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2024 Executive Summary 

An Ecological Monitoring Program (EMP) has been established at the Virginia Institute 

of Marine Science Eastern Shore Laboratory (VIMS ESL) for the coastal environment near the 

Wachapreague lab. The goals of the initiative are to 1) provide status and trends information to 

scientists who study and regulators who manage Virginiaôs marine resources, 2) provide a 

scientific context for short-term research and grant proposals 3) provide pedagogical enrichment 

for educators to use in their classes, and 4) build capacity in staff expertise and training of interns 

and students at VIMS ESL.   

The program formalizes and standardizes data collection for a long-term status and trends 

database as an asset of VIMS ESL in addition to our marine operations and shore support 

facilities. The EMP standard methods also provide visiting scientists and educators with 

protocols for consistent and comparable work and training. The EMP includes electronic water 

quality stations, oyster settlement and adult population dynamics, microbial biofilm growth, 

characterization of benthic communities in soft sediments and oyster reefs, sediment 

characteristics, and drone surveillance of salt marsh die back, Wachapreague Inlet dynamics and 

macroalgae distribution on mudflats.  While this document focuses on these core areas of our 

monitoring activities, results of other VIMS ESL research on shellfish aquaculture, bay scallop 

restoration, and shorter-term grant supported research projects are reported elsewhere.   

Highlights of the 2024 EMP follow. Requests for access to full data sets and potential 

collaborations should be addressed to the editors.  Real-time water quality data collection was 

enhanced with the addition of a third station in Burtonôs Bay near Wachapreague. Weekly 

biofilm growth on standardized plates provided a biological sensor for water quality, system 

level microbial productivity, and microbial diversity. Data on oyster settlement rates reflected the 

present and potential future condition of seaside oyster populations, combining historical records 

with ongoing assessment. In 2024, annual cumulative spat set as high as 6,287 oysters per m2 

was recorded. Overall, it was a relative low year for this settlement. Oyster population 

demographics in 2024 were similar to benchmarks established in 2018-2023, and continue to 

show a potentially increasing oyster population. The hard-substrate epi-benthic community was 

described based on data gathered from >5,700 individual organisms representing ~ 70 genera. 

We were able to continue to establish baselines in 2024 for highly mobile fauna based on 

>11,500 individuals representing >40 species collected in trawls and seines.   

The EMP has been supported by donations from Chuck and Janet Woods for operational 

expenses and an intern scholarship and other private donors to the VIMS ESL summer intern 

program. VIMS ESL summer interns are high school and undergraduate students receiving paid 

internships from the Bonnie Sue Scholarship Program. During 2024, 3 local college 

undergraduate and 2 local high school students participated in EMP research activities.   

The full report is available at the website: https://www.vims.edu/esl/research/emp/ 

https://www.vims.edu/esl/research/emp/
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Section 1:  Ecological Monitoring Program (EMP) at 

the Virginia Institute of Marine Science Eastern Shore 

Laboratory (VIMS ESL) 

 

Chapter 1. Context of the EMP 

 

Authors: PG Ross and Richard A Snyder 

Virginia Institute of Marine Science, Eastern Shore Laboratory, Wachapreague, VA 

The VIMS ESL mission is to serve as a field station and coastal seawater laboratory for basic 

marine science and aquaculture research, marine science education, outreach, and advisory 

service to the Commonwealth of Virginia, particularly with regard to marine resources and 

citizens of the Eastern Shore of Virginia. To implement this mission, VIMS ESL provides a 

platform for field and lab research, education, and advisory service activities by both resident 

and visiting researchers and educators from around the world.  

 

This monitoring program was designed to support the VIMS ESL mission in three ways:  

1. To provide an environmental context for researchers and educators who may only visit 

briefly, establishing a value-added backdrop in which to make greater sense of short-term 

research results and educational programing.  

2. Establish a record of long-term environmental data for tracking status and trends of this 

largely unspoiled coastal region. 

3. Engage interns and students in rigorous technical scientific training while they contribute 

to a larger long-term scientific program. 

 

We consider this mission support program to be as vital as the marine operations and onshore 

facilities support we provide for high quality marine education and research in a remote and 

undeveloped region of U.S. mid-Atlantic coastal marine habitat. 

Geographic Setting and Rationale 

The Eastern Shore of Virginia (ESVA) is the narrow southern end of the Delmarva 

Peninsula, averaging 10 miles wide and 85 miles long from Pocomoke Sound on bayside and 

Chincoteague Island on seaside to Fishermanôs Island National Wildlife Refuge at the mouth of 

the Chesapeake Bay. Its remote and rural setting features pristine natural barrier islands, bays, 

creeks and marshes along the Atlantic coast unfettered by human development and now 
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protected by the Nature Conservancy, the Commonwealth of Virginia, and the federal 

government. The region has been designated by the United Nations Education, Scientific, and 

Cultural Organization (UNESCO) as part of their Biosphere Reserve System, has National 

Natural Landmark status with the US Department of the Interior, and is part of the Western 

Hemisphere Shorebird Reserve Network. The Smithsonian Institution includes the seaside 

coastal habitats of the ESVA part of their Marine Geo global biodiversity network of sites. Data 

collected within the VIMS ESL program is available to the international Marine Geo network of 

reseaerchers. 

