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Executive Summary
As part of NOAA’s response to Executive Order 13508: Chesapeake Bay Protection and Restoration, NOAA’s Chesapeake Bay Office (NCBO) outlined several activities to support fisheries and water quality management, including a plankton monitoring program.  At the request of NCBO, the Chesapeake Research Consortium (CRC) convened a Plankton Monitoring Design workshop on February 7-8, 2011 in Annapolis, Maryland.  The objective of the workshop was to define the elements of a “core” tidal Chesapeake Bay Plankton Monitoring Program that addressed specific regional water quality and fisheries management needs.  Although plankton monitoring programs have existed in the Chesapeake Bay since the mid-1980’s, the data have not been well integrated into fisheries and water quality management decisions.  Reasons for and solutions to this disconnect were discussed during the workshop.  Participants included water quality and resource managers, plankton and fisheries experts, and other individuals familiar with the plankton database and collection programs.  
As requested by NCBO, the workshop findings presented in this report represent a range of options across different funding scenarios.  Over the day and a half workshop, manager-identified priorities and questions were used to inform discussion of possible elements of a plankton monitoring program.  Participants agreed that a long-term plankton monitoring program was essential to an ability to assess ecosystem shifts in the tidal Chesapeake, whether driven by mandated nutrient reductions (i.e., total maximum daily loads, TMDL) or fishing pressures, natural processes (single-to-multi-year weather patterns, such as North Atlantic Oscillations, Bermuda highs and lows, El Niño, La Niña), or global phenomena (e.g., sea level rise or increasing temperatures or decreasing pH of the global ocean).  The use of routine plankton monitoring for short-term ecosystem assessments for either water quality or fisheries was not broadly supported given the low spatial and temporal sampling frequencies over the large tidal area of the Chesapeake Bay.  However, data from a ‘core’ program can qualitatively inform event impacts (e.g., algal blooms or die-off events) and provide useful background information.
There was near unanimity from workshop participants that any future plankton monitoring program must include three elements:  1) management-specific products derived from annual discussions of experts, management leaders, and skilled data analysis staff; 2) annual or bi-annual reports summarizing patterns, trends, or thresholds observed in collected data; and 3) biannual reports that integrate plankton elements with other elements of the regional monitoring and research communities, including water quality, land use, discharge and circulation, major meteorological events (major storms, Bermuda highs/lows, NAO, etc.), and human interventions (e.g., harvest, invasives, TMDL implementation, etc.).  These reports would include examining aspects of major ecosystem changes in plankton and other food web members, such as climate change and possible shifts in aquatic species, pathogens and parasites, or unique predators (e.g., new bird species).

Annual assessments of plankton data utility for management needs are important in meeting all three of these components of plankton analysis.  Plankton information is necessary for identifying long-term shifts in the ecosystem, e.g., plankton composition.  However, for those plankton elements whose collection has been rationalized for some other need, annual presentations of the data specific to that need should be required, with those results leading to continuation of the sampling or alternatively a modified collection program or even elimination of the plankton component.  This approach has been implemented on the west coast of Florida (E. Peebles, pers. comm. [University of South Florida]) guaranteeing management-specific analyses and products or removal of non-responsive project elements.  A similar assessment should be implemented at 5 or 10-year intervals for all elements, to insure examination or detection of major shifts in taxa or groups that could indicate ecosystem change or readjustments accompanying more subtle forcings inherent to climate or gradual load reductions.  This might be facilitated by a large regional conference specific to analyses to detect ecosystem change.

Summary of Key Findings

Several considerations for developing the most effective and cost-efficient plankton monitoring program were identified.  Participants agreed that the long-term Bay-wide plankton monitoring program should be continued, with the following recommendations for core program elements: 
· Bacterioplankton monitoring is identified as a core component of a tidal bay 
plankton monitoring program.  One on-going project (~$200,000) is currently supported by NOAA’s Cooperative Oxford Laboratory (COL) at the request of Maryland and Virginia staff and could be expanded to include other stations proposed for mesozooplankton monitoring.  This program quantifies several Vibrio species as well as the fish pathogens such as mycobacteria, current concerns but likely major issues for a future bay as climate changes.  The current element is beyond the state and county-administered programs for beach closures and shellfish sanitation.

· Phytoplankton, mesozooplankton, and gelatinous zooplankton (ctenophores 
and cnidarians) were the three other plankton groups identified as critical components of a core monitoring program.  Data on these plankton are critical to allow not only assessments of responses to nutrient and sediment reductions through implementation of practices to meet the bay-wide TMDL but also to enable evaluation of lower trophic level impacts on fisheries versus those attributable to fishery harvests.  Details and justification for these groups include:
· Phytoplankton sampling bay-wide to assess ecosystem shifts as functions of nutrient and sediment loadings, climate change, changes in the food web structure, and other Chesapeake Bay trophic response questions ($210,000 annually);
· Zooplankton (mesozooplankton and gelatinous zooplankton) sampling to understand ecological shifts in prey availability for key managed fish species due to climate, nutrient and sediment loading, and recruitment patterns.  Further, these data could expand the Zooplankton Index of Biotic Integrity (Z‐IBI) bay-wide for spring and summer and the Spring Larval Striped Bass Food Availability Index, an indicator of habitat suitability for the survival of larval fish and predictor of the survival of larval striped bass for a given year-class ($550,000 annually).
· A rigorous statistical analysis ($50,000) of the historical plankton data should be undertaken prior to any comprehensive monitoring program is implemented, with a goal of determining similarities between plankton composition in tidal areas of the bay.  The justification for this analysis is that composition in many stations of similar salinities may not differ substantially and hence, laboratory analyses might be reduced to a fewer number of stations within a salinity zone to still provide the resolution needed to identify long-term trends and shifts in composition, and additional information needed to address water quality or fisheries management needs.
· Establish an annual meeting ($10,000-$15,000) of several regional experts 
and the specific water quality and fisheries managers to undertake two tasks:  1) regularly determine the most important management issues so that the scientific community might adapt the monitoring program and its products to best meet emerging management needs and 2) following presentations from the teams leading the monitoring elements, review the monitoring data and interpreted information and products specific to the previously identified specific manager needs.  If the results or information were not responsive to management needs, then the monitoring element and/or its products could be modified or removed from the program. 
The list above is a summary of the key recommendations for components of a core monitoring program that is successfully integrated with the management decision making process.  Additional elements were recommended as funding allows and management needs change.  The full suite of recommended options is provided in Table 1 in the main text.
Introduction

The Chesapeake Bay Program began working with state partners to monitor plankton in the Bay’s tidal waters in 1984.  Data collected from the phytoplankton and zooplankton monitoring programs have been used in a limited manner for a variety of management purposes including tracking progress toward water quality targets and developing indices to provide information on the status of fisheries.  
Specifics of the programs included zooplankton monitoring from 1984-2002 and phytoplankton monitoring from 1984-2010.  Zooplankton monitoring was conducted under direct EPA funding.  Phytoplankton monitoring was funded by the states of Maryland and Virginia as a match for the EPA funding they received for water quality monitoring.  Where possible, plankton sampling was usually undertaken on the same boats at the same time as water quality monitoring.  Due to budget issues, zooplankton monitoring was discontinued in 2002 in favor of shallow water monitoring.  There was one year of funding available to re-start sampling in 2005.  However, due to administrative delays, funding was redirected to analyze archived samples instead, to better assess methodological differences between historic state programs.  Phytoplankton monitoring continued, with some reduction in sites, depths, and frequencies, through 2010.

