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INTRODUCTION

Nutrient enrichment of the coastal zone is a worldwide consequence of human population growth.  Land clearing, fertilizer production and application, discharge of sewage and septic systems, and fossil fuel combustion have accelerated nitrogen and phosphorus loading to coastal ecosystems since the 1950’s (Nixon 1995, Cloern 2001). Estuaries in the northeastern US are particularly threatened by human disturbances within the densely populated coastal zone (Roman et al. 2000).  The Northeast (from Maine to Maryland) currently accounts for about one third of the coastal population of the entire United States (NOAA 1998).  The population density of this narrow coastal fringe is more than double that of any other region of the country, and it continues to grow.  The consequent residential, agricultural, and urban expansion will result in a continued increase in anthropogenic nutrient loading to the region’s coastal zone.  Estuaries can generally assimilate some degree of enrichment without major ecological ramifications, but excessive nutrient inputs typically lead to dense blooms of phytoplankton and fast-growing macroalgae, loss of seagrasses, and decreased oxygen availability in sediments and bottom waters (Valiela et al. 1992, Nixon 1995, Borum 1996, Bricker et al. 1999).  Cascading effects may include changes in the species composition and abundance of invertebrates, decline in fish and wildlife habitat value, and the collapse of commercially harvestable fin- and shellfish stocks. 


National Park units along the North Atlantic coast protect a total of about 1,891 square kilometers between Virginia and Maine.  Approximately one quarter of this land area is submerged, including many coastal bays, estuaries, and lagoons (NPS 2000a).  These areas serve as islands of relatively pristine coastal habitat within the northeastern urban corridor.  Much of the watershed area of NPS coastal ecosystems, however, lies outside protective park boundaries and is thus subject to intense developmental pressures.  Therefore, there is great potential for human disturbances to coastal watersheds to result in increased nutrient loading to park estuaries.  Protecting the ecological integrity of park estuaries depends on implementing a scientifically-based monitoring program that is capable of detecting and predicting changes in ecosystem status (cf. NRC 2000).  The ideal monitoring program will also identify causes and consequences of changes in estuarine condition so that remedial management actions can be developed as needed.


The NPS Vital Signs Monitoring Program was initiated to provide all national park units with scientifically sound information on the status and trends of their natural resources (NPS 2000b).  Long-term ecological monitoring protocols are being developed for biogeographic networks of parks that share similar natural resource characteristics.  The Northeast Coastal and Barrier Network consists of eight parks from Massachusetts to Virginia (Figure 1).  The four largest parks include extensive estuarine habitat (Assateague Island National Seashore, Maryland/Virginia; Cape Cod National Seashore, Massachusetts; Gateway National Recreation Area, New York/New Jersey; Fire Island National Seashore, New York).  Colonial National Historic Park, Virginia, is a park of almost 8000 ha with a moderate amount of estuarine shoreline, and two small parks (Sagamore Hill National Historic Site, New York; George Washington Birthplace National Monument, Virginia) also include short stretches of estuarine shoreline.  The last of the network parks, Thomas Stone National Historic Site, neither contains nor directly abuts any estuarine resources.  In addition, two parks within the adjacent Northeast Temperate Network also include extensive estuarine habitat (Acadia National Park, Maine; Boston Harbor Islands, Massachusetts). Collectively, these park units represent a wide range of sizes (33 ha to almost 20,00 ha), latitudes (37°11.3’N to 44°25.6’N or more that 800 km of latitude), watershed geologies (shallow soils overlying granite bedrock vs. thick sandy glacial deposits), tidal range (micro-tidal to over 3m), and fresh water sources (surface water vs. ground water; Roman et al. 2000).  Estuaries within these parks share fundamental characteristics, however, including temperate zone flora and fauna and the threat of nutrient enrichment as a primary management concern (Roman et al. 2000).  These broad similarities are the basis for development of a uniform regional protocol for monitoring estuarine nutrient enrichment within the nine park units of the Northeast Coastal and Barrier Network and the Northeast Temperate Network that contain estuarine resources. 


Vital Signs Monitoring Protocols will be based on core groups of critical monitoring variables, or “vital signs”, that collectively provide diagnostic information regarding the integrity of park ecosystems.  Vital signs for estuarine nutrient enrichment have already been identified (Table 1, Kopp et al. in review).  This proposal describes the steps necessary to translate the identified vital signs into a regional monitoring program for North Atlantic park units.  First, existing sources of data (Kopp et al. in review) must be examined to determine their applicability to park needs.  For certain variables, or at some locations, data collected through established programs may suffice for Vital Signs monitoring.  More often, it will be necessary to supplement data gathered by other programs with additional sampling in time or space to extend inferences to park resources.  For all variables requiring on-site data collection, probabilistic sampling designs incorporating some type of random site selection must be developed, sampling methods identified, and sampling frequency determined (Fancy 2000).  This approach is consistent with National Park Service and Environmental Protection Agency guidance on developing ecological indicators and monitoring programs (http://www1.nature.nps.gov/im/monitor/index.htm, Peterson et al. 1995, Jackson et al. 2000, Kurtz et al. 2001).

