediment exchange, decreased elevation, and decline in fish populations caused
by tidal restriction were alleviated within 8 years post-restoration. Based on similar vegetation and
salinity responses on Long Marsh in the first 15 months, we expect reclamation progression as projected
by Burdick et al. (1996) in Figure 1.6 to occur on Long Marsh.

4.3.2 Carbon Density and Preliminary Carbon Stocks

Understanding the carbon density of marsh sediments provides information as to how a marsh
might respond to various other perturbations, including gradual rise in sea level. Carbon density can be
used to project carbon stocks for a given area of marsh. Also, quantifying total carbon stocks of wetlands
can be used to place value on wetlands as carbon sinks, which may have applications in environmental
economics. Average carbon density was calculated based on average dry bulk density over the upper 50
cm (averaged from all sites) and %C for cores at each (Table 4.1).
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For carbon stock calculations we used averages from the sites along the normal salinity gradient
(SAL, BRACK, FRESH) as they are more heavily represented on the marsh and less variable than
transitional locations. Note that this results in a modest carbon stock estimate because the most
carbon-dense sites are unrepresented. Carbon density from the three sites averaged 0.034 gC/cm’+
0.004 gC/cm? (Table 4.1), which translates to a carbon stock of 170 =20 Mg C/ha for the upper 50
cm. This projected for the entire study area of ~ 11 ha (CBEP) totals 1870+ 220 MgC stored in the

upper 50 cm for all of Long Marsh based on the calculation:

61.8 umolCH, 1 mol 16.04g 99 X 10~* gCH,

m?hr 106 ymol ~ 1 mol CH, ~ m? * hr
MgC
170W x 11 ha =~ 1870 + 220 MgC

The mean carbon stock for tidal salt marshes determined by the IPCC (2013) is 255 Mg C/ha
for one meter of depth. Although our calculations provide only a rough estimate of carbon stocks on
Long Marsh, we obtained values only slightly lower than IPCC published data. Note that our values are
calculated for the upper 50 cm rather than 1 meter, so the carbon stocks are not directly comparable.
These estimates do confirm that Long Marsh stores carbon in its sediments, and with a carbon density
similar to other marshes in Maine (0.030-0.070 gC/cm? at Sprague Marsh, Phippsburg, ME; Pickoff,
2013). However, our projections can only provide preliminary values for the upper 50 cm of sediment
on Long Marsh. These measurements are based on a small sample size and assume consistent vegetation,
carbon density and burial rates. These assumed conditions are rarely observed on salt marshes, including
Long Marsh. Further studies must be conducted in order to obtain a more representative carbon stock for
Long Marsh.

Table 4.1: Carbon Density calculated from %C for all sites

SITE Avg C Density (gC/cm?) StDev
SAL 0.031 0.005
BRACK 0.038 0.01
FRESH 0.032 0.01
TE 0.071 0.05
™ 0.060 0.03

4.4 Future Work

The purpose of this study was to determine CH, emissions along a salinity gradient on a
transitional salt marsh in order to begin quantifying marsh response to restoration. CH, fluxes, TBI and
carbon isotope analyses are consistent with the conclusion that tidal reintroduction inhibits the emission
of CH,, and that vegetation is an environmental indicator of these changes. However, this study is a
pilot project that only spans 3 months of field sampling, and minor alterations to the methods and future
work can help inform and fortify the current relationships identified. Further analyses throughout growth
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season are needed to understand the relationships between plant productivity and methane transport via
aerenchyma and diffusion.

Regarding field sampling using static gas chambers, we would like to assess the impact of
isolating marsh areas using metal collars during sampling. The insertion of the collar irrefutably cut
through roots and rhizomes, killed some plants, and perturbed the marsh sediment and surrounding
biology. Some of the vegetation at the collar rim was seriously affected and may have altered methane
emission. To test this, we employed a preliminary comparison during the October sampling period
where we measured CH, fluxes at the FRESH C2 site side by side, one chamber using the collar and
another without. Data suggest that CH, emissions were slightly higher at the chamber without the collar
(Appendix B) This may be due to more active plant populations in the collar, and less perturbation to
the subsurface. Additionally, a tight seal on the collar was a source of uncertainty at all sites, which was
found negligible for the noncollar chamber sampling. Although the collars were given at least 48 hours
to equilibrate, we conclude that not using collars may result in more accurate, representative gas samples.
The challenge in this alternative method would be determining a technique that would ensure consistent
site location for replication. Further work comparing methods must be done to validate this hypothesis.

In assessing the effect of chamber height and volume variation on CH, concentrations, no
apparent impact was observed between 0.45 m? and 0.61 m? chambers. Further work would need to be
done to study the impact of the 1.542 m? chambers, as these were only used for sampling FRESH sites.
Sampling time is also a factor that should be assessed. CH, concentration readings over 40 minutes
provided adequate flux readings, however, increased sampling interval over a longer sampling time may
provide more accurate flux data. Additionally, abrupt changes in shade, humidity and temperature over the
course of a sampling period should be evaluated for impact on CH, concentrations.

In order to determine more representative annual CH, fluxes, sampling must be executed the same
time each month for all 12 months of the year, allowing for proper analysis of seasonal influence as well
as a more representative average flux for 7ypha-dominated regions for annual projections. Accordingly,
additional replication at each site and an increased number of sites along the salinity gradient would
decrease uncertainty.

The determination of sedimentation and accretion rates, and CO, fluxes in conjunction with CH,
fluxes, would also allow for a better understanding of carbon cycling in this marsh. Quantifying such
stocks and ecosystems services in the context of economic benefit or loss would serve to inform and
motivate further restoration projects.

In order to properly assess the complete marsh response to restoration, the study could have been
modeled after Burdick et al. (1996) where sediment analyses, fish population data, elevation data, and
salinity levels were obtained before restoration. Our study did not have access to these pre-restoration
conditions, however, based on comparisons, we come to similar conclusions as Burdick et al. (1996)
regarding reintroduction of tidal flows in using CBEP and SAL sites as pre-restoration references.
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