Long-term plankton monitoring programs are in place around the world to assess trends in ecosystem health, invasive introductions, responses to nutrient reductions, and less often fisheries management (e.g., Zingone et al. 2010).  In terms of assessing overall ecosystem health and supporting fisheries management, several research papers highlight the critical value of routine monitoring data of phytoplankton, zooplankton, and gelatinous plankton (Link et al. 2010; Samhouri et al. 2009, Townsend et al. 2008).  In many other systems, plankton data feed into ecosystem models to generate indices of overall ecosystem health (Samhouri et al. 2009).  The Chesapeake Bay region’s current lack of continuous plankton data impedes further development of these management tools at a time when land use changes, climate change, management and regulatory shifts, and restoration efforts make them most needed.  Because plankton communities are sensitive to light, temperature, and nutrient availability and can exhibit short-term responses to changes in ecosystem condition, the suspended unicellular and multicellular plankton are an ideal monitoring target.  Major shifts in species, groups, or function can occur, however, through long-term changes in ecosystem perturbations as well, and hence long-term records of plankton are critical for assessing responses to slowly implemented watershed-wide management practices (responses to cumulative nutrient or sediment load reductions or removals of top predators) or global changes (such as slow sea level rise, temperature increases, ocean acidification).  At the bottom of the food chain, the plankton support commercially important fisheries and other living resources, and ecosystem based fisheries management (EBFM) relies on estimating flows of energy from these microscopic, rapidly cycling assemblages to small nekton as prey for the commercially important species in the region.  Hence, through detecting changes in plankton communities, researchers can assess whether the changes are a result of management options or natural processes and suggest adjustments to management options to further restore system water quality or fisheries production.  
The Chesapeake Bay Executive Order 13508 Annual Action Plan (FLCCB 2010a) calls for the maintenance of the phytoplankton and zooplankton monitoring network, as part of action FW 15.  The National Oceanic and Atmospheric Administration’s (NOAA) primary interest in the data from such a network relates to its commitment to facilitating ecosystem based fisheries management and assisting its Chesapeake Bay Program (CBP) partners in monitoring water quality in the mainstem of the Chesapeake Bay.  The 2011 President’s Budget includes an increase in funding for the NOAA Chesapeake Bay Office (NCBO) to help meet the requirements of EO 13508.  Some of these funds could be used to support plankton monitoring in the Chesapeake.  However, before committing to part or all of the costs associated with a plankton monitoring network, NCBO requested this workshop to re-evaluate past monitoring efforts, suggest necessary sampling design changes, and identify components of a “core” plankton monitoring program that would ensure relevant data are collected as efficiently and economically as possible for specific management-identified priorities or questions. 
Workshop Overview
The Chesapeake Research Consortium (CRC) convened a plankton monitoring design workshop at NCBO’s request in Annapolis, Maryland on February 7-8, 2011.  The President’s proposed FY2011 budget included $5 million to address the Chesapeake Bay Executive Order (EO 13508), of which $200,000-$500,000 could be allocated toward a plankton monitoring program.  The purpose of the workshop was to convene regional experts and end-users to define core elements of a monitoring program given that level of potential funding.  The core elements were defined by the relevance of plankton monitoring program components and products to key management drivers, priorities, and questions.
Prior to the workshop, CRC implemented a two-part strategy to ascertain potential priorities for a plankton monitoring program in the tidal bay for water quality and fisheries management.  In the first element, CRC’s Executive Director Sellner conducted interviews with regional scientists and managers from Maryland, Virginia, and the Potomac River Fisheries Commission (see Appendix A) on needs for plankton data or information in either water quality of fisheries management.  These resulted in substantial background for what data had been used in the past and what data or information could be of potential use in the future.  In the second pre-workshop element, CRC-NCBO staff developed a questionnaire for water quality and fisheries managers in Maryland and Virginia.  The survey (Appendix B) sought input from managers about their need and potential applications for plankton data in their decision-making processes as well as routine decisions they must make where their need for plankton data is not obvious but might be if outside experts could suggest interpretations useful to the decision process.  
These responses were summarized (Appendix C) and made available to all participants (Appendix D).  The workshop began with an overview of workshop goals and process, past and existing plankton monitoring programs and existing databases, a review of managers’ survey responses, and desired final products.  Thereafter discussions focused on specific fisheries and water quality management issues and how plankton data would be used to inform decisions in those two areas.
Throughout workshop discussions, participants were mindful that any new monitoring program components would need to maintain consistency and comparability with historical data.  New programs should strive to for consistency and comparability with past Bay-wide methods while attaining the Bay-wide consistency lacking in the past.  However, this did not mean that methods could or should not be substituted or improved on from those used in the previous program.
Following the workshop, Sellner initiated additional conversations with meeting participants and others in the region to clarify workshop specifics as well as identify potential sampling designs and costs, as these were only briefly discussed during the workshop.
Plankton Element Summary (Table 1)
Table 1. Plankton Monitoring Program Options.  Program options are presented within the context of two scenarios:  Core Program (those identified as most critical) and additions to the Core Program (the next tier of priority information as funding and management priorities allow).  Note that costs for each element are provided as stand-alone funding requirements.  To be as cost effective as possible, future monitoring efforts should consider coordinating sampling efforts.  Because many of the same stations are being sampled for different monitoring components, cost savings can be realized by coordinating collections across the different programs. 

	Component
	Extent
	Description
	Cost
	Products & Applications

	Core Program

	Historical Data Analyses
	Maryland & Virginia
	Determine collection duration needed for maintenance of statistical power in determining long-term trends in phytoplankton & zooplankton data; analysis to determine plankton similarities between stations and therefore reduction in number of routinely analyzed station data vs. archiving other samples for subsequent event- or topic-specific need (sentinel vs. archived samples/data); determining types of data required, sampling duration, and frequencies needed to address specific management questions.
	$50,000
	Critical to selecting stations to be sampled, frequency of sampling, questions that can or cannot be answered with reduced station numbers, and monitoring project cost.

	Bacterioplankton
(collections in place)
	NOAA Cooperative Oxford Laboratory Zooplankton monitoring sites
	Collect bacterioplankton samples at the NOAA Cooperative Oxford Laboratory 16 zooplankton monitoring sites; add processing samples for speciation, analyses, and reporting component to core program.
	In-kind (estimated at $200,000); additional $50,000 for interpretation & reporting.
	Spatial distributions of human and fish pathogens.

	Phytoplankton
	Virginia
(in place)
	Year-round monthly collections at 14 stations, APa, BPb, and laboratory analyses and reporting for pico-microplankton.
	$135,000c, adding productivity would require $18,000.
$25,000 Data Analyses and Synthesis to link to other pertinent system data and inform specific management decisions.
	Multi-year trends in phytoplankton species, groups, size distributions; PIBI.  Data for EBMs.

Shifts as a function of nutrient load reductions, climate, food web changes.

	
	Maryland
	Monthly spring-summer sampling, laboratory analyses, and reporting at 27 stations, APa; includes 16 stations and 3 monthly samples for summer picoplankton.
	$72,000d
$25,000 Data Analyses and Synthesis to link to other pertinent system data and inform specific management decisions.
	Multi-year trends in phytoplankton species, groups, size distributions; PIBI. Data for EBMs.

Shifts as a function of nutrient load reductions, climate, food web changes.

	Mesozooplankton
(collections in place)

or

Mesozooplankton + Anchovy and Weakfish Eggs+Larvae
	Tidal Bay
	Monitoring at historical stations in tidal bay and tributaries for mesozooplankton and gelatinous zooplankton.  This would be an expansion of the current NOAA Cooperative Oxford Laboratory Program that collects monthly samples from February-November along the axis of the Bay and the Choptank and Potomac Rivers to include the Patapsco, Patuxent, Rappahannock, York and James Rivers as well as 2 stations just west of the VA Delmarva shore and another in Tangier Sound. By concentrating plankton from >10 m3 of water, the eggs and larvae of anchovy and weakfish could be accomplished.
	$200,000 is now committed by NOAA COL for collecting samples; an additional $200,000 is needed for collecting in the other tributary and 2 lower bay stationse.  $50,000 has been estimated for analyzing the NOAA COL samples so a similar sum would be likely for the added stations.  Another estimate approximates $450,000f.
Add $25,000 for eggs and larvae (see below).
$50,000 would be needed for thorough interpretation and reporting.  
	Fish food availability, nutrient load or climate-driven speciation or abundance changes; ancillary data for explaining fish stocks when fish harvest restrictions do not yield expected fish stocks.

	Annual Plankton or Ecosystem Analysis Workshop
	Regional
	Annual symposium to present monitoring data and analysis along with routine assessment reports. 
	$10,000-$15,000
	These events would be opportunities for managers to hear results and relevancy, as well as provide input to monitoring programs for adaptive monitoring.

	
	
	Optional Program Elements
	
	

	Speciation Methods Development
	Maryland & Virginia
	Explore new automated phyto- and zooplankton identification technologies (FlowCam®, Cytobot, ZooScan®) for speciating both groups; conduct comparisons of classical light microscopy and new technology data; train staff for use of technologies. 
	$70,000
	Replace tedious and expensive microscopy.

	Picoplankton Biomass (0.2-2 µm chlorophyll a)
	Maryland & Virginia
	Alternative for assessing long-term changes in smallest planktonic autotrophs in historical cyanobacteria-rich tributaries (e.g., Potomac) and saline stations.
	$25,000 from increases in on-going water quality chl a processing and analyses; can be done as add-ons in existing state WQ monitoring programs.
	Climate- or nutrient load reduction shifts in this phytoplankton group.

	Phytoplankton Pigments
	Maryland & Virginia
	Validating multi- and hyperspectral detection of phytoplankton groups in all tidal areas.
	$10,000-$20,000 first year, $5,000 per year thereafter (from $67/sample) so very expensive; once algorithm developed, rarer spot sampling needed only occasionally.  Requires High Performance Liquid Chromatography (HPLC) of field-collected samples.
	Identification of possible ‘hot spots’ for problem taxa, ‘event-driven’ group responses at almost daily intervals for satellite overflights.  Would permit bay-wide ‘group-specific’ distributions, important in identifying long-term shifts in phytoplankton.

	Microzooplankton
	Maryland & Virginia
	Historical station sampling, at a minimum monthly sampling in the spring to fall.  Options include >20 µm samples, APa or whole water.
	Approximately $100,000g per state, or $200,000 bay-wide and tributaries, with an additional $25,000 for analysis and interpretation.
	Provides prey for first-feeding fish larvae as well as long-term changes in microbial food web indicative of major system changes from human or natural stressors.

	Oyster Larvae
	Maryland
	Shallow water sites for assessing phytoplankton speciation and therefore food quality/quantity and disease susceptibility.
	$2,000/site/visith
	Selection of new shallow water sites, assessing historical sites for likely oyster food requirements.

	Anchovy and Weakfish Eggs and Larvae
	Maryland & Virginia
	Could be part of mesozooplankton collections with  ichthyoplankton and egg sampling (concentrate from >10m3 water) at all saline sites, followed by laboratory analyses, interpretation, and reporting.
	$25,000i
	As primary carnivorous fish prey, important annual estimates of recruitment potential.

	Eggs and Larvae of Striped Bass, Alosines
	Maryland & Virginia
	April-May, bay turbidity maximum, 3-4 mid-channel stations; use historical mesozooplankton nets or tucker trawl for larger volumes (~125 m3).
	$33,000j
	Important annual estimates of recruitment potential.

	Mysids
	Maryland & Virginia
	Year-round monthly diurnal near-bottom samples with tucker trawl (in debris-free areas) or large volume pump or nocturnal tucker trawls or large volume pump throughout water column in 3-4 sentinel saline areas.
	$57,000k
	Important prey item for most top fish predators; complements expanded fish diet analyses.