OBJECTIVES

The goal of this project is to develop and test operational monitoring protocols to implement the vital signs identified for monitoring estuarine nutrient enrichment in the North Atlantic park units (Kopp et al. in review).  The ability to protect park estuaries from deleterious effects of nutrient inputs hinges on diagnosing local causes of nutrient enrichment, detecting changes in nutrient loads, and determining if nutrient inputs are near to exceeding thresholds that would result in shifts in ecosystem structure and function.  The following monitoring objectives are derived directly from these information needs:

1.  Determine if nutrient loads to park estuaries are increasing;

2.  Determine whether estuarine resources are changing in response to nutrient inputs;

3.  Identify the sources of nutrient enrichment. 

To address these monitoring objectives, vital signs variables are divided into two broad functional categories.  “Agents of Change” include variables related to the primary nutrient sources to park estuaries, and “Ecosystem Responses” address the consequences of nutrient input (Table 1).  Our proposed approach for developing operational monitoring protocols is divided into two tasks that parallel these categories of monitoring variables.  Task I, to be accomplished by investigators at the University of Rhode Island, relies on synthesizing existing data on Agents of Change variables in a spatial watershed context.  Task II, to be accomplished by investigators at the U.S. Geological Survey, requires development of sampling designs for collecting data on Ecosystem Response variables.  Products of Tasks I and II will be fully integrated in the final monitoring plan that results from this project.  

APPROACH

Task I – Agents of Change:

To be completed by Co-Investigators at the University of Rhode Island

Land Use, Point Sources, and Atmospheric Deposition
While it would obviously be most desirable to obtain direct measures of nutrient inputs, especially nitrogen (N), to the estuarine waters of the Coastal and Barrier Network of parks, we believe that such an effort would not prove to be sustainable over the long term.  Surface discharges are event driven and therefore difficult to predict and sample adequately.  And while the field collection of surface waters for nutrient analyses is relatively straightforward, acquiring representative ground water samples is technically difficult. The laboratory facilities and staff required to carry out the analytical work for nutrient analyses are probably not within the financial or human resources of most of the parks.  For these reasons, we propose to develop and test techniques to monitor the potential sources of nutrients within the watersheds of each of the parks.  These proxy indicators of nutrient enrichment would include the following:

1.
Human population numbers derived from census tract data.  Since the census tracts will not be perfectly aligned with watershed boundaries, we will have to prorate on an area basis or correct using more site specific detailed information on population distribution.

2.
Human population served by municipal sewage treatment systems vs. individual on-site sewage treatment.  These data will be collected from local sources.

3.
NPDES permits for point source discharges as well as sewage treatment plant monitoring records for N where they are available. These should be available from state environmental agencies and the plants themselves.

4.
Permitted water withdrawals for agriculture and domestic consumption.  These data should be available from state sources.

5.
Fertilizer consumption.  These data are available at the county level from the Fertilizer Institute and U.S. Dept. of Agriculture.  We will prorate for the watershed on the basis of agricultural land use.

6.
Livestock populations.  These data are available at the county level from the Census of Agriculture.  Again, we will prorate to the watershed on the basis of agricultural land area or more site-specific information from Agricultural Extension agents knowledgeable about local practices.

7.
Land use inventories.  This information is often more problematic that assumed because of differences in defining land use and a lack of field verification.  We believe that NOAA C-CAP land cover data are available for all the parks and the Multi-Resolution Land Characteristics Consortium has analyzed 1991-92 land cover for all the parks as well (Table 1). If any of the park watersheds are not available through C-CAP, we can work directly with the USGS National Land Cover Data, which provide land cover in the Anderson Level II classification at 30m by 30m pixel resolution.  Either the USGS or the C-CAP data can be input directly to our ArcView GIS system using the ESRI software associated with C-CAP.  We anticipate assembling an aggregated classification emphasizing major differences only.  For example, because of the obvious importance of impervious surface in generating runoff, we may work with a simple scheme of high intensity developed, suburban or low intensity developed, field crops, pasture, forest, wetland, and open water.  For three of the parks (Assateague, Gateway, and Cape Cod ) we will also have an opportunity to compare the whole watershed land cover with an independent analysis, by Wilfred Rodriguez and Peter August of the University of Rhode Island Environmental Data Center, that is nearing completion.  Their project has analyzed land cover data from 1976,1984, 1990-93, and 1999 for each of the three parks, but only for a 4 km wide buffer around the estuarine portion of each system.  They will be comparing land cover in the buffer zone with environmental indicators in the water analyzed by the U.S. EPA EMAP program.

8.
Atmospheric deposition.  Wet deposition monitoring of direct nitrogen flux (as part of the NADP program) has been in place since the 1980’s within three of the parks (Assateague, Cape Cod, and Acadia) and monitoring sites are located close to Gateway and Boston Harbor Island (Table 1).  If we cannot identify any independent monitoring stations close to the remaining parks, we will have to interpolate N deposition from the nearest sites.