 

Short watersheds with limited freshwater make the bayside estuaries and seaside creeks and 

shallow coastal bays unique within the Chesapeake Bay region. Extensive marshes, oyster reefs, 

and seagrasses support natural and commercial seafood value of the regional marine resources. 

The region provides an excellent sentinel site to integrate broader anthropomorphic impacts and 

environmental change in a relatively undeveloped coastal environment. 

 

The VIMS ESL is in Wachapreague, VA, directly located on Wachapreague Channel, a 

location that is well situated to provide access and facilities support for research, education, and 

advisory service pertaining to these regional marine resources. Extensive aquaculture occurs in 

the region for oysters and hard clams. The hard clam industry on the ESVA is the largest 

producer of cultured hard clams in the nation, originating with Dr. Mike Castagna at the VIMS 

ESL for the research, development, and training in the 1960-1970s.  Excellent quality high 

salinity seawater and habitats adjacent to the laboratory, including leased bottom maintained 

specifically for research purposes provides the perfect setting for general marine research and 

aquaculture. The Seawater Laboratory provides access to raw and filtered seawater and custom 

setups for research and education, and the Castagna Shellfish Research Hatchery and nursery is 

dedicated to aquaculture research and shellfish restoration. 

The VIMS ESL, as a launch point for diverse research and education activities, is 

somewhat unique in providing sophiscated shore support and efficient marine operations; access 

to high quality, high salinity seawater in laboroatories; and access to a relatively pristine and 

complex barrier island/coastal lagoon system in the mid-Atlantic region. Consistent long-term 

records for environmental data were generally lacking for this outdoor laboratory. Water quality 

data, bathymetric maps, biotic assessments of local community associations to diversity trends 

are common absences in the science world focused on short-term funding and experimental 

maniupulative science. Sentinel, benchmark, and monitoring data are typically not funded by 

agencies supporting short duration project cycles, yet are important to understand the 

implications of experimental work in the context of larger spatial and temporal scale 

environmental processes. 

The need for such data is widely acknowledged, even if budget cycles and priorities make 

support difficult . Current sea-level rise, coastal change, and periodic disasters such as hurricanes 
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require records if we wish to track status and trends in the environment and marine resources. 

There are few examples of large-scale regional collaborative projects that endeavor to 

holistically develop benchmark and sentinel monitoring programs (e.g., Sentinel Monitoring for 

Climate Change in the Long Island Sound Estuarine and Coastal Ecosystems of New York and 

Connecticut 2011; Smithsonian Institution Marine Geo program).  

A lack of high resolution multiparameter water quality data in support of research and 

education was addressed in 2016 with the creation of continuously monitored stations in 

Wachapreague Channel at VIMS ESL and another station established in October 2018 in Willis 

Wharf (Parting Creek). A third station was established in 2024 in Burtonôs Bay near Cedar 

Island. Data from these stations are accessible in near-real time (~15-minute increments) online 

(see Chapter 2 for details), and archived records are provided on request. They have been 

extremely useful to researchers and educators in the ESL-Seawater Lab for background to 

ongoing field research in the Wachapreague vicinity, and have been invaluable to the aquaculture 

industry hatcheries in Willis Wharf. 

Specific objectives for the ESL-EMP  

1. Collect spatial and temporal data that provide environmental characterizations: The EMP 

dataset and reports will provide visitors with the background and context for education 

activities and focused research proposals and funded projects. This is a value-added asset 

in support of education and research conducted at VIMS ESL.  

2. Establish status and trends for coastal environmental change analysis:  A lack of baseline 

and continuing environmental data hampers analysis of change and management of 

marine resources in the dynamic coastal ecosystems. VIMS ESL is uniquely situated to 

access unspoiled coastal marine habitats that integrate regional and global environmental 

impacts, and thus provides access and an excellent outdoor laboratory and sentinel site 

for broader environmental trajectories.  

3. Support aquaculture industry and commercial and recreational fishing communities: 

Documenting episodic events and elucidating real long-term trends can help inform local 

decision making by private enterprise and government regulators, enhancing resilience of 

this important economic sector. 

4. Support student research and education: 

a. Provide research opportunities for the Batten School of Marine Science at VIMS 

and William and Mary students. The VIMS-ESL has dedicated endowment funds 

to support student research and education. This program will provide training and 

tasks that get students involved with contributing to a larger scale scientific 

endeavor. The program also provides contextual background data allowing data 
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mining opportunities and background for undergraduate and graduate research 

projects. 

b. Provide research opportunities for interns. ESL has an ongoing summer 

internship program supported by donors to the Bonnie Sue Scholarship Program. 

The interns are provided summer employment and research experiences with ESL 

staff and visiting scientists. Projects and tasks within the EMP provide a wide 

range of training and experiences to assist interns in developing their careers.  

c. Enhance ESL education programs. The EMP supports educational field trips/lab 

experiences with a quantitative data gathering/sharing experience for visiting 

groups, who can both add to the data and use the multi-year data for instructional 

purposes.  