	Ingress-egress Bay Mouth Station
	For Maryland & Virginia
	Sentinel station near bay mouth for routine weekly collections of fish eggs and larvae entering the bay (1 station), twice weekly crab megalopae entering from mid-July to mid-November (3 collectors), and weekly zoea leaving the bay (nocturnal, spring ebb tides) across 5 station transect from May through September, interpretation, and reporting.
	$100,000 (fish eggs & larvae)l; $92,500 for semi-weekly July-November crab megalopae ingressm; $51,000n for crab zoea egress May-September.
	Annual estimates of bay entry-exit of commercially important fish and shellfish taxa; recruitment indices, ability to assess possible recruitment successes or failures.


aAP = composite of 5 depths above the pycnocline

bBP = composite of 5 depths below the pycnocline.

cin place, supported by Virginia Department of Environmental Quality
dsought by MD Department of Natural Resources

eSellner estimate based on a similar number of stations and samples

fSellner estimate from R. Lacouture zooplankton monitoring program, assuming $100,000 for mesozooplankton x 2 seasons x 2 states, $50,000 ship costs 

gDerived from R. Lacouture estimate of 2 states x 13 stations x 13 samples
hSellner estimate assuming: 
	boat
	Sal+fge
	travel
	per diem
	lab
	rpt
	total

	$300 
	781.25
	150
	50
	390.63
	390.63
	$2,063 

	
	
	
	
	
	
	


iSellner estimate assuming laboratory analyses as add-on to mesozooplankton laboratory labor

jSellner estimate assuming:

	boat
	Sal+fge
	travel
	per diem
	lab
	rpt
	total
	total/yr

	$1000
	781.25
	150
	50
	390.63
	390.63
	2762.5
	$33,150


kSellner estimate from:
	boat
	Sal+fge
	travel
	per diem
	lab
	rpt
	supplies
	total
	total/yr

	$1000
	781.25
	150
	50
	390.63
	390.63
	2000
	4762.5
	$57,150


lEstimate adapted from costs for the VIMS York River mouth ichthyoplankton ingress project (F. Ribeiro, pers. comm.).

mSellner estimate assuming 60 d sampling, 7/15-11/15, passive samplers:

	boat
	Sal+fge
	travel
	per diem
	lab
	rpt
	total

	$18,000 
	46,875
	9000
	3000
	11,718
	3906.25
	$92,499 


nSellner estimate assuming weekly sampling a 5 station transect across bay mouth, May-September
	boat
	Sal+fge
	travel
	per diem
	lab
	rpt
	total

	$20,000 
	15625
	3000
	1000
	7812.5
	3906.25
	$51,344 


Format for Key Workshop Findings
Following the first section on Stations and Frequencies, a summary of workshop discussions on each possible plankton element in a plankton monitoring program is provided.  The element is noted, followed by any history, relevance to identified needs, management products, and costs.  
Sampling Stations and Frequencies and Counting Methods
Participants noted that fluctuating support has typified past tidal plankton monitoring programs, likely a fiscal reality for programs whose value is detecting long-term changes in very complex assemblages of nearly invisible organisms.  As a result, discussion of options for maintaining the integrity of future sampling and analyses was initiated with the following exploratory analyses suggested:  1) statistically analyze the 26-year historical record and through sub-sampling, determine what basic understanding and abilities to inform water quality or fisheries management would be eliminated if specific stations or groups were lost from the record and 2) identify similarities or redundancies in data/information across the historical data to indicate whether intensive sampling of fewer stations within a salinity zone could characterize the region perhaps through sentinel stations in those areas.  Collection and archival of samples for other stations could be maintained with later analysis should site- or region-specific information be needed.  

Spatial coverage of the tidal bay was also a concern to workshop participants.  To increase spatial coverage across the lower bay, two stations were recommended as additions to the historical program:  one in the Tangier Sound area and another along Virginia’s Delmarva shore.  Tangier is a relatively high clarity region with potentially valuable oyster growth areas while Virginia’s Delmarva area is the transport route for oceanic taxa entering the bay and advected northward to ‘seed’ tidal bay assemblages.  Participants also agreed that temporal coverage should, at a minimum, include the highly productive spring and summer months, times important to system production responses to the winter-spring river nutrient inputs and subsequent sedimentation and decomposition of spring bloom biomass that yield summer bottom hypoxia or anoxia, and fish and shellfish recruitment.
Although not specifically addressed during the workshop, additional topics that warrant further community assessment for informing management include sampling of sub-pycnocline depths (part of the historical program but rarely used in any assessment), sampling frequencies (every 2 weeks initially in the historical program to monthly in more recent periods), spatially-intensive sampling for zooplankton at the turbidity maximum (Olson and Sellner 2005), and shallow water phytoplankton assemblages that could support recovering oyster beds in continuing state-Federal restoration programs (20 of 35 tributaries in the Federal EO Strategy).
In an attempt to secure plankton speciation data more rapidly, workshop participants suggested that new technologies may be able to provide plankton counts and speciation cheaper, faster, and more accurately than traditional microscopy identification techniques.  Several techniques like FlowCam®, Flow CytoBot and ZooScan® are used locally as well as in other systems to identify unicellular and multicellular plankton.  Participants recommended a critical comparison effort between the current microscopy technique and these automated systems, at an estimated cost approximating $70,000.

Bacteria to Fish and Management Needs
Bacterioplankton

Bacteria pose on-going and likely increasing problems for the bay for living resources and humans.  There are currently large sampling programs conducted by state departments as well as county governments for pathogens that pose threats to human health, such as beach samplings and shellfish collections.  These support rapid decisions on recreational use of local waters and shellfish harvests.  

Recently, NOAA’s Cooperative Oxford Laboratory (COL) implemented an initial year-round but now an April-October bay-wide bacteria sampling program to identify other critical pathogens such as Vibrio spp. and mycobacteria:  The former will likely increase in the coming years with climate change (see Najjar et al. 2010) while mycobacteria now impact large portions of the striped bass population (Gauthier et al. 2008).  The partnered program was established to inform Maryland and Virginia state agencies responsible for safe-guarding public health, yielding empirical models embedded in the ROMS hydrodynamic model to provide nowcasts and 3, 14, and 28 d forecasts of these taxa, visible at http://155.206.18.162/pathogens/.  The COL monitoring program would not provide the local-state managers responsible for beach or current shellfish sanitation with better data than already collected in the human health programs. 
Management products from the Vibrio and mycobacteria program include the nowcasts and forecasts with potential expansion of these models for use in oyster aquaculture assessments as future threats to human consumers in the region.  Additional products might be specific mycobacteria responses to nutrient loads and resulting oxygen levels, as Jacobs et al. (2009) noted positive and negative relationships between TN and DO, respectively, for Maryland’s coastal bays.   Implications for tributary-specific fish disease and mycobacteria densities or speciation remain to be determined but should strong quantitative relationships be established, managers for fish stocks potentially impacted by the bacteria (striped bass, white perch) would benefit from these acquired data.  Estimated costs for the current program are $200,000 annually for collections and another $50,000 for analysis and product delivery.
Phytoplankton

Picoplankton

Densities and biomass of the picoplankton, the 0.2-2 µm fraction of the phytoplankton, were also requested during the summer months, as components of Virginia’s and Maryland’s on-going assessment capacities for system responses to nutrient reductions as well as the Phytoplankton Indicator of Biotic Integrity (PIBI, Lacouture et al. 2006).  These smallest cells are important to water clarity (Magnuson et al. 2004, Gallegos et al. 2006) and therefore could assist in interpreting standards for clarity or submersed aquatic vegetation.  The picoplankton is the dominant planktonic primary producer in nutrient-poor oceanic waters and oligotrophic lakes (Fogg 1991) and a summer dominant in the Chesapeake Bay (Ray et al. 1989).  Its utility is through its ratio to the microplankton, as estuarine picoplankton would remain relatively constant (requiring minimal nutrient for growth and productivity; Fogg 1991) while the larger microplankton taxa are expected to change with nutrient availability, mixing, or food web changes.  

An alternative to picoplankton abundances is picoplanktonic chlorophyll a concentrations, a more easily measured (filtering 2 µm filter-passing water through a 0.2 µm filter and measuring chlorophyll a with standard techniques) therefore less expensive parameter that would still permit detection of system changes due to nutrient load reductions or food web shifts.  It could be accommodated with an additional sample in the surface mixed layer of each water quality monitoring station in the summer months, as well as an additional laboratory sample for fluorometric or spectrophotometric determination of chlorophyll a, methods common to both Maryland and Virginia water quality monitoring programs.  

Management products are the PIBI as well as trends in the picoplankton as the summer dominant through time.  Virginia includes picoplankton in its criteria for system response to nutrient reductions.  Maryland water quality managers see picoplankton information important to any Potomac assessments as well, where cyanobacteria are common historically.  The PIBI has been used previously in the bay report card, and if available, would be requested to be re-introduced into the metric.  Costs for estimating picoplankton abundances are summarized in the phytoplankton section below while estimating picoplanktonic chlorophyll a concentrations would likely result in additional costs to summer field collections and laboratory analyses for the existing state water quality programs of $25,000.
Nano-Microphytoplankton

Identifying ambient nano-microphytoplankton (2-200 µm) abundances and species composition through routine monitoring was identified as a high priority by all workshop attendees (researchers, state water quality and fisheries managers).  These data were described as the foundation for understanding ecosystem dynamics and for on-going system responses to load reductions embedded in the bay-wide TMDL issued in 2010.  Phytoplankton data are also necessary for potentially explaining shifts in fish and shellfish taxa, food quality, availability for fisheries (fisheries models, menhaden production), and ecosystem impacts whether driven by natural or anthropogenic processes.  Although not discussed, year-round sampling would also provide the ability to determine climate-induced expansion of warm-water taxa into current cold water months and potential shifts in the timing of seasonal events in the bay, such as an earlier spring bloom and the fall overturn and diatom increase later in the fall coincident with a longer summer.  Data for detecting these shifts, however, would require a long-term program, more than a decade, to allow detection above year-to-year hydrological variability.  
Routine, coarse-scale phytoplankton monitoring programs can provide background information to aid in understanding water quality “events” (e.g., fish kills, aperiodic low DO concentrations, harmful algal blooms, and impacts to shellfish beds).  Both states consider detection of harmful algal species as important existing elements of their rapid response programs (i.e., staff that quickly visit citizen-identified ‘hot spots’) and decisions on closures of specific areas to public use or harvests; identification of these harmful taxa in a routine monitoring program would assist officials as background information for events observed between the monthly or bi-monthly sampling in the core program.  However, developing a phytoplankton monitoring program that targets event-driven monitoring would be extremely expensive.  Collecting background phytoplankton data at regular stations was deemed to be of greater value to managers.  As noted below, participants also discussed alternative monitoring protocols through the use of remote sensing and/or specific pigment sensors for identifying “hot spots”.  This information could be followed up with field samples to validate species (or toxins) associated with those events. 

Additional advocacy for the nano-microphytoplankton element in the core program included model and food web assessments.  Maryland believes that future model calibrations will include phytoplankton group updates (3 in the current CBP estuarine model and 5 in the Potomac sub-model, V. Bierman, LimnoTech).  Finally shifts in species or size will be important in assessing food quality (see below) as well as ecosystem shifts to a microbial loop or gelatinous zooplankton-dominated system instead of fish production (see Gelatinous Zooplankton Section below).
Costs for monthly phytoplankton collections in Maryland for 27 stations in spring and summer approximates $72,000; two composite samples over the surface mixed layer are collected at stratified stations and one is analyzed for species composition and abundances (Table 1).  At mixed or shallow stations, one composite sample derived from equal volumes of surface and bottom depths is collected and analyzed (total for all samples = 130 per year).   Picoplankton (48 samples) is also determined in summer subsamples from each surface composite in mesohaline and polyhaline stations.  In Virginia, monthly samples are collected year-round from 14 stations, using the same compositing approach as Maryland, with the addition of below pycnocline composite samples.  Phytoplankton species identification and abundances as well as picoplankton abundances are determined for all samples.  Costs in Virginia approximate $135,000 annually, with an additional $18,000 needed for productivity measurements (Table 1).
Past estimates for the historical sampling program (year-round with monthly sampling November-March and twice per month April-October) or sampling twice per month from spring to fall) exceed these estimates substantially.  For example, a draft Plankton Monitoring Program (CBP 2002) was derived for the bay and primary tributaries, based on the 1984 MD Plankton Monitoring Program design plus expanded spring nursery area collections and analyses.  Totals for Maryland and Virginia were ~$238,800 without productivity with an additional $52,400 and $45,700 for that element in the two states, respectively.  Scaled down versions totaled $153,200 to $70,000 for a combined phytoplankton and picoplankton program in each state, the former close to the current Virginia program and the latter to the Maryland program (without productivity measurements in either).  These estimates do not include any interpretation or synthesis.  
Morgan State University’s Estuarine Research Center proposed a Maryland program in 2005 for 13 sites sampled 13 times per year (composites from above the pycnocline or across a mixed water column) with 4 additional sites sampled 6 times annually.  Picoplankton was to be sampled and analyzed at 7 sites 8 times a year.  The field collections, phytoplankton, and picoplankton elements, data processing, and a summary report were estimated at ~$204,000 (R. Lacouture, pers. comm.).  Productivity and in vivo fluorescence approximated ~$16,000 annually.

Other Phytoplankton Elements

There was also a discussion of accessory pigments as an alternative to phytoplankton species composition information.  Estimating accessory pigment concentrations is accomplished using spectrophotometry or high performance liquid chromatography (HPLC) and is very useful in describing major floristic shifts in the phytoplankton.  However, these methods do not provide any indication of size distributions of the groups (important to selective feeding, food quality, and herbivore success), are costly, and do not include/separate all phytoplankton that are considered harmful (e.g., Karlodinium veneficum, carotenoid-rich diatoms vs. dinoflagellates).  They would be important for future remote sensing of regional tidal production, however, as multi- and hyperspectral remote sensing of primary producers increases in the region (R. Stumpf, NOAA).  In water accessory pigment-specific sensors (phycoerythrin, phycocyanin) might also prove important indicators for water quality problem areas (see below), but as qualitative indicators of unusual phytoplankton group dominance.
Management products derived from accessory pigment-calibrated remotely sensed phytoplankton include more frequent maps of chlorophyll-bearing plankton and individual groups of the total autotrophs, thereby identifying ‘hotspots’ and permitting bay-wide surface production estimates (see www.CBRSP.org) of all plankton algae as well as individual groups.  The latter is important as potential initiation sites for some harmful taxa such as the ichthyotoxin-producing K. veneficum.  Costs are high for estimating accessory pigments, at $67.00 per sample, so initial expenses to develop pigment-specific algorithms would be followed by only occasional validation with field samples.  Initial algorithm development might require $10,000 with annual contributions thereafter for site-specific validation approximating $5,000.  
Zooplankton

Microzooplankton

This smallest group of grazers (2-200 µm), including heterotrophic flagellates, protozoa, and in the historical program, copepod nauplii and rotifers, are major consumers of production in bacteria and smallest phytoplankton groups.  These animals are the core component of the ‘microbial loop’ (Azam et al. 1983), with major consumption supporting nutrient cycling and rapidly reproducing small predators largely directed to gelatinous zooplankton production rather than top nekton piscivores (Greve and Parsons 1977, Landry 1977).  Even with a primary role in this energy sink, many members of the microzooplankton have been identified as critical food items of first-feeding fish larvae (Setzler-Hamilton et al. 1980, Houde and Lovda 1984) and hence important in young-of-the-year (YOY) survivorship.

The historical plankton monitoring program included the >44 µm microzooplankton as part of the core program from 1984-2002.  These data were important as copepod nauplii abundances were only quantified in this element of the program because the mesozooplankton sampling with a 202 µm net excluded the earliest naupliar stages.  However, whole-water counts (animals in a sample that has not passed a net) would also be useful particularly should the tidal bay shift to a bacteria-gelatinous zooplankton system where the consumption of bacteria by the smallest microzooplankton would dominate carbon/energy flow.

Management products would include long-term changes in the proportion of this group to larger zooplankton, as Greve and Parsons (1977) have argued that the microzooplankton represent a dominant contributor to systems shifting to gelatinous zooplankton, such as those with excessive nutrient loadings.  Additionally, relationships between microzoo-plankton densities and ichthyoplankton, YOY, or the state-collected juvenile fish indices could be examined to identify potential food controls on the survivorship of these critical earliest life stages for the important prey fishes or their commercially valuable predators.

Costs for this element approximate $200,000 bay-wide, based on the authors’ assumptions for estimates from the Morgan State University Estuarine Research Center’s 2005 project costs for sampling Maryland waters at 13 stations 8 times in the spring to fall (R. Lacouture pers. comm.).  Another $25,000 would be needed for analysis and interpretation.  Estimates in 2002 (LRSC 2002) for tidal bay and tributary coverage ranged from $124,400 to $280,200, without synthesis and interpretation.

Mesozooplankton
There was workshop-wide support for sampling the mesozooplankton (200-2000 µm) for informing fisheries management, ecosystem modelers, and shifts in plankton community that might accompany altered food webs resulting from nutrient load reductions or climate change (Najjar et al. 2010).  Copepods dominate this assemblage and their abundances are thought important in feeding and nutrition for most life states of commercially important fish and their prey.  Distributions and densities of these small crustacea appear to fluctuate with annual or multi-annual weather patterns (Kimmel et al. 2006, R. Wood, pers. comm.).  Understanding the connection between mesozooplankton, an important dietary component to many commercially important fisheries, and weather patterns informs management decisions by permitting separation of natural versus human-induced impacts.

Historically-consistent data in any new program were suggested and supported, implying sampling at historical stations.  Stepped, oblique hauls of 202 µm nets with flow meters were used previously to yield mesozooplankton m-3.  Monthly collections across the water column were advocated but with recognition of sub-pycnocline oxygen levels as a controlling factor in vertical distributions (several groups have shown that hypoxia and anoxia do not support adult populations, e.g., Roman et al. 1993).  Normalizing animals captured to aerated portions of the water column might be more representative of field distributions than normalizing densities across the entire water column.

Products for management include a long-term data set of mesozooplankton species and abundances for use in fisheries management, ecosystem modeling, and trend analyses (effects of eutrophication, climate change, links between fisheries and water quality, food web shifts, etc.).  As noted below (Core Program), these derived products could explain changes to fish stocks that fish harvest restrictions cannot.  Mesozooplankton data would also expand the Zooplankton Index of Biotic Integrity (Z‐IBI) bay-wide for spring and summer (currently only developed for polyhaline regions in spring) and the Spring Larval Striped Bass Food Availability Index, an indicator of habitat suitability for the survival of larval fish and predictor of the survival of larval striped bass for a given year-class and tributary.

Costs for collecting mesozooplankton cover a wide range.  The recently implemented NOAA COL sampling in historical monitoring stations of the Choptank, Potomac, and Maryland and Virginia mainstem approximates $200,000; analysis and reporting would be another $100,000.  Because restoration in individual tributaries requires tributary-specific approaches dependent on nutrient and sediment sources, residence times, and trophic characteristics of each (e.g., cyanobacteria-rich Potomac vs. eukaryote-dominated Patuxent and other systems), mesozooplankton sampling was requested by workshop participants for the primary tributaries, consistent with the 1984-2002 zooplankton monitoring program, effectively doubling the NOAA COL collection and analytical costs substantially (an additional $250,000).  Other zooplankton monitoring costs range from $169,300-$378,400 for a bi-state mesozooplankton-gelatinous program in 2002 (CBP 2002) to a more recent estimate likely approximating $100,000 for a mesozooplankton-gelatinous zooplankton component of a bay-wide but spatially and seasonally specific 13 station, 8 month (March-October) program for micro-, meso-, and gelatinous zooplankton (total cost was $216,648, R. Lacouture, pers. comm.).  Arbitrarily quadrupling this to include all historical stations for both spring and summer plus an additional $50,000 for ship costs would yield approximately $450,000.  This latter estimate would require an additional sum, $25,000-$50,000 annually, for integration with the other elements.  