We will attempt to compile all of these proxies at ten year intervals back to 1970 whenever possible.  The major challenge will be with land cover for which we may only be able to develop a baseline inventory using the C-CAP data.  The time periods of land cover change covered by C-CAP vary slightly from state to state, but for the areas of interest here it is from the late 1980’s to the early 1990’s.  Having land cover analyzed for two earlier periods will still provide a valuable perspective for future assessments as part of the Vital Signs monitoring.  In addition to providing a package of recent changes in nitrogen loading proxies and interpretation for each park, we will provide a manual of procedures for updating the inventory at each location, including detailed data source guides.

Task II – Ecosystem Responses

To be completed by Co-Investigators from the U.S.G.S. Patuxent Wildlife Research Center

Pilot Field Testing of Identified Vital Signs

The purpose of this task is to ensure the logistical feasibility of implementing regional monitoring of the ecosystem response variables identified for detecting estuarine nutrient enrichment (Table 1) and to determine appropriate sampling designs for data collection.  Vital signs monitoring of these variables will include continuous and discrete sampling during defined index periods.  We propose actual field-testing of protocols for sampling chlorophyll a, dissolved oxygen concentration, attenuation of photosynthetically available radiation (PAR), temperature, and salinity.  Annual data collection for each of these variables will involve use of continuous monitors at a small number of stations, complemented by spatially extensive, discrete sampling at up to 30 stations per park embayment.  A pilot test of sampling protocols is required to determine the appropriate combination of continuous and discrete sampling stations to achieve monitoring objectives within the logistical and financial constraints of the Vital Signs program.  The remaining ecosystem response variables (total organic carbon content of the sediment, benthic faunal species composition, and distribution of submerged aquatic vegetation or SAV) do not require pilot testing before regional implementation.  Sediment and benthic invertebrates are sampled from discrete stations at 5-year intervals following well-established operating procedures (US EPA 2001).  Following minimal in-house processing for storage (US EPA 2001), samples are sent to a contract laboratory for complete processing.  Distribution of SAV is determined primarily by acquisition and interpretation of aerial photographs following a national standard for seagrass mapping (NOAA C-CAP protocol, NOAA 1993).  Existing SAV mapping programs provide data relevant to some of the North Atlantic parks (Table 1).  Where data are not already available, we will provide the necessary contact and cost information for obtaining contract mapping-services following the NOAA C-CAP protocol.   


We propose implementing a pilot test of sampling protocols at three North Atlantic park units.  These three parks will be selected to represent the range of sizes, estuarine characteristics, complexity, and logistical constraints found across all nine of the North Atlantic coastal parks.  In order to coordinate with field efforts related to other network monitoring protocols as much as possible, we will work with the network coordinator to identify specific parks to serve as locations for the pilot test.  We suggest selecting a representative park from each of the following three groups: large lagoonal systems (Assateague, Cape Cod, or Fire Island), tidal creek dominated systems (Colonial, George Washington’s Birthplace, or Acadia), and coastal embayments with urban influences (Gateway, Boston Harbor Islands, or Sagamore Hill).   Protocols for sampling sampling chlorophyll a, dissolved oxygen concentration, PAR attenuation, temperature, and salinity will be tested during defined index periods at each of the three test parks (Table 2).

Following the testing phase, we will develop a monitoring protocol for the network that include strategies for continuous and discrete sampling approaches, probability-based spatial sampling designs for each park, methods for incorporating non-NPS data into the vital signs network, and instructions on reporting and interpreting results.  The steps toward achieving this product are detailed below.

For each variable we will determine:

1. Spatial extent of data collection.  Before designing a strategy for sampling and data acquisition, it is first important to determine whether information on all vital signs variables should be gathered at all of the network parks.  Some vital signs may be currently uneconomical or wasteful (e.g. aerial photography for SAV mapping at parks where SAV is absent) or inappropriate due to the small size of park estuarine resources.  Additionally, the extent of data collection must be defined for each park.  Estuarine habitat adjacent to, but not within, park boundaries may be very important to the protection of NPS resources at some parks, and less so or not at all at others.  Guidance from individual parks is needed to identify a necessary and reasonable scope of interest for each park’s monitoring effort.  We will hold a meeting with the natural resource staff at each of the North Atlantic parks to identify the extent of estuarine resources to be included in vital signs monitoring and to discuss the applicability of each vital sign to individual park units.

2. Existing data sources.   An inventory of existing monitoring activities at each North Atlantic park has already been completed (Kopp et al. in review).  Some variables are already being monitored at many of the network parks, in many cases by non-NPS groups (see Table 1).  We will determine the frequency and mechanisms for compiling data from existing sources and identify data gaps.  Specifically, some outside programs monitor relevant variables in or adjacent to park waters, but will require supplemental monitoring in time or space to fully meet park monitoring goals.

