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Human effect on NWetlands as sites of N removalExplain denitrification: ecosystem service in which bacteria transformChange in context/plant community  what happensPlants likely influence this cycle at multiple points, likely in complicated ways



New York City has a nitrogen problem:
Combined sewage overflows

US EPA
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New York City has a nitrogen problemCombined sewage system:  sewage and run off from paved surfaces empty into the same systemUnder dry conditions, they all undergo sewage treatment before being dischargedUnder high rain conditions, the volume of water is too much for sewage and all overflows into local waterways, including raw sewagePOTW = publicly owned treatment works
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Over 490 of these throughout the city.Though more concentrated on the East River, number on the north side of Jbay that discharge > 1billion gallons of untreated waste per yearSo following rainstorms, Jamaica Bay is literally full of crap



Wetland loss in Jamaica Bay
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Jamaica Bay has also lost most wetlands92% of wetlands over the past century (85% city-wide)This map shows extent of wetlands as of 1951 in purple; remaining wetlands as of 2003 in greenNumber of causes:  Lack of sedimentation, dredging Bay, and eutrophication leading to instabilityMain point:  Nitrogen once removed by these wetlands no longer isPoint out Yellow Bar marsh



Photo: National Park Service
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This is a photo of Yellow Bar marsh in 2002, 10 years before its restorationIn addition to edge loss, you also see fracturing and slumping and ponding that is characteristic of degraded marshes



Harmon, David, ed. 2006. People, Places, and Parks: Proceedings of the 2005 George Wright Society 
Conference on Parks, Protected Areas, and Cultural Sites. Hancock, Michigan: The George Wright Society.
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The City of New York and the National Parks Service decided to do something about this.One of the first marsh restorations was at Big Egg marsh, only a ~2.5 acresSediment amendment:  add 20 cm sediment from adjacent creek and replant



US Army Corp of Engineers

Ecowatchers
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Since then, restoration efforts have grown more ambitiousDredged sediment from offshore was brought in and graded to a desired elevation to create a brand new marsh platformThis shows a 40 acre restoration at Yellow Bar MarshReplantings as both seedlings and transplanted hummocksSimilar restorations have been performed at Elders East and Elders West
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Here we look at how ecosystem services develop following marsh restoration in a highly eutrophic (Nitrogen rich) bayWe compare the restored marshes to natural marshes in Jamaica Bay	one has remained relatively stable over the past several decades – Joco	one has been falling apart – Black BankQuestion:  Are restored marshes performing services for which they were created?



Flow-through incubations:  What the flux?
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Sealed core containing vegetationInflows with site-collected surface waterAlso incubating cores with added 15NO3 and 15NH4Outflows: measure for dissolved gas, water chemistry, and isotopic compositionIncubated in the dark; sampled every 24 hours for three days



Presenter
Presentation Notes
What the system looks like in the lab	Repeated incubations once each season	Will end up with a complete nitrogen budget for each of the sites, as well as differences among seasons



General trend of increasing denitrification with marsh age
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This generates a lot of samples!  Still working through them.One preliminary result from incubations of all of the sites in August.General trend of increasing denitrification rates in older marsh restorationsStable marsh has the highest consistent denitrification ratesDegraded marsh is highly variable



Field Surveys 
to characterize… Vegetation characteristics

Sediment characteristics
Microbial community
Nitrogen transformations
Sediment respiration
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Field surveysWill focus on the sediment and vegetation characteristics and what they tell us about limits on denitrification.Go see Nathan’s poster on microbial community composition among sitesGo see Casey’s poster for differences in the other nitrogen transformations among the sites.



Organic carbon and nitrogen in sediments increase with marsh age
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Increased storage of carbon and nitrogen in organic matter over time.More energy available for denitrification.



Denitrification in restored marshes is limited by organic matter
p = 3.98 x 10-12

R2 = 0.83
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Limits on denitrification in marsh restorationsClear limitation in the young marshes is availability of carbonInterestingly, microbes at the degraded site remove less N than you would expect for how much carbon is availableMicrobes at the stable site remove more N than you would expect for how much carbon is available
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Belowground biomass (roots and rhizomes) increases with marsh ageMuch greater root mass in natural marshes than in the restorationsNot only are marshes likely becoming more stable…Belowground influence of vegetation on sediment microbes is likely increasing as marshes age
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Dotted lines show diffusionSolid lines show transformationsPlants add oxygen and organic matter to sedimentsOrganic matter directly enhances denitrification by providing more energy to denitrifying bacteriaOxygen may indirectly enhance denitrification by increasing availability of nitrate (NO3)
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Plant roots create spatial variation in oxygen
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Plants also create temporal variation in oxygenPhotosynthesizing during the dayNet respiration at night



Experiments:  Influence of Plants on Denitrification
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This past summer, I received funding from the Science and Resilience Institute of Jamaica Bay to determine the influence of plants on denitrification at two of the restoration sitesInstalled in situ benthic chambers that allowed us to measure gas flux while the marsh is submergedAt each location, placed chambers in vegetated and non-vegetated locationsHalf of the chambers in each treatment were exposed to light; the other half were covered to perform dark incubationsSampled through gas-tight sampling port at 0 and 2 hours (as long as they remained submerged)Also brought vegetated cores back to the lab to conduct flow-through incubations, and collected sediments to perform denitrification potential measurements
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Clear difference in water column oxygen between light and dark treatments in vegetated sedimentsProduction of oxygen in light treatments (in water column)Greatest consumption of oxygen in dark, vegetated treatmentsInterestingly also found a difference in non-vegetated treatments at Elders East; possible that periphyton may also be contributing to water-column oxygen
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After incubating overnight in the darkMuch greater consumption of oxygen in vegetated than non-vegetated coresProvides evidence for:  Greater temporal variation in oxygen availability in vegetated sediments
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Also obtaining depth profiles of sediment oxygen and sulfide concentrations as part of the larger effort to characterize all of the sites in the Bay



Oxygen extends deeper into the sediment in sites 
with greater root mass.
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Oxygen profiles under light conditions for lab-incubated coresAlso find strong seasonal differences among sites; still working on those data



Much higher denitrification rates in 
vegetated than unvegetated plots
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The result of all of this:  In flow-through incubations:  Much higher denitrification rates in vegetated than non-vegetated plotsIn the youngest sites, vegetated plots have denitrification rates nearly an order of magnitude higher than mudflatsIn the older site, vegetation means the difference between a site being a net source or net sink of nitrogen,



Method Comparison:  Membrane-Inlet Mass Spectroscopy 
(MIMS) vs. Denitrification Enzyme Activity (DEA)
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Photos of methods



SMA slope = 1.04
p = 0.03
r = 0.52
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Results of DEAs agree broadly with results from FT incubationsEVEN for providing estimates of N2 flux (could even call them CONSERVATIVE estimates of N2 flux)



In Summary…

•Restored salt marshes effectively remove 
nitrogen via denitrification.

•Marshes accumulate root mass and organic 
material, likely resulting in increased stability and 
nitrogen-removal services as they age.

•Marsh plants increase denitrification rates.
•Methods used to measure denitrification provide 
comparable estimates of N2 flux.



Questions?

http://malldred.github.io/
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