Mysids

Mysids were identified as important components of fish diets (e.g., unpubl. VIMS ChesMap diet summaries, Latour et al. 2008) but the nocturnal sampling required to monitor this group (see Olson 1985) resulted in a low priority for this program element.  An alternative to monitoring mysids directly is to continue gut content analysis through some of the existing programs like ChesMap (VIMS).  Research to estimate the importance of mysids and other macrozooplankton in diets was also identified as a needed focus area during this discussion. 

Management-specific products from nocturnal (nets, large volume pumps) or diurnal (large volume pump, bottom tucker trawl with >500 µm net) mysid (Neomysis) sampling programs would include additional prey index information for the carnivorous fishes of the bay, and coupled with gut analyses, relative importance of this macrozooplankton taxon to fish production vs. its natural abundance.  Proportions of this abundant zooplanktor in the diet, relative to other prey, might suggest shifts in fish prey associated with human (nutrient loads, fish harvests) or natural drivers of ecosystem change.  If 3-4 sentinel sites were established across the salinity reaches where mysids are major contributors to fish diets, annual sampling might provide this background information for informing fish production, fish health, and potentially fish susceptibility to disease/mortalities from low prey densities or quality.

Costs would be much like those for ichthyoplankton, but require larger vessels and ship staffs, at least two field hands, and large, cumbersome equipment; an estimate is $4,700 per trip or approximately $57,000 annually.

Gelatinous Zooplankton 

Monitoring gelatinous zooplankton (ctenophores and cnidarians) was identified as a high priority, as these large organisms are major consumers of oyster and fish larvae, eggs, and mesozooplankton (e.g., Cowan et al. 1992).  Monitoring this group of zooplankton is useful for system change assessments, including those from anthropogenic and climate forcing (e.g., Greve and Parsons 1977, Breitburg et al. 2003, Purcell 2005).  Gelatinous zooplankton data can help explain fisheries recruitment; without these data, fisheries managers will have difficulty explaining particular year class strengths.  As in the past program, stepped, oblique 202 µm net hauls can be used to yield ctenophore volumes m-3 each month but long-tentacled Chrysaora (~0.1 m-3) should be collected with descending nets (D. Breitburg, pers. comm.) with 10’s of cubic meters of water concentrated through long (6 m) nets (212 µm net, Keister et al. 2000).  

Information derived from this program would be at a minimum, volumes, numbers, and sizes of ctenophores and cnidaria across the tidal reaches of the bay, thereby consistent and comparable with data in the historical plankton monitoring program as well as the data stretching back through the Chesapeake Biological Laboratory pier sampling.  Trends through time might suggest ecosystem shifts from natural or anthropogenic forces, enabling documentation of fish production vs. jellies, a pattern valued in many human-impacted coastal systems in the world.  Additionally estimates of prey for these gelatinous zooplankton might also provide additional insights into diversions of lower trophic level production to this ‘dead end’ for system energy, rather than the desired fish and shellfish commercially important to the region.

Costs for sampling using the conventional mesozooplankton nets would be absorbed as part of the operating costs of any mesozooplankton program.  If the underestimates of Chrysaora inherent to the small mesozooplankton nets used in the historical program is to be avoided by using longer tucker trawls, field collection time will be increased, likely adding an additional 20% for collection costs.
Oyster Larvae
As one of the bay’s keystone species, oysters are critical in Maryland’s and Virginia’s restoration efforts as well as in the Federal Strategy (FLCCB 2010b) proposed in response to the President’s EO.  As a result of these long-term and future commitments, exploring aspects of oyster larvae monitoring was important for the workshop’s participants.  

Although not currently recommended as part of a core bay-wide monitoring program, fisheries managers indicated the desire to monitor plankton communities in association with oyster bars to better understand the connection between food quality and oyster health (e.g., disease tolerance, mortality events, siting of bars, etc.).  Maryland’s Department of Natural Resources (DNR) has initiated an oyster feeding study and the preliminary results for a nearly mono-specific phytoplankton community are that oysters exhibit selective feeding, with DNR suggesting food quality therefore might be a concern for oyster growth and sustained populations.  Others believe there is more than sufficient high quality food in the current highly productive and eutrophic tidal Chesapeake and its tributaries (e.g., see Sellner and Jacobs 1993).  Regardless of these contrasting opinions, should oyster larvae monitoring be proposed, most existing plankton monitoring stations are not near oyster bars in the shallows so sites might have to be added or moved to study these relationships.  

The participants also discussed plankton monitoring in relation to oyster disease outbreaks, aquaculture, and to a lesser extent, larval abundance and movement (e.g., North et al. 2008).  Past work in the lower bay suggests that oyster larvae can be effectively sampled between May-October (Southworth 1998).  However, several researchers offered that larval densities were not as well correlated with recruitment as juvenile abundance.  Maryland’s Department of the Environment already conducts a monthly bacteria sampling program at about 740 oyster sites and it may be possible that program could collect additional samples.  It was pointed out that perhaps more informative than sampling larvae would be deployment of setting tiles or strings throughout tributaries (M. Luckenbach, Virginia Institute of Marine Science [VIMS]) as an alternative to the single-point-in-time larvae sampling in field collections from a boat; the tiles and strings would integrate through time vs. the single time sampling for boat collections.
Of interest to any future sampling program for oyster or other bivalve larvae is recent progress on larval identification for bay waters.  Goodwin et al. (2011) have proposed a unique polarized light technology for bivalve-specific identification for the dominant taxa in the bay, based on aragonite skeletal patterns in each taxon.  Results from hatchery-reared bivalves look very promising for consistent species-specific patterns, and thereby differentiation between species in samples.  However, additional testing must be done with wild samples to insure detritus and other sample characteristics permit similar resolutions for field populations.

Overall, workshop participants indicated that monitoring plankton to address oyster concerns requires a much finer resolution than a broad-scale plankton monitoring program could address.  Therefore, the consensus conclusion was that these concerns would not support oyster larvae sampling and analysis as a high priority for a core, bay-wide plankton monitoring program. 
Clam Larvae
The discussion and conclusions regarding hard and soft clam management were very similar to that for oysters and the Goodwin et al. (2011) identification strategy could be employed for these shellfish as well.  Commercial fishing for both wild hard and soft clams in the Chesapeake Bay has declined in the last several decades and aquaculture of hard clams has become increasingly important.  Given this shift, managers did not recommend any high priority issues for clams as part of a core plankton monitoring program. 
Blue Crab Zoea and Megalopae
Sampling for blue crab larvae and zoea necessitates the consideration of behavioral and hydrodynamic factors; densities and distributions of these life stages are ‘boom-bust’ (E. Johnson, Smithsonian Environmental Research Center [SERC]; van Montfrans et al. 1995) so a coarse, general plankton monitoring program using monthly sampling would be unlikely to provide valuable information on blue crab populations or recruitment projections.  Megalopae and zoea could, however, be sampled near the mouth of the bay (T. Miller, University of Maryland Center for Environmental Sciences [UMCES], A. Hines, SERC).  
Sampling might be accommodated with fixed sampling gear, either nets for crab zoea or passive samplers for megalopae at the mouth of the bay.  Due to diel phototactic behaviors of the zoea and megalopae, sampling would need to be both day and night (E. Johnson, pers. comm.).  For megalopae ingress, passive samplers could be deployed, 3 at the mouth and sampled daily for the period from mid-July to mid-November (A. Hines, pers. comm.).  These samplers integrate plankton over 24 h, overcoming the high variabilities for these planktors in the water column.  Regular sampling over the 120 d period would further overcome the temporal heterogeneity expected for this early life stage.  Lower priority is the egress or export of zoea (too many variables likely control densities of these earliest life stages), and these populations could be sampled in monthly nocturnal spring ebb tides with nets in a 3-5 station transect across the bay mouth for the period May-September.   

Several products might result from such a sampling program (T. Miller, pers. comm.): 
1)  Improved understanding of stock and recruitment:  The most recent estimate of the stock-recruitment function for blue crab was in 2007 (Fogarty and Lipcius 2007).  Since then, there has been 200% increase in crab abundance and there is a need to reconsider this relationship.
2)  Quantification between sex-ratio and recruitment:  The new management frameworks seek to conserve females and this is having a benefit on abundance, but it is also changing the sex ratio.  Analyses of the relationships between sex-ratio, abundance, and zoea abundance would be helpful in establishing reference points.  And 
3)  Genetic analyses of megalopae would help determine the degree of connectivity among local populations.

Costs for sampling these two crab life stages are quite disparate.  The crab megalopae ingress project is more costly as daily passive sampler collections for 3 stations (to assess the likely boom-bust abundances of this group) for the period July 15th to November 15th would approximate $180,000.  Sub-sampling within a week could reduce these costs substantially, e.g., sampling 2 times per week for the sampling period ($92,500).  Export of crab zoea would approximate $51,000 in a bi-weekly program using nets at 5 transect stations across the mouth of the bay.
Horseshoe Crab Larvae
Virginia identified horseshoe crabs as a potential management concern.  Workshop participants concluded that horseshoe crabs are primarily a management issue for Delaware Bay and not the Chesapeake and therefore did not develop any recommendations on plankton monitoring for horseshoe crab management in the Chesapeake Bay. 
Fish 

Workshop attendees discussed the regional transition toward an Ecosystem Based Management (EBM) approach to fisheries management in the Chesapeake Bay and the need to understand food web dynamics and land-water interactions for effective implementation of EBM.  Plankton monitoring is an essential component of EBM and without an effective monitoring program in place, it will be difficult or impossible to move to EBM in the Chesapeake.  It was noted that plankton monitoring programs and the resulting data have been decreasing just as the regional management community has been trying to move forward with regional EBM. 