3. Sampling locations within each park.  For each park, a probabilistic sampling design incorporating some type of random site selection will be developed for on-site monitoring of ecosystem response variables (cf. Fancy 2000).  We will adhere to the probabilistic sampling methodologies of the US EPA National Coastal Assessment (NCA) as much as possible (US EPA 2001) while still meeting needs unique to specific park units.  The NCA is a large-scale, comprehensive environmental monitoring program designed to provide regional characterization of the Nation’s coastal resources through strategic partnerships with each of the Nation’s 24 coastal states.  Because the probabilistic sampling approach is unbiased, it allows for scientifically valid evaluation of the overall condition of any individual monitoring unit and for pooling of data among them.  It will also permit comparisons between park units and other estuaries where individual states or the U.S. EPA have collected monitoring data through NCA partnerships. Further, this approach is scalable so that finer resolution can be achieved for smaller parks or for intensified sampling of areas of particular concern with individual parks.  This approach does not preclude the use of targeted monitoring stations, and it can accommodate existing monitoring stations at parks with established monitoring programs (Charles Strobel and Gerald Pesch, USEPA, personal communication).  Scientists from the US EPA NCA program at National Health and Environmental Effects Research Laboratory in Narragansett, RI, have agreed to collaborate with us in developing spatial sampling arrays for individual parks according to NCA probabilistic design strategies, and in evaluating the suitability of exiting monitoring stations for probability-based sampling. This task will be completed for the three test parks during the first year of the project so that field-based feasibility testing can be initiated.  Sampling designs for the remaining parks will be developed during the second year of the project so that insights gained from the field-testing may be incorporated . 

4. Sampling frequency within each park.  Continuous monitoring at a limited number of stations and discrete sampling at a larger number of stations both have merits for monitoring purposes; the former approach integrates over existing temporal variation in the parameter of interest, and the latter integrates over spatial variation.  Some parks in the network with existing monitoring programs (Gateway & Assateague) have found it feasible to conduct continuous and discrete sampling.  We will evaluate both types of sampling regimens at the test parks during index periods that are defined by the time of year when effects of nutrient enrichment on ecosystem response variables are expected to be most dramatic.  Sampling methods are described in detail in Table 2.

We propose testing a single, 4-week index period in late summer for monitoring dissolved oxygen and chlorophyll a.  A late summer interval coincides with the index period for NCA sampling (July through September, US EPA 2001b).  This sampling window is based on the time that estuarine temperatures are the highest, and consequently, the benthos are most metabolically active and hypoxia is most prevalent (US EPA 2001b).  In general, the late-summer physical conditions in the estuary also increase the likelihood of phytoplankton populations making use of additional increments of nutrients.  Nutrient fluxes to estuaries are largely driven by the supply of fresh water (Nixon et al. 1995, Nixon et al. 1996), and the water discharged from North American rivers peaks in the late winter to early spring due to snow melt (Sammels 1967).   However, the winter-spring loading peak is also the period of the shortest freshwater residence times.  Since the amount of nitrogen retained in an estuary is directly related to the residence time of fresh water (Nixon et al. 1996), a relatively small proportion of the spring-melt input of nitrogen and organic matter is likely to be retained or metabolized within estuaries.  Although phytoplankton populations at temperate latitudes frequently exhibit a winter-spring bloom, the timing of this bloom is generally considered a response to a seasonal increase in light (Hargraves 1988) and/or an increase in temperature and decrease in the depth of the pycnocline (Mann 1982, Parsons et al. 1984).  The timing of the winter-spring bloom is also variable, and may not occur to any great extent in some years (Karentz and Smayda 1998).  During the summer, however, freshwater discharge is lower, residence times are longer, and temperatures are higher.  Consequently, a larger proportion of nutrients from anthropogenic sources or storm pulse events is likely to be metabolized, recycled, and retained within estuaries.  Therefore, a late-summer index period for monitoring chlorophyll-a will help to avoid the inherent variability associated with the naturally occurring winter-spring bloom, and will capture the time when phytoplankton populations are most likely to be nutrient-limited.

Attenuation of photosynthetically available radiation (PAR) is an indicator of habitat suitability for submerged aquatic vegetation (SAV).  SAV are most susceptible to the effects of reduced irradiance during periods when their productivity rates and non-structural carbohydrate reserves are at their lowest levels (Hemminga and Duarte 2000).  During the late winter and early spring, SAV primary production is low (Dennison 1987) and carbohydrate reserves, particularly in the rhizomes, decline to their lowest levels as they are metabolized by the plant (Zimmerman et al 1995, Lee and Dunton 1997).  Eelgrass growing in the Chesapeake Bay area experiences a second decline in carbohydrate reserves during a period of heat stress in the late summer that reduces photosynthesis when plant respiration is still very high (Burke et al. 1996).  For vital signs monitoring of PAR, we will evaluate the feasibility and utility of measuring PAR attenuation during two index periods intended to coincide with, or closely follow, each of these stress periods.

Evaluation of Seagrass Parameters  

For Vital Signs Monitoring to protect park estuaries from long-term effects of nutrient enrichment, the monitoring variables must be capable of detecting early increases in nutrient loads.  A growing body of research points to anatomical and physiological characteristics of estuarine macrophytes as particularly sensitive indicators of nutrient enrichment.  Seagrasses respond to environmental conditions over time scales of weeks to months, thereby integrating fluctuations in nutrient load over fairly long periods.  Concentrations of nutrients in submersed macrophyte tissue generally reflect nutrient availability (Hemminga and Duarte 2000), and have been proposed as indicators of enrichment.  For example, Lee et al. (2001) measured nitrogen content of Zostera marina (eelgrass) leaves along a gradient of nutrient enrichment.  Both leaf nitrogen concentration and leaf mass per unit leaf area reflected nutrient exposure, so that their ratio provided an even greater capability to discern changes in nutrient inputs.  Stable nitrogen isotope ratios of eelgrass have also been shown to reflect the proportion of wastewater loading from groundwater sources (McClelland et al. 1997), suggesting that monitoring of macrophyte stable isotopes could be used in some estuaries to identify nutrient enrichment before extensive ecosystem degradation occurs.


Various structural and dynamic parameters of seagrass populations have also been proposed as early indicators of ecosystem condition.  Seagrass shoot density reflects both mortality and recruitment processes and has been suggested as an indicator of environmental stresses (Neckles 1994, Durako 1994). Eelgrass density declines predictably with declining light availability (Short et al. 1995).  Because the primary mechanism by which nutrient enrichment affects seagrasses is through increased algal shading, we would predict decreases in shoot density with increased nutrient load.  Indeed, eelgrass density has been shown to decrease with experimental enrichment of shallow experimental systems (Neckles et al. 1993, Short et al. 1995, Nixon et al. 2001) and with abundance of macroalgae in field manipulations (Nelson and Lee 2001).  Dynamic characteristics such as leaf-area productivity (Durako 1994) and leaf elongation rate (Nixon et al. 2001) also reflect ecosystem condition. 

Rooted vascular plants are longer lived than phytoplankton and many macroalgae, and consequently integrate responses to enrichment over greater time scales.  Many seagrass parameters are also expected to be more anticipatory than some of the more acute ecosystem responses; i.e., one would expect to observe a decrease in seagrass shoot density or a change in tissue nutrient content before an entire seagrass bed is lost or hypoxic conditions develop in the estuary.  Additional work is needed, however, to develop operationally functional indicators based on these demonstrated responses to fertilization.  In particular, local information on seasonality of seagrass responses is required to determine the appropriate time(s) of the year to measure seagrass parameters for long term monitoring.  

We propose to test seagrass parameters at one park, Cape Cod National Seashore, to determine their utility and feasibility as ecosystem response variables for network-wide Vital Signs monitoring.  We will do this by adopting the sampling protocol of a global monitoring program, SeagrassNet, that is currently being implemented to investigate and document the status and trends of seagrass resources in estuaries around the world (described at www.seagrassnet.org).  SeagrassNet sampling is based on recently compiled seagrass research methods for global application (Short and Coles 2001).  Collaboration between Vital Signs and SeagrassNet monitoring provides NPS with an established, well-vetted protocol for long-term seagrass monitoring and a global framework for interpretation of NPS monitoring data. 

We will contract with the director of SeagrassNet, Dr. Fred Short of the University of New Hampshire, for assistance in establishing SeagrassNet sites at Cape Cod National Seashore and training field staff in uniform application of the global sampling protocol.  We will identify two locations for seagrass sampling, a pristine site and a disturbed site that is subject to excessive nutrient inputs.  At each location we will establish a permanent transect perpendicular to the shore at the center of a 50-m band running from the shallow to the deep edge of the seagrass bed.  Three 50-m cross transects (parallel to the shore) will then be established along each transect at the deep and shallow edges of the continuous seagrass bed and halfway in depth between those points.  Seagrass samples will be collected from 12 randomly selected locations per cross-transect.  The following parameters will be measured at each sampling station:  seagrass cover, canopy height, biomass, shoot density, leaf area, leaf nitrogen content.  In addition, environmental data will be collected at the time of seagrass sampling (water temperature, water column light attenuation, salinity, surface sediment characteristics).  Seagrass samples will be collected quarterly at times of maximum and minimum seagrass cover (July, October, January, and April) for one year.  Sampled parameters will be compared over time and between the pristine and degraded sites to determine the spatial and temporal variability in responses for the purpose of identifying the appropriate time(s) of year long-term monitoring.  These data will be evaluated to determine the potential benefit of implementing the SeagrassNet protocol at one or more parks as a component of Vital Signs monitoring.    

WORK PLAN 


Work on this project would begin in FY-03 and continue through FY-04 for both tasks I and II.  Final deliverable products will be operational monitoring protocols for each of the identified vital sign variables with sampling designs that are customized for each park unit.  The allocation of personnel time is detailed in the attached budget sheets.

	

	Fiscal Year 2003  (by quarter)
	Fiscal Year 2004  (by quarter)

	Tasks
	1
	2
	3
	4
	1
	2
	3
	4

	Meet with Bryan Milstead, NPS, to select parks for pilot field testing phase.
	x
	
	
	
	
	
	
	

	Meet with natural resource managers at pilot parks to determine spatial extent of interest in estuarine resources.
	x
	x
	
	
	
	
	
	

	Work with EPA to evaluate the existing spatial sampling designs and supplement as necessary for the pilot field testing phase.
	
	x
	
	
	
	
	
	

	Acquire necessary permits for deploying monitoring stations.
	
	x
	
	
	
	
	
	

	Conduct pilot field testing of chl-a, PAR, DO, T and S.
	
	
	x
	x
	
	
	
	

	Conduct pilot field testing of seagrass parameters.
	
	
	
	x
	x
	x
	x
	

	Evaluate outcomes from pilot field testing of ecosystem response variables (less seagrass parameters).
	
	
	
	x
	x
	x
	
	

	Draft monitoring protocols for pilot parks (less seagrass parameters) and distribute for review.
	
	
	
	
	x
	x
	
	

	Meet with natural resource managers at remaining parks to determine spatial extent of interest in estuarine resources.
	
	
	
	
	
	x
	
	

	Work with EPA to evaluate existing spatial sampling designs and supplement as necessary for the remaining park units.
	
	
	
	
	
	x
	
	

	Evaluate results from field-test of seagrass parameters.
	
	
	
	
	
	x
	x
	

	Draft monitoring protocols for the remaining parks and distribute for review.
	
	
	
	
	
	
	x
	x

	Revise monitoring protocols to include comments and seagrass parameters as appropriate, and distribute for additional review.
	
	
	
	
	
	
	
	x


QUALIFICATIONS OF PERSONNEL
Dr. Hilary A. Neckles is a USGS scientist affiliated with the Coastal Field Station at URI and duty-stationed in Augusta, ME, where her research program focuses on seagrass and wetland ecology.  She is the principal investigator on a project developing approaches for monitoring, assessing, and predicting the effects of nutrient enrichment on estuaries at Acadia NP, and was team leader on a project to identify candidate variables for monitoring estuarine nutrient enrichment in the Coastal and Barrier Network.

Dr. Blaine S. Kopp is a USGS scientist affiliated with the Coastal Field Station at URI and duty-stationed in Augusta, ME.  Dr. Kopp’s expertise focuses on the ecology of estuaries, with particular emphasis on seagrass ecosystems.  He was lead author on a report to NPS identifying candidate vital signs for monitoring nutrient enrichment in the Coastal and Barrier Network, and is currently collaborating on developing approaches for evaluating, predicting, and monitoring the impacts of coastal eutrophication within estuarine seagrass ecosystems at Acadia NP.

Dr. Scott W. Nixon is a Professor of Oceanography at URI and a world authority on estuarine nutrient enrichment.  Dr. Nixon’s current research interests focus on productivity and biogeochemical cycling of coastal ecosystems, with emphasis on estuaries, lagoons, and wetlands.  He is the lead investigator on the CESU project evaluating water quality monitoring at Assateague Island NS.
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Table 1.  Candidate variables proposed for regional monitoring of estuarine nutrient enrichment.  Summary of relevant data available from the NPS and other programs for Maryland and Virginia coastal parks.  

	
	Assateague (ASIS)
	Colonial (COLO)
	G. Washington (GEWA)

	Agents of Change
	

	Watershed Land Use & Land Cover Mapping


	Land use/land cover data are available for all Network Parks from the NOAA C-CAP.  Also, national land cover data (15 land classes) are available from the MRLC Consortium from 1991 and 1992 imagery.

	
	Additional land-use tracking proposed by eutrophication monitoring plan
	
	

	Inventory of Nutrient Point Sources
	Nutrient point sources relevant to each park unit are inventoried and permitted by states and /or EPA under NPDES permitting laws.

	Atmospheric Deposition of Nitrogen
	NADP monitoring of wet deposition of nutrients throughout the country.  (++) Park unit has NADP station within its boundaries; (+) Park unit represented by nearby NADP station; (-) No NADP station in vicinity of park unit.

	
	++
	-
	-

	Ecosystem Responses

	Chlorophyll-a
	NPS: monthly at 18 stations
	CBNERR-VA: monthly monitoring on lower York R. VA DEQ: other portions of COLO are inadequately monitored for Vital Signs needs.
	

	Attenuation of PAR
	NPA: Kd measured monthly at 18 stations
	CBNERR-VA: monthly at 4 stations on lower York R. VA-DEQ: 6x/yr in the York R. & James R. but inadequate in COLO bays and tidal creeks.
	

	SAV Distribution
	Mapping (with biomass estimates) conducted annually by R. J. Orth at VIMS

	Sediment Organic C
	
	
	

	Dissolved Oxygen
	NPS: monthly at 18 stations & continuous at 3 stations
	CBNERR-VA: continuous on York R.; ACB Citizens Monitoring: weekly along York R. & James R.; VA DEQ: other portions of COLO are inadequately monitored for Vital Signs.
	ACB Citizens Monitoring: summertime weekly in Popes Creek.  VA DEQ: 1 station in Popes Creek, 3 stations in Potomac R. in proximity to GEWA, 6x/yr.

	Benthic Community Structure
	
	VA DEQ: 6x/yr in York R. & James R., but inadequate in COLO bays and creeks.
	CBP: quarterly in main stem of Chesapeake Bay, no stations in GEWA

	Required Ancillary Data

	Temperature & Salinity
	NPS: monthly at 18 stations & continuous at 3 stations; MD CBP Volunteer Monitoring: 30 nearshore stations, 2x/mo. April-Nov., otherwise monthly
	CBNERR-VA: continuous and monthly monitoring on lower York R.; VA DEQ: other portions of COLO are inadequately monitored for Vital Signs needs.
	ACB Citizens Monitoring: summertime weekly in Popes Creek.  VA DEQ: 1 station in Popes Creek, 3 stations in Potomac R. in proximity to GEWA, 6x/yr.

	

	Acronyms
	ACB- Alliance for Chesapeake Bay; CBNERR-VA-Chesapeake Bay National Estuarine Research Reserve-Virginia; MD CBP-Maryland Coastal Bays Program; MRLC-Multi-Resolution Land Characteristics Consortium; NADP-National Atmospheric Deposition Program; NOAA C-CAP- NOAA, Coastal Change Analysis Program; NPDES-National Pollutant Discharge Elimination System; NPS-National Park Service; VA DEQ-Virginia Department of Environmental Qualtiy; VIMS-Virginia Institute of Marine Science.


Table 1 (cont.). Candidate variables proposed for regional monitoring of estuarine nutrient enrichment.  Summary of relevant data available from the NPS and other programs for New York coastal parks.  

	
	Gateway (GATE)
	Fire Island (FIIS)
	Sagamore Hill (SAHI)

	Agents of Change
	

	Watershed Land Use & Land Cover Mapping
	Land use/land cover data are available for all Network Parks from the NOAA C-CAP.  Also, national land cover data (15 land classes) are available from the MRLC Consortium from 1991 and 1992 imagery.

	
	
	Suffolk, Nassau County land use tracking 
	

	Inventory of Nutrient Point Sources
	Nutrient point sources relevant to each park unit are inventoried and permitted by states and /or EPA under NPDES permitting laws.

	Atmospheric Deposition of Nitrogen
	NADP monitoring of wet deposition of nutrients throughout the country.  (++) Park unit has NADP station within its boundaries; (+) Park unit represented by nearby NADP station; (-) No NADP station in vicinity of park unit.

	
	+
	-
	-

	Ecosystem Responses

	Chlorophyll-a
	NPS-JB:  Weekly May-Sept.  & monthly thereafter at 9-15 bay  & 2 Atl. beach stations.  IEC: Stations in NY/NJ Harbor relevant to SI and SH.  Bi-weekly in summer, monthly thereafter.  NYC DEP: 8 JB stations & 1 lower NY Harbor.  Weekly May-Sept & 1-2x/month thereafter.
	SSER: 20+ stations within Reserve boundary, 3-15x/yr.
	

	Attenuation of PAR
	
	
	

	SAV Distribution
	Only known SAV is small bed at SH
	
	

	Sediment Organic C
	
	
	

	Dissolved Oxygen
	NPS-JB:  Weekly May-Sept. & monthly thereafter at 9-15 bay & 2 Atl. beach stations.  3 continuous stations will be established in 2002.  IEC: Stations in NY/NJ Harbor relevant to SI & SH units.  Bi-weekly in summer, monthly thereafter. 
	SSER: 20+ stations within Reserve boundary, 3-15x/yr.
	FOB: weekly summertime measurements taken at 6a.m. at 2 stations in Cold Spring Harbor.

	Benthic Community 
	
	
	

	Required Ancillary Data

	Temperature & Salinity
	NPS(All units): Weekly May-Sept. & monthly thereafter.  IEC: Stations in NY/NJ Harbor and LI Sound relevant to SI & SH.  Bi-weekly in summer & monthly thereafter.  NYC DEP: 8 JB stations & 1 lower NY Harbor.  Weekly May-Sept. & 1-2x/month thereafter.
	SSER: 20+ stations within Reserve boundary, 3-15x/yr.
	FOB: weekly summertime measurements taken at 6a.m. at 2 stations in Cold Spring Harbor.

	

	Acronyms
	FOB-Friends of the Bay; IEC-Interstate Environmental Commission (CT,NY,NJ); JB-Jamaica Bay Unit; MRLC-Multi-Resolution Land Characteristics Consortium; NADP-National Atmospheric Deposition Program; NOAA C-CAP- NOAA, Coastal Change Analysis Program; NPDES-National Pollutant Discharge Elimination System; NPS-National Park Service; NYC DEP-New York City Department of Environmental Protection; SH-Sandy Hook Unit; SI-Staten Island Unit; SSER-South Shore Estuary Reserve.


Table 1 (cont.). Candidate variables proposed for regional monitoring of estuarine nutrient enrichment.  Summary of relevant data available from the NPS and other programs for New England coastal parks.  