5. Facilitate capacity building: 

a. Maintain/develop staff expertise. Over the last several decades the ESL has 

developed a reputation for its benthic ecology work, identifying and quantifying 

community assemblages. The ongoing EMP facilitates maintaining and 

developing standardized procedures and equipment, staff skills, and taxonomic 

expertise in this area in support of collaborations, visiting researchers, and grant 

proposals. 

b. Attract new users. The EMP provides a complimentary asset to the marine 

operations and shore facilities provided by VIMS ESL, a value-added enrichment 

for scientists seeking platforms for grant funded research and educators seeking to 

provide opportunities for students to explore new environments.  

c. Providing data for future funding/research. The environmental characterization 

provided by the EMP program has already been used by researchers seeking grant 

funding to work at ESL. The opportunity to conduct research within the context of 

a broader understanding of the regional environment makes proposals seeking 

precious grant funding more competitive. 
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Chapter 2. Ecological Monitoring Program Overview-2024 

Authors: PG Ross and Richard A Snyder 

Virginia Institute of Marine Science, Eastern Shore Laboratory, Wachapreague, VA 

Metrics 

The EMP framework was designed to document the status and trends of environmental 

and ecological processes near the Eastern Shore Laboratory. Table 2-1 provides a list of data 

collected during 2018-2024. Details of specific data collection methods and locations can be 

found in the respective chapters. Sampling the nekton community was added 2021 and continued 

therafter with an additional season added beginning in 2023. 

The overall strategy was based on accumulated experience and observations of ESL staff 

during work on many different research projects. A stratified scheme of three geographic areas 

with different features was established (Fig. 2-1):  Bradford Bay (shallow, diffuse tidal currents, 

adjacent to uplands); a portion of Burtonôs Bay (shallow, oyster reefs, tidal currents) and the 

Wachapreague Inlet vicinity (high energy, offshore weather impacts, deep channels, tidal 

currents). The following metrics were sampled within this geographic matrix: 

¶ Oyster settlement  

¶ Biofilm growth  

¶ Benthic community:  soft sediments (intertidal, shallow subtidal and channel edge) 

¶ Epi-benthic community:  hard substrate (intertidal and subtidal) 

¶ Nekton community:  mobile macrofauna 

¶ Sediment mapping (intertidal, shallow subtidal and channel edge)  

Other metrics have either logistical constraints (e.g. water quality stations) or are very 

specific to certain locations (e.g. mapping and education-related efforts) and are not, therefore, 

designed with the geographic stratification: 

¶ Water quality 

¶ Finney Creek marsh dieback mapping 

¶ Wachapreague Inlet and marsh island mapping 

¶ Macroalgal mapping 

10-Year Plan 

It is our intention that the EMP be a long-term dataset. To initiate the effort, we have 

developed a 10-year plan for collecting various metrics (Table 2-1). The potential for rates of 

change in the individual metrics was used to space effort temporally. The plan is subject to 

annual adjustment based on data results, funding, needs of visiting researchers and educators, 

and demands of other projects on staff and resources.  
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Dissemination of Data 

Data summaries and raw data will be made available to visiting researchers, students and 

the general public upon specific requests. The EMP program has been used in several grant 

proposals by VIMS and outside research scientists, adding a contextual backdrop and broader 

impacts to specific research plans. The results of the EMP have also been made available through 

the following venues: 

¶ VIMS ESL EMP Annual Report (this document):  Annual report of EMP progress and 

results. This and previous reports are archived in William & Maryôs ScholarWorks. 

Cumulative usage data, by report year, is provided from this repository: 

Usage 2018-2019 

Report 

2020 

Report 

2021 

Report 

2022 

Report 

2023 

Report 

Abstract views 248 166 191 155 183 

Download Count 214 176 191 193 213 

 

¶ Marine Life Day Display: Public open-house held on the third Saturday of September 

each year. Updated data for biodiversity and environmental conditions, analysis of status 

and trends for seaside ESVA. 

¶ VIMS ESL dedicated webpage: The lab website has links to downloadable reports and 

other products from this effort: https://www.vims.edu/esl/research/emp/index.php. 

¶ VIMS ESL Facebook page: Ongoing analysis of results of interest to regional science and 

aquaculture, such as the weekly oyster spat set results, unique or unusual events: 

https://www.facebook.com/VIMSESL 

¶ Peer-reviewed publications will be submitted in appropriate journal outlets and 

presentations of data will be made at professional meetings, especially as data are 

accumulated sufficiently to identify trends. The following either focused on EMP data or 

utilized parts of the various datasets it contains: 

o Brahmey, E.I., K.J. McGlathery, and S.C. Doney, Quantifying seasonal to multi-

decadal signals in coastal water quality using high- and low-frequency time series 

data, Cambridge Prisms: Coastal Futures, 2, e8, 

https://doi.org/10.1017/cft.2024.6   

o Poster presentation at a conference:  

Ross PG, SA Krueger-Hadfield, