
Is nutrient enrichment  
a marsh stressor?  
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Presentation Notes
First lets examine nutrient effects on salt marshes. First off, are nutrient-laden waters a marsh stressor? Surprisingly, there is not a simple answer to this question, and simply put the answer is sometimes or it depends. 
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In systems dominated by sediment depositional processes also called minerogenic systems, it appears that the high sediment loads mitigate the adverse effects of high nutrient loads.With our collaborators from the University of South Carolina, Jim Morris and Karen Sundberg we examined nutrient effects on salt marshes throughout the North Inlet Winyah Bay system.First lets look at the northern end of this estuarine system.  The Debidue creek has an upscale development at it’s northern end with its own WWTF and stormwater detention ponds. The effluent is used to fertilize the golf course but during storms the detention ponds overflow into the Debidue. At the three sites in the Debidue the site closest to the WWTF source at sig greater organic matter than the other two sites. The mouth (8 % OM) with high sediment delivery had less than half the % Om as the head (20%OM).  Although the volumes of the roots and rhizomes were similar the rhizomes were fewer but of larger diameter at the head with the higher OM. So, it does suggest that when soils are more organic plant response is to enlarge rhizomes diameters.We found similar results at the Goat Island  12- year fertilization experiment that I will focus on today. Here 12 marsh plots were fertilized using a 2 X 2 factorial design with nitrogen and phosphorus solid pellets added to the surface of the marsh soil every other month. The nutrient-treated plots were fertilized with 30 and 15 mol m-2 y-1 of N and/or P, respectively, as NH4NO3 or (NH4)2SO4 (depending on availability) and P2O5 pellets. Fertilizer was buried in several locations within each plot every other month



South Carolina Fertilization Experiment 
Wigand et al., Estuaries and Coasts, in review. 
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In goat island nutrient additions had a positive effect on the wet volume of the coarse roots and rhizomes. This is important because it is the coarse roots and rhizomes that contribute to peat build up.Over 80% of the volume of coarse roots and rhizomes in cores from Goat Island were observed in the top 10 cm.Rhizome abundances of the N treatments (N: 5206 ± 932 m-2; NP: 4898 ± 449 m-2) were over 50% greater than the control and P plots at the shallow depth.
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To contrast with the South Atlantic minerogenic marsh system, now we will talk about a biogenic system with very little sediment inputs, the Jamaica Bay Estuary, NY. Jamaica Bay is an urban estuary with a long history of nutrient loading. Waste water effluent has been dumped into the estuary for over 7 decades. Many of the marshes in this organic-rich estuary are disappearing. Here we see the location of 4 active WWTFs. 



Effect of Nutrient Addition on a Salt Marsh System 
with Low Sediment Supply and High Inundation 
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Here I present a cartoon of nutrient effects on belowground productivity and how the response might change along a continuum of different soil types ranging from mineral to organic rich. As we observed at Goat Island nutrients had a positive effect on belowground production and organic matter accumulation in more mineral soils (10% OM). We hypothesize that in systems with low sediment inputs and organic rich soils, an increase in nutrients might cause an increase in sulfate reduction and an increase in toxic sulfides. It has been shown that high sulfide levels inhibit root growth.Although, as you might suspect in addition to soil type, flooding associated with tidal regime and marsh elevation would also affect the responses of the marsh to nutrient additions.
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Here notice that the soil quality of the two sites is different.  JoCo is located at a higher elevation than the disappearing Black Bank.  At a lower elevation the Black Bank site is more exposed to the effluent discharge from the wastewater treatment facilities than the Joco soils. The JoCo site has more fibric soils with a greater abundance of roots and rhizomes. The JoCo soils have a greater percent organic matter and lower bulk density.  The BB soils are more decomposed, but have some prominent rhizomes.  The BB soils have significantly larger rhizomes, about 40% greater in the deep soils in the high marsh compared with JoCo.  Perhaps these provide physical structure to the deteriorating marshes and might channel oxygen into the reduced soils.  These rhizomes might also release organic acids, fueling soil soil respiration. 



CT cross section images of Jamaica Bay 
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Wigand et al. 2014, Ecological  Applications 
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Here we see cross section of the roots and rhizomes at 10 cm depth at two deteriorating marshes and the stable JoCo marsh using CT imaging. Notice there are significantly more R&R at the stable marsh. The deteriorating marshes have significantly fewer but larger rhizomes. If there are high sulfides in these organic rich marshes, the increase in rhizome diameter can channel oxygen into the soils and detoxify the soils.  The large rhizomes also provide physical structure to the soil and might provide for volumetric expansion to keep up with inundation. 



Field mesocosm experiment 

Watson et al., Climatic Change, 2014 

Coastal marsh ‘organ’ experiments: 
• Conducted at three Narragansett Bay locations 
• Sites varied in nutrient load 
• Monitored porewater through growing season 



Field mesocosm experiment 
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Porewater sulfide concentration vs. elevation 
For three sites  

Porewater DIN concentration vs. elevation 
For three sites  



Field mesocosm experiment 

• At very high nutrient concentrations, there is a 
positive correlation between sulfide and DIN 

• At lower nutrient concentrations, there is no 
relationship 

 



Field mesocosm experiment 

High nutrient loads  + low inundation = oxic soils 
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Map of Long Island NY Core Collection Sites 

• A. Gateway National Recreation Area, Jamaica Bay 
– JOCO 
– Black Bank 

• B. Bass Creek 
• C. Hubbard Creek, 
• D. Frost Creek 
• E. East Creek 
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Subwatershed Delineations 

© The Nature Conservancy on  Long Island 
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This is a snapshot of the study boundary which is defined by the watershed area that contributes water flow to Northport Bay to the east all the way west to Mill Neck. To better understand the spatial differences in nitrogen load from embayment to embayment we broke the watershed area into 9 subwatersheds using high resolution elevation data to make the sub-delineations. 



Huntington/Oyster Bays: 331,000 kg N/yr  

Total Nitrogen Loads from watersheds 
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DRAFT RESULTS 

Presenter
Presentation Notes
This is what the overall breakdown looks like for the entire study area (9 subwatersheds combined), ¾ of the load coming from on-site septic or cesspools systems, and around 331,000 kg N per year. 



Peconic Estuary:  267,000  kg N/yr  
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By comparison, the Peconic Estuary, which was also recently modeled, has 43% from onsite systems and a slightly smaller total N load.



Frost Creek, western LIS 

 

© Nicole Maher/TNC 2014 
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East Creek 

 
Coarse Roots & Rhizomes Sand & Shells 



Frost Creek 

 Coarse Roots & Rhizomes Sand & Mussels 
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Hubbard Creek 
Coarse Roots & Rhizomes Sand & Mussels 



Lawrence Marsh, Hempstead Bay 

© Nicole Maher/TNC 2014 
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