I. Water column nutrients
Background:

1. Marshes are likely to be a SINK for inorganic nutrients, chla on phytoplankton on flooding marshes, and fine sediment.

2. Marshes are likely to be a SOURCE for dissolved organic matter, detridal material

3. N inputs in form of nitrate entering tidal creek system, as ammonium going out

4. Marsh sediments operate under reducing conditions (anoxic environment) therefore decomposition fueled by sulfate rxns

5. Ebbing tides are enriched in reducing substances (sulfides, methane, NH4, phosphate)

6. Pore water phosphate is always high, P is not limiting belowground decomposition, rather OM-limited (composition of litter)

Questions:

1. What are the levels of ambient/background nutrient loading?

2. What nutrient transformations occur in the marsh (within creek vs marsh platform)?

3. How do we prove we are fertilizing?

4. On what timescale do transformations occur?

5. Will nitrate penetrate pore water?  If so, will nitrate replace sulfate as an electron acceptor for decomposition in the S. alterniflora zone?

Potential approaches to sampling:

1. black box (inputs/outputs)

2. channel vs platform (in-system transformations)

3. identify and quantify ecosystem sinks and sources

Sampling considerations:

1. Instead of whole budget calculations for mass balance, focus on testing specific hypothesis regarding storage and transformations

2. Emphasis on understanding role of denitrification (possibly involve Anne Giblin)

Types of measurements:

1. routine measurements: input/output balance over course of field season

2. diurnal nutrient fluxes over complete tidal cycle (2x per year)

3. test nutrient addition and Rhodamine dye addition to follow water upstream and up-marsh with incoming tide 
4. pore water measurements (residual water)

5. standing stocks (algae, litter, spartina) N-content, C:N, N-standing stock using measurements for EOY biomass

6. tracing path of N w/ 15N stable isotope addition

1. Routine measurements

a. every 3 weeks, mid ebb at standardized tide height.

b. how many locations per creek?

c. additional sample at mouth of the Rowley near Nelson Island 

d. sample for TN, TP, TDN, TDP, NO3, NH4, PO4, particulate CHLa, temp, salinity.  Target analysis on NO3, NH4 and PO4

e. switch to GFF filters for chla, one filtration using 47mm filter

2.  Diurnal sampling

a. 2 times/year per creek

b. monitoring inputs/outputs over complete tidal cycle

c. hourly sampling

d. incorporate YSI measurements

e. sample everything
3.  Special studies

a.  measure dissolved nutrient and DO flux at spring and neep tides to   determine degree of processing on water that crests marsh platform

b.  test nutrient addition in June

c.  test Rhodamine dye addition to measure conservative mass balance

                   4.  Pore water nutrient sampling

a. model after technique used by South Carolina group (PVC pipe w/ entrance holes on sides, containing an inverted scint vial filled with DI capped with a Nitex screen)

b. place at varying depths in soil profile at alterniflora and patens habitats

c. collect contents of vial once a month and analyze for dissolved nutrient concentrations
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X = focus analysis on these methods
II.  Algal collection and analysis
Benthic algae:

1. collect 6 cores at each of 4 habitats (mud slope, filamentous wall, alterniflora, and patens) at each creek confluence

2. collect samples 3 times annually (early spring, mid summer, and fall)

3. after collection transport syringes w/ intact cores back to the lab.  Cut individual cores in half and place into numbered 50ml cent tubes.  Set aside remaining half for a pooled sample from each habitat type.  For pooled sample homogenize cores from 6 individual samples and place ¼ total material in numbered 50ml cent tube for analysis

4. analyze for chl a using spectrophotometer following standard LTER protocols

Epiphytic algae collection:
1. focus sampling on alterniflora platform
2. sample at low tide at each creek confluence 3x annually

3. within a 0.25m2 quadrat bordering creek edge estimate number of live alterniflora stems with visible epiphytic algae growth (no. algae covered stems per unit area).  Make note of extent of algae growth and height on stem.  Sample 5 stems with visible algae growth and bring back to lab

4. collect epiphytic algae from each representative stem using spatula and/or knife gently scraping algae from plant stems and leaves into labeled 50ml cent tube (chla per stem)
5. record estimate % algae cover per stem and height of algae growth up stem

6. freeze tubes and analyze on spectrophotometer for chl a

7. S. Warren and co. will estimate stem density (no. stems per unit area)

Macroalgae collection:

1. Take a “sit and wait” approach for now

2. Revisit the issue later on in the season when production is most visable
III.  Test nutrient addition
Logistics of test addition:

1. scheduled for the week following the site visit (June 16-20th)

2. addition to right branch of Sweeney Crk

3. 200uM addition of NH4NO3 (100uM of nitrate, 100uM ammonium) will bring [NO3] to 20x background and [NH4] 10x background

4. 20uM super phosphate addition to bring [PO4] to 20x background

5. drip at incoming tide and sample over complete tidal cycle plus an additional 3-4 hours into flooding tide 
6. fertilizer solution plus Rhodamine dye  
Sampling scheme:

1. goal is to estimate degree of creek processing post addition by measuring nutrient levels incoming and outgoing with tide (mass balance for N and P)

2. select a medium high tide (~9.1) and field check tidal heights and degree of platform flooding pre-test drip

3. test Rhodamine dye addition and sampling for baseline dissolved nutrients at the end of May 

4. deploy ISCO autosampler at mouth of R-branch for in-creek nutrients and water level probe to record creek depths over tidal cycle
5. sample every hour for a complete tidal cycle plus an additional 3-4 hours of the flooding tide to catch any enriched water pushed back upstream
6. use a field flourometer equipped with Rhodamine sensor to track movement of enriched body of water throughout the creek.  Use these measurements to determine the conc. of conservative tracer relative to nutrient levels ([tracer]:[dissolved nutrients] / time)
7. deploy YSI at confluence to log DO, temp, salinity, depth, turbidity

8. use Swinney syringe filters and 125ml sample bottles for collecting water samples at the following locations:
a.  at source

b.  following the leading edge of the dye on an up-creek transect at low, mid and full tidal amplitude as tide floods and ebbs

c.  up-marsh as the water floods the platform tracking depth and distance on flooding and returning transect.  Follow 5cm front up-marsh and catch final 5cm draining marsh platform at creek edge as tide ebbs

d.  downstream from source to 200m at low tide going into flooding tide
e.  mouth of L-branch to catch any returning enriched water on flooding tide
IV.  Marsh Metabolism (Chuck)
1. Whole system respiration as [DO] mass balance over complete tidal cycle

a. use calculations for creek area and velocity to estimate mass of water passing through set location based on tidal height

b. estimate current velocity using ADCP, and Marsh McBirney flow meter readings every .5 hr

c. deploy YSI at mouth of creek branch recording DO every .5/hr

d. optimize conditions for measuring metabolism by selecting a date where high tide and low tide are near sunrise and sunset and there is approx 12hr daylight (equinox)
e. perform metabolism measurements on both spring and neep tides

f. use a test dye addition to estimate degree of mass balance conservation
V.  Decomposition (Chuck)

1.  Above-ground decomposition

a. collect dead aboveground biomass for patens and alterniflora, wash, dry

b. place ~20g of dry weight material in a pecan mesh bag sewn into a 3x5” pouch labeled with a numbered metal ID tag

c. place litter bags along selected vegetation transects within spartina and patens habitats identified by marker flags
d. install bags in Spring and place enough bags to allow for collection over one full year

e. collect 3 bags from each site (alterniflora and patens) on 2wk, 1mo, 2mo, 4mo, 6mo, and 1yr intervals
f. bring bags back to the lab and estimate ratio of live:dead material, dry material and re-weight to calculate % loss over time

2. Below-ground decomposition

a. purchase cotton strip material from Shirley test fabric inc. 

b. cut into identical strips measuring 10cm x 25cm
c. autoclave test fabric to ensure no foreign microorganisms are introduced into the soil
d. insert strips vertically into the soil at selected vegetation transects in both the alterniflora and patens habitats using a shovel and allowing approximately 5cm of each strip to protrude the soil surface

e. mark the level of the soil surface on each strip with permanent marker and label each strip with a numbered aluminum tag 

f. collect 3 strips from each habitat at 2wk, 1mo, 2mo, 4mo, 6mo, and 1yr intervals

g. wash and dry cotton strips and cut 2 cm squares from the center of each strip at 3 representative depths 2-4 cm, 8-10 cm, and 14-16 cm 

h. buried strips and control strips need to be equilibrated at 50% humidity and 20C for 2 weeks prior to strength testing

i. strips are analyzed for tensile strength on a tensometer and tensile strength loss expressed as % loss over time for buried strips relative to unburied control strips

VI.  Fish Removal
VII.  Open issues/follow-up action:

1. Are some creeks fundamentally different than others (ie. Sand may have a freshwater input.  Shad is very shallow.)

2. Determine median tide height for each creek, tidal asymmetry between creeks for low and high tides, and depth of flooding on marsh platform

3. Use this information to explore relationship between tidal height and Q m^3 sec (Q= velocity x area, area as  f(hgt))
4. Location of water column nutrient transects and vegetation transects, degree of sampling intensity within each creek
5. Strategies for limiting impact on marsh environment (creek banks and marsh platform)

6. Develop a timeline for sample analysis