	
	Cape Cod (CACO)
	Boston Harbor Islands (BOHA)
	Acadia (ACAD)

	Agents of Change
	

	Watershed Land Use & Land Cover Mapping


	Land use/land cover data are available for all Network Parks from the NOAA C-CAP.  Also, national land cover data (15 land classes) are available from the MRLC Consortium from 1991 and 1992 imagery.

	
	Barnstable County land-use tracking; additional land-use tracking proposed by NPS prototype monitoring plan
	
	

	Inventory of Nutrient Point Sources
	Nutrient point sources relevant to each park unit are inventoried and permitted by states and /or EPA under NPDES permitting laws.

	Atmospheric Deposition of Nitrogen
	NADP monitoring of wet deposition of nutrients throughout the country.  (++) Park unit has NADP station within its boundaries; (+) Park unit represented by nearby NADP station; (-) No NADP station in vicinity of park unit.

	
	++
	+
	++

	Ecosystem Responses

	Chlorophyll-a
	NPS: expected to be included in prototype monitoring protocol under development 
	MWRA: Weekly at 9 receiving-water stations May-Oct., fortnightly thereafter
	

	Attenuation of PAR
	
	MWRA: Weekly at 9 receiving-water stations May-Oct. fortnightly thereafter
	

	SAV Distribution
	MA DEP: Target mapping every 5 years
	MA DEP: Target mapping every 5 years
	

	Sediment Organic C
	
	MWRA: annual August survey
	

	Dissolved Oxygen
	NPS: expected to be included in prototype monitoring protocol under development
	MWRA: weekly at 9 receiving-water stations May-Oct., fortnightly thereafter; weekly at 5 former outfall stations in Boston Harbor throughout the year
	

	Benthic Community Structure
	
	MWRA: annual August survey
	

	Required Ancillary Data

	Temperature & Salinity
	
	
	

	

	Acronyms
	MA DEP-Massachusetts Department of Environmental Protection; MRLC-Multi-Resolution Land Characteristics Consortium; MWRA-Massachusetts Water Resource Authority; NADP-National Atmospheric Deposition Program; NOAA C-CAP- NOAA, Coastal Change Analysis Program; NPDES-National Pollutant Discharge Elimination System; NPS-National Park Service.


Table 2. Approaches and methods for NPS Vital Signs variables requiring evaluation under the pilot testing phase.

	Variable 

(index period)
	Approach
	Method Citation

	Chlorophyll-a

(continuous)
	Chlorophyll-a will be measured continuously for a four-week index period during the late summer when fresh water residence time is anticipated to be long, and phytoplankton production is high.  A YSI, Inc. 6600 Extended Deployment System multi-probe equipped with an in situ fluorometer will be deployed at each of the test parks during the evaluation phase.  Fluorescence data will be calibrated against chlorophyll-a extractions on reference samples.
	YSI 1999.

EPA method 445.0 or

Welschmeyer 1994.

	Chlorophyll-a (discrete)
	Discrete sampling will be conducted at each park using a probability-based sampling design following EPA NCA approach.  Vertical profiles of in situ fluorescence will be calibrated against chlorophyll-a extractions on reference samples.  Synoptic surveys will be conducted during the continuous monitoring index period.  
	EPA method 445.0 or

Welschmeyer 1994.

	PAR Attenuation

(continuous)
	The attenuation coefficient of downwelling PAR will be measured continuously during two four-week index periods of anticipated low CHO stress on SAV (early spring and late summer).  Either 1) a LiCor LI-1400 logger  or 2) a YSI, Inc. 6600 Extended Deployment System multiprobe will be equipped with two upward facing 192SA underwater radiometers separated by a path length of no less than 50 cm.  Sensor output will be checked against another portable radiometer as part of a weekly cleaning and maintenance schedule.
	Carruthers et al. 2001

	PAR Attenuation

(discrete)
	Discrete sampling will be conducted at each park using a probability-based sampling design following EPA NCA approach. Vertical profiles of PAR (with deck reference sensor) will be made at each station.  Synoptic surveys will be conducted during each of the continuous monitoring index periods.
	Carruthers et al. 2001

	DO Concentration

(continuous)
	DO will be measured continuously for a four-week index period during the anticipated time of maximum stress from low DO (late summer).  A YSI, Inc. 6600 Extended Deployment System multi-probe equipped with a rapid-pulse DO sensor will be deployed at each of the test parks during the evaluation phase. 
	YSI 1999

US EPA 2001b

	DO Concentration

(discrete)
	Discrete sampling will be conducted at each park using a probability-based sampling design following EPA NCA approach.  Dawn DO profiles will be made in surveys conducted during the continuous monitoring index period.  Measurements will be made with a YSI 6600 Extended Deployment System multi-probe equipped with a rapid-pulse DO sensor, or equivalent instrument.
	YSI 1999

US EPA 2001b

	Temperature & salinity
	This ancillary data will be collected whenever DO is measured.
	





Acadia NP


ACAD





Boston Harbor 


Islands NRA


BOHA