Participants had a discussion about balancing the need for long-term continuity of a broad monitoring program with that of emerging issues on a finer scale.  With very limited monitoring funds available, the group agreed that continuity on a broader scale was the highest priority for a future program because such a program could often highlight emerging issues, like changes in overall productivity or community shifts.  More focused research and/or monitoring programs could be developed to build on these findings, but these expanded possibilities might not be identified without a coarse monitoring program in place.  The participants also stressed the need for more analysis of the historical plankton monitoring database and development of routine synthesis products.  

Ichthyoplankton
Workshop discussions focused on identifying what was needed for fisheries management.  Certain fisheries, including striped bass, blue crabs, and menhaden, are priorities for regional fisheries managers.  However, without an effective monitoring program, managers do not have access to information that might warn them of a looming recruitment failure (or booms) or enable projection of future abundances.  Various fisheries were discussed simultaneously as participants suggested that many ichthyoplankton of priority species could be sampled within the same monitoring program.  For example, yellow perch, striped bass, and alosine larvae and eggs could all be sampled in the same program, perhaps an April-May effort (3-4 stations in the bay’s main channel at a salinity from 0-5, E. Houde pers. comm.) as part of an expanded spring zooplankton sampling effort; however large volumes (~100 m3) would need to be concentrated as striped bass larvae can be found at <1 larva m-3 (Martino 2008).  Larvae and eggs of anchovy and weakfish could also be sampled together because of their geographic, depth, and size distributions; these might be available in any routine mesozooplankton sampling program across the tidal bay where >10 m3 water is screened.  Some reasons for including bay anchovy and weakfish eggs and larvae are 1) they are abundant and easily sampled; 2) they are dominant and common in the mid- and lower Bay; 3) they represent fish at two trophic levels(weakfish as juvenile and adult is a primary predator of bay anchovy); and 4) bay anchovy is the most abundant fish in the Bay and likely the biggest fish consumer of zooplankton.
A monitoring capacity that would be beneficial for the fisheries research and management communities in the future, should funding materialize, would be adding a sentinel station at the bay mouth to estimate ingress-egress of fish larvae, eggs, and juveniles, consistent with capturing crab zoea and megalopae (see above).  Such a station would be valuable to assess menhaden larvae into the bay as well as many other fish and invertebrate larvae.  VIMS currently maintains a year-round program at the mouth of the York River, collecting larvae of menhaden, eels, Atlantic croaker, and summer flounder from pier-fixed 1 m diameter nets on flood tides; other larvae and crab zoea and megalopae have been noted in the samples.  Nocturnal sampling is weekly, except in summer with lower frequencies of 2-4 weeks (F. Ribeiro and E. Hilton, VIMS).  ODU has conducted shorter term fall collections over 2 years with a string of 4 vertical nets in the north channel of the bay mouth, specifically focusing on Atlantic croaker larvae ingress (J. Schaffler, ODU); tucker trawls at the mouth to ~30 km offshore were also run to determine shelf background larval densities.  Ingress of anadromous fish larvae and eggs and crab megalopae could be determined with such a program, as well as egress for other taxa.
Fisheries scientists and managers identified quantifying bay anchovy eggs and larvae as a high priority because of their interaction with other zooplankton species as a predator, or prey of adult fishes and gelatinous zooplankton: data on anchovy eggs and larvae would be useful as an indicator of recruitment for this primary fish prey in tidal waters and variations in anchovy populations could signal impacts to other fisheries that depend on them as a food source.  Anchovies span the saline portions of the Bay so stations for collections of these fish could be concentrated in saline areas rather than spread throughout the Bay.  Workshop participants indicated that enumerating anchovy eggs and larvae in any routine mesozooplankton monitoring program should be done, as long as plankton from >10 m3 water was concentrated (E. Houde, UMCES).  
Management products could include development of bay-wide adult bay anchovy abundances and biomass from egg production methods as well as a “prey index.”  There are existing anchovy indices up and down the east coast from New Jersey to North Carolina so a Chesapeake Bay component would fill this geographic deficiency.  Trends over time for the alosines, striped bass, anchovy, weakfish, and white perch larvae and eggs might enable identification of shifting nursery areas due to human or natural changes.  Thresholds (e.g., Uphoff et al. 2011) might also be developed to indicate dramatic change and the necessity for remedial actions.  Coupled with the plankton ‘core’ data, these data and results would also inform ecosystem based management which could lead to calculations and plots on a regular basis to inform the region of the status of plankton and large shifts or anomalies.  

Although menhaden were also discussed, there was no recommendation to include a larval or egg sampling program targeted at this species (see VIMS York River mouth fixed net sampling program, F. Ribeiro and E. Hilton).  While there was no firm recommendation on

sampling menhaden eggs or larvae, there was discussion of the value of monitoring larval ingress at the Bay mouth or possibly at the VIMS York River pier.  This could be accomplished while also sampling and monitoring many other fish larvae and invertebrate larvae.  An ingress sentinel station (see above) could be valuable and cost-effective for monitoring numerous key taxa, including menhaden, in the Bay.
Costs for the April-May striped bass larvae sampling and the anchovy larvae and egg sampling elements are moderate.  The collection of anchovy and weakfish larvae and eggs could be accomplished in the mesozooplankton sampling program, as long as >10 m3 water was screened.  Sampling for less abundant striped bass larvae would require larger screened volumes and therefore perhaps a different methodology (1m2 Tucker trawls vs. 1-2 m 0.5 m2 plankton nets) although 60 cm diameter Bongo nets have been used effectively in the past when filtering at least 50 m3 of water (E. Houde, pers. comm.).  Other sampling techniques, including a 1 m diameter ring net may also be sufficient to sample striped bass larvae.  If the latter was chosen, these nets are similar to nets used in the historical mesozooplankton collections.  Microscopy for enumeration of the larvae and eggs would require additional resources, perhaps $25,000-$33,000 annually, depending on sites selected and sampled.  

Ingress-egress of fish larvae and eggs (like crab zoea and megalopae) sampling and analysis at the bay mouth would be expensive due to high variabilities in plankton densities (see above).  In the York River, an annual cost for fish eggs and larvae of 4 species approximates $100,000 (F. Ribeiro, pers. comm.).  Costs would vary depending on frequency, depths, and taxa examined in the laboratory.  

Except for anchovy and weakfish eggs and larvae sampling in the mesozooplankton collections, managers and scientists agreed other ichthyoplankton information would be helpful if available, but given limited funding it was more important to focus on other elements for the core program.  Sampling for rarer ichthyoplankton taxa may be conducted through shorter-term academic research programs to assess methods and the applicability of the data. 

Comprehensive Assessment Products

An important decision was the need for the routine generation of targeted management products from the plankton monitoring programs.  Houde (pers. comm.) recommends formation of a workgroup of bay program managers, ‘experts’ to design specific elements, analytical experts to manage data and produce calculations and plots for routine use and inspection, and data sets for routine use in ecosystem modeling for fisheries management for refining needed elements and products for fisheries management.  Few such products have been developed in the past.  These products should be developed with input from both scientists and managers to ensure the monitoring surveys and their products are addressing specific management concerns.  The routine products should include the development and reporting structure for “performance metrics” of key monitoring parameters over time.  An index like this would allow a consistent means for tracking trends over time or within particular areas (e.g., fish spawning or nursery areas).  This type of analysis could also develop targets or thresholds for plankton parameters that would trigger the need for management actions or signal goal attainment.  Participants stressed that all future monitoring should be driven by management priorities and without that justification, the limited monitoring resources should be only warily committed.
Recommendations for a Core Program and Future Directions
The text above provides detail for all of the various plankton groups in the tidal bay.  From those, workshop participants agreed on a core plankton program (Table 1, Core Program) as the foundation for water quality and fisheries management in tidal bay waters.  The elements of the program would be the initial statistical analyses for identifying stations and samples to be collected and analyzed, bacterioplankton (already in place), phytoplankton (nano-microphytoplankton species and abundances, summer picoplankton abundances; in place in Virginia), mesozooplankton species and abundances (and with larger than 10 m3 water screened, anchovy and weakfish eggs and larvae), and volumes of gelatinous zooplankton, including ctenophores and cnidarians.  These data are critical to allow not only assessments of responses to nutrient and sediment reductions through implementation of practices to meet the bay-wide TMDL but enable evaluation of lower trophic level impacts on fishery changes versus those attributable to fishery harvests and potential recruitment patterns/trends through time.  
Workshop participants repeatedly emphasized the value of long-term plankton data for assessing bay responses to nutrient and sediment load reductions and fisheries management.  Managers focusing on water quality responses to load reductions detailed the importance of phytoplankton species shifts, contributions of picoplankton, detection of harmful taxa, and shifts in the PIBI for their annual assessments (see above).  Fisheries researchers and managers also strongly encouraged collection of plankton data as critical to future ecosystem management, ecosystem modeling, a possible link to nutrient-induced changes in plankton as prey, and through that mechanism, possible alternative explanations for fish stock declines that persist after imposed fishery harvest restrictions.  Without these data, no such evaluation is possible.  J. Uphoff (MD Department of Natural Resources) commented that bacteria, phytoplankton, and zooplankton “…time series might serve as covariates for fish and shellfish stock assessments or as a matrix of ecological factors that could be used to evaluate trophic function or dysfunction as hypotheses explaining changes in fish or shellfish populations.”  Both Uphoff and E. Houde (UMCES) suggest that establishing the nutrient-plankton-fish linkage is critical because we need to know whether nutrient load reductions and decreased hypoxia will alter fish production.  Direct linkages from nutrients to bacteria, phytoplankton, and zooplankton to stocks of fish and shellfish are only rudimentary at present, and “Trends in plankton abundance, biomass, and composition would be basic parameters for ecological analysis and ecosystem-based decisions” (J. Uphoff, pers. comm.).  This disconnect, independent water quality and fisheries management , should be overcome as “The CBP effort has undoubtedly affected fisheries resources, yet there has not been a directed attempt to link this program with changes in fish abundance, diversity, or yield” (J. Uphoff, pers. comm.).
Houde (UMCES) points out that the unidirectional change in climate could impact the spatial and temporal distributions of bay productivity and a long-term plankton monitoring program is the only way to determine how much change is occurring and when and where the changes are most significant.  The changes should impact our living resources and therefore their management.  There could be substantial shifts in overall production, timing of reproduction, nursery area locations, and spatial and seasonal alterations in stocks for harvest, and these would be informed through the plankton monitoring program.

Mesozooplankton would be collected over the water column in a manner permitting comparison with previously collected abundances of this group (202 µm net).  Wet volumes of ctenophores and cnidarians could be obtained and recorded in the field at all stations where mesozooplankton were collected, with Chrysaora volumes perhaps corrected for sampling bias as indicated by Breitburg (see Gelatinous Zooplankton section above).  Note that other counting technologies for phytoplankton (FlowCam®, Flow Cytobot (Olson et al. 2003)) or zooplankton (ZooScan®, optics) could be used as long as sufficient quality assurance was conducted to ensure speciation and counts obtained with both methods were similar.  This is a future research need but could be part of a core program once comparisons and trainings have been completed.
Several workshop participants encouraged considerations of scaling down microscopy of plankton from all historical stations to only those stations where distinct differences in numbers or species persist, due to the likely very limited fiscal resources that will be applied to the plankton in the future.  Downsizing could be accomplished through rigorous statistical analyses of the 1984-2002 zooplankton data or the longer 1984-2010 phytoplankton data to ascertain predictive power lost with analyzing fewer samples from major salinity regimes of the tidal system (e.g., tidal-fresh, oligohaline, mesohaline, polyhaline reaches):  the analysis might indicate that samples from all historical stations could be collected but for all stations with similar seasonal abundances and composition, microscopy would be limited to a station with the remainder archived for additional analyses if warranted.  This analysis could also permit examination of what management questions could or could not be answered as sample size per salinity reach declines.

Finally, annual meetings of plankton monitoring investigators and managers should be convened to discuss annual conditions and particularly assess whether the plankton data, information, and products were providing valued input to water quality and fisheries managers in Maryland and Virginia.  If utility of the plankton information for management could not be ascertained, open discussions of future component monitoring should result in recommendations on continuation or termination of the specific element.

Summary 
The Plankton Monitoring Design Workshop provided a venue for vetting manager needs in water quality and fisheries, and fostered dialogue with the regional research community to define a potential monitoring program that would routinely provide needed data or information to assist management of these two critical issues in the tidal Chesapeake and its tributaries.  There was broad agreement on the importance of maintaining a bay-wide plankton monitoring program that builds on the long-term historical database.  Workshop participants stressed the value of plankton data for fisheries management (particularly as the Chesapeake Bay managers move toward an ecosystem-based approach), ecosystem modeling efforts, understanding trophic shifts, long-term trends in water quality, and numerous other applications.  Plankton species are critical components of the Bay’s food web and shifts in plankton trends are intimately linked to changes in the Bay water quality as well as atmospheric conditions.  Understanding how the base of the food web is changing with respect to water quality management is at the heart of the Chesapeake Bay management needs.  These recommendations are not unlike those derived in earlier workshops and reports, e.g., the CRC-hosted Zooplankton Monitoring Workshop of 2005 (Olson and Sellner 2005) outlined in Appendix E nor those from King (1999).
Of substantial concern, however, is the likelihood for recurrent examination of management needs, priorities, and questions that must occur throughout the duration of any monitoring program.  This approach, embedded in adaptive management, has not been a standard operating principle within the region and there is some anxiety that the funding organizations and management communities must realize the need for continuous assessment of monitoring results for specific management decisions.  This evaluation is critical, and if monitoring is not providing either data or information aiding public policies, regulations, or mandates to improve water quality or maintain sustainable fisheries, revising or even eliminating monitoring is entirely justified.  This concern could be addressed through routine (annual) and frequent dialogue between the managers, the monitoring community, and science and communication experts so that the decisions pending before these public servants can be identified, discussed relative to data or information needed, and then the monitoring programs and their products be changed to deliver that needed information. 
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Appendix A: Pre- and post-workshop interviews between CRC’s Executive Director Sellner and the scientific and management communities

Academia

Dr. A. Hines (Smithsonian Environmental Research Center)
Dr. E. Houde (University of Maryland Center for Environmental Sciences, Chesapeake Biological Laboratory)
Dr. M. Luckenbach (Virginia Institute of Marine Science)
Dr. T. Miller (University of Maryland Center for Environmental Sciences, Chesapeake Biological Laboratory)
Dr. F. Ribeiro (Virginia Institute of Marine Science)
Dr. J. Schaffler (Old Dominion University)
Management

Mr. A.C. Carpenter (Potomac River Fisheries Basin Commission)
Ms. L. Fegley (Maryland Department of Natural Resources)
Mr. F. Hoffman (Virginia Department of Environmental Quality)
Dr. A. Sharov (Maryland Department of Natural Resources)
Mr. J. Travelstead (Virginia Marine Resources Commission)
Insights on specific groups, methods, previous programs, and past funding levels were sought from D. Breitburg, C. Buchanan, L. Harding, J. Jacobs, J. Johnson, R. Lacouture, R. Latour, M. Olson, J. Pierson, M. Roman, P. Tango, J. Uphoff, and C. Wazniak.
Appendix B:   Management Priorities & Routine Decisions
Plankton Monitoring Design Workshop

February 7-8, 2010

DoubleTree Hotel, Annapolis, MD 
As you are hopefully aware, CRC-NCBO is hosting a Plankton Monitoring Design Workshop next month (February 7-8) in Annapolis with an express goal of developing a plankton monitoring design specific to regional water quality (WQ) and fisheries management needs.  Management priorities can include plankton responses to reduced nutrient and sediment loads, to changing ambient conditions derived from a changing climate, and altered food webs visible through long term trends in plankton as food for higher consumers (e.g., fish or oysters).  There are obviously others to consider.

For fisheries, we are seeking your input on management questions you respond to in your department/agency responsibilities each year for blue crab, striped bass, menhaden, oysters, and alosids.  Your thoughts on other species of concern you will/could address in the near future, e.g., blue catfish or cownosed rays, would also help guide prioritization of plankton needs.  A similar, specific list is needed for WQ, such as are their plankton responses to nutrient or sediment loads reductions, do plankton responses to climate change offer another metric for identifying this threat, are harmful algal species or blooms more frequent, do modifications in phytoplankton or zooplankton impact higher trophic levels, etc.   Finally, following this list of the possible management decisions you are expected to make for fisheries or WQ, an indication of specific plankton data or information you either now use or could use in the future for your reporting or decisions would be further permit prioritization of plankton components in a baseline program and other elements that could be implemented seasonally or spatially as well as with changing management priorities or fiscal resources.
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Appendix C:  Summary of Manager-Identified Priorities, Questions, and Needs
PLANKTON MONTORING DESIGN WORKSHOP

MANAGEMENT QUESTIONS & NEEDS LIST

1.  Oysters (siting, restoration, aquaculture)

2.   Clams (management, harvest, aquaculture)

3.   Blue Crabs (management, harvest)

4.   Horseshoe Crabs (management, harvest)

5.   Striped bass (management, harvest)

6.   Weakfish (management, harvest)

7.   White perch (management, harvest)

8.   Cownose rays (management, harvest?)

9.   Gizzard shad (management)

10.  Alosids (management, restoration)

11.  Menhaden (management, harvest)

12.  Anchovies

13.  Clarity standard

14.  Chlorophyll standard

15.  DO standard

16.  Assessing WQ improvements from past & future (TMDL) actions

17.  Fish kills

18.  PIBI

19.  HABs

20.  Beach closures

21.  Shellfish closures

22. Models
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Appendix E:    Options for NOAA Maintenance of Chesapeake Bay 
Tidal Plankton Monitoring.    
DRAFT 11‐2‐10 for TMAW review on 11-3-10
Background

The Chesapeake Bay Program began working with state partners to monitor plankton in the Bay’s tidal waters in 1984. Data collected from the phytoplankton and zooplankton monitoring programs has been used for a variety of management purposes including tracking progress toward water quality targets and developing indices to provide information on the status of fisheries. Funding for phytoplankton monitoring in Maryland has been cut for 2011, and has been significantly curtailed in Virginia. Zooplankton monitoring ceased in 2002 (see more about sampling history at the end of this document). As a result, a Bay wide monitoring program for plankton no longer exists.

The Chesapeake Bay Executive Order (EO 13508) Annual Action Plan calls for the maintenance of the phytoplankton and zooplankton monitoring network, as part of action FW 15. NOAA’s primary interest in the data from this network relates to facilitating ecosystem based fisheries management and monitoring water quality in the mainstem of the Bay. The 2011 President’s Budget includes an increase in funding for the NOAA Chesapeake Bay Office (NCBO) to help meet the requirements of EO 13508. Some of these funds could be used to support plankton monitoring in the Chesapeake. However, before committing to part or all of the costs associated with the plankton monitoring network, NCBO proposes to work with interested constituents such as representatives from Maryland, Virginia, Chesapeake Research Consortium, Scientific and Technical Advisory Committee, and the Chesapeake Bay Program to re-evaluate past monitoring efforts and identify sampling design changes as necessary to ensure relevant data is collected as efficiently and economically as possible.

In order to conduct this reevaluation a clear list of objectives for a bay-wide plankton monitoring program needs to be developed. Drawing on needs identified in EO 13508 as well as recommendations from previous plankton workshops in the Bay, NCBO has compiled the following initial draft list for review and comment.

Objectives

1. Phytoplankton monitoring objectives

a. 
Provide long‐term data sets for use in fisheries management, ecosystem


modeling efforts, and in trend analysis (effects of eutrophication, climate


change, links between fisheries and water quality, food web shifts, etc.) Note:


phytoplankton data are much more informative than chlorophyll concentration for this analysis.

b. Continue bay-wide Index of Biotic Integrity (PIBI) calculation for spring &

summer; used in Eco‐Check and CBP report cards. PIBI is correlated with water quality.


c. Support/complement limited HAB detection. Note: specialized 

methods needed for full HAB detection, and sampling during blooms is needed (these rarely occur at the same places and times as the routine monitoring). Satellite and buoy data may help with HAB forecasting and detection. (Improved HAB detection is an action in MD under WQ 15.)

2. Zooplankton monitoring objectives

a.  Provide long‐term data sets for use in fisheries management, ecosystem

modeling and in trend analysis (effects of eutrophication, climate change, links

between fisheries and water quality, food web shifts, etc.).

b.  Complete Zooplankton Index of Biotic Integrity (Z‐IBI) development bay-wide for

both seasons; only have for summer polyhaline currently.  Could use in report cards if

available bay-wide.

c.  Continue to collect data needed to calculate the Spring Larval Striped Bass Food

Availability Index.  This index serves as an indicator of habitat suitability for the

survival of larval fish, and serves as predictor of the survival of larval striped bass for a

given year-class and tributary.

Sampling Design

Once a clear set of objectives has been identified, the design of the plankton monitoring

network will be analyzed to determine what changes, if any, need to be made to meet them and at what cost. In considering any sampling design changes, significant thought will be given to maintaining a connection to data collected historically so that future results are comparable with the past. Some potential sampling design options include:

1. Status quo plus zooplankton: restart the zooplankton monitoring the same way it was

done in 2002, and continue the current phytoplankton monitoring without changing

design or methods. (It is unlikely that we would do this, but it is one option.)

2. Limited revisions to zooplankton monitoring. This could be done by implementing some or all of the recommendations in the report from the 2005 CRC conference,

“Zooplankton/Food‐Web Monitoring for Adaptive Multi Species Management.” These

changes could include, for example, varying the sampling stations by season, sampling in

fresher areas in the spring to assess food availability for fish spawning, and in saltier

areas in the summer to assess food availability in areas used by summer breeding fishes,

juvenile fish, and planktivorous forage fish. This presumably would be cheaper than

sampling all the stations in both spring and summer. Other issues that affect costs are

the duration of annual sampling (whether to include colder months) and what layers of

the water to sample (whether to include lower layers).

3. Reassessment and revision of the zooplankton and phytoplankton monitoring programs to better meet NOAA’s mission/objectives, especially for fisheries management, as well the objectives of constituents located around the Bay.

Regardless of which approach is taken, there are several logistical and strategic issues to

consider, including:

1. Funding mechanism (contract or cooperative agreement).

2. Generating comparable results across MD and VA, via consistent methodologies in the

field collections, QA, lab assessments and data delivery, with adequate spatial coverage

of tidal waters.

3. Timing (aligning the sampling and the budget process effectively).

4. The extent to which we can achieve, within budget constraints, coordinated sampling (in time and space) of water quality, phytoplankton, zooplankton, ichythyoplankton, and

prey and predator fish.

5. Prioritizing program objectives (based on the amount of resources available and the

objectives, decisions will need to be made on the scope of the program).

6. Data availability (data need to be available quickly).

Recommendations

1. Present this draft options paper and discuss these issues at the TMAW meeting on

11/3/10, and request time for the same purpose on the agendas of the Sustainable

Fisheries Goal Implementation Team (GIT) Executive Committee on 11/15, and the CBP Scientific and Technical Analysis and Reporting team (STAR) on 11/23.

2. Some or all of the small group that drafted and/or reviewed this document [Peter

Bergstrom, Bruce Vogt, Sean Corson, and Howard Townsend (NOAA), and CBP staff

Jackie Johnson (ICPRB), Peter Tango (USGS), and Jeni Keisman (UMCES)] will meet with Maryland & Virginia monitoring staff to refine the objectives and work out more details.

3. A subset of that group will meet with Kevin Sellner and other CRC or STAC staff to

determine how best to involve CRC/STAC in identifying objectives, evaluating

monitoring designs, and associated costs.

4. Once a renewed monitoring effort is established, a smaller group would meet regularly

to review results and decide if any changes to the program were needed.

Past Chesapeake Bay plankton monitoring and data uses

The Chesapeake Bay Water Quality Monitoring Program conducted zooplankton monitoring from 1984‐2002, and phytoplankton monitoring from 1984‐2010. Zooplankton monitoring was conducted under direct EPA funding. Phytoplankton monitoring was funded by the states of Maryland and Virginia as a match program for the EPA funding they received to do water quality monitoring. Zooplankton and the plankton sampling were usually done on the same boats at the same time as the water quality monitoring. Due to budget issues, zooplankton monitoring was discontinued in 2002 in favor of shallow water monitoring. There was one year of funding available to restart it in 2005. However due to administrative delays, funding was redirected into analyze archived samples instead to better assess methodological difference between historic state programs. Phytoplankton monitoring continued, with some modification, through 2010.

Plankton monitoring is important for making connections between water quality and fisheries. One technique for making these connections is by calculating an “Index of Biotic Integrity” or IBI from plankton data. This index converts the raw data on species presence and abundance from each sampling event to a single number, with higher numbers representing “better” plankton conditions (defined as conditions closer to those found in less‐impacted reference areas). IBI calculation and validation has been done for phytoplankton in Chesapeake Bay (see report), and is partially done for zooplankton in Chesapeake Bay ( see article, for summer polyhaline only). Phytoplankton IBI (PIBI) status by Bay region is included in the annual Eco‐Check report card, and bay-wide by year as part of the CBP annual report card. On a bay-wide scale, the PIBI score as a percent of its goal has fluctuated between about 40‐70% with no clear trend. Similar reporting is not available for the zooplankton IBI, because it has not been developed for all seasons and salinity regimes.
Appendix F:   2011  Cooperative Oxford Laboratory (NOAA-COL) 
Mesozooplankton Monitoring Survey
Background and Objective:  

Zooplankton play a critically important role in the Chesapeake Bay ecosystem because they are sensitive to natural and anthropogenic environmental change, and occupy an ecological niche between primary production and ecologically and commercially important fishes.  The primary objective of the NOAA-COL zooplankton monitoring survey is to preserve and enhance the value of state and federal resources invested in the former Chesapeake Bay Program mesozooplankton monitoring survey (1984-2002).  This NOAA- COL survey will also increase the spatial resolution of coverage in areas known to be important for fish production, and will monitor fish larvae to complement the zooplankton monitoring effort and associated objectives.  When resources become available, these samples will be enumerated and analyzed to provide important information regarding historical and contemporary changes in the mesozooplankton, and how these changes are affecting fish production and ecosystem structure.  Research will be conducted using these and other data to provide important insights into how changes in land use, climate, and water quality are affecting the Chesapeake Bay and the services it provides to society.

Approach:  

Mesozooplankton (e.g. cladocerans, copepods, and gelatinous zooplankton) will be monitored monthly during the months February through November in the mainstem of Chesapeake Bay and in two major tributaries to the Bay.  

Seventeen historically sampled CBP stations were selected which will re-establish the historical record for mesozooplankton throughout the mainstem Chesapeake and two ecologically important Chesapeake tributaries, , the Potomac, and Choptank Rivers (see map below).  In the Bay mainstem, we will collect plankton at historic-CBP monitoring stations and one additional (CB3.15*,) station in the upper Bay to fill in a spatial gap near the center of anadromous fish production.  In the Potomac River, we will sample historic-CBP stations and two additional (RET2.4*, TF2.4*) stations near the salt front, a location known to provide important spawning and nursery habitat for fishes.  We will sample 3 stations in the Choptank River including two historic-CBP stations and one additional station (ET5.15*).  To evaluate prey availability during the anadromous fish spawning season, we will increase the sampling frequency from monthly to biweekly in April and May for upper Bay stations. 

At each station, a CTD will be deployed to record hydrographic and water quality parameters.  Both 202uM and 500uM twin-ring 50cm diameter nets equipped with flow meters will be used to collect zooplankton and fish larvae at each station, respectively.  Sampling gear and mesh sizes were chosen to maintain consistency with earlier CBP zooplankton survey methodology and to expand the size range of primary organisms sampled to include both zooplankton and fish larvae.  Field collection methods and data collected will closely follow those outlined in the Maryland Chesapeake Bay mesozooplankton program standard operating procedures.  Samples will be preserved in buffered formalin for later identification and enumeration at NOAA-COL.  Sample preservation will allow for both immediate processing and archiving.  Information generated at each station will include mesozooplankton and fish larvae species-specific abundance, gelatinous zooplankton abundance, and mesozooplankton biovolume and aggregate dry weight.  
Map of NOAA-COL plankton monitoring survey stations including historic CBP stations and proposed (*) stations.  Ordered upstream to downstream, labeled symbols indicate station locations where plankton will be collected in the Chesapeake Bay mainstem (CB1.1, CB2.2, CB3.3C, CB3.15*, CB4.3C, CB5.2, CB6.1, WE4.2, CB7.4), the Potomac River (LE2.3, LE2.2, RET2.2, RET2.4*, TF2.4*), and Choptank River  (ET5.2, ET5.1, ET5.15*). 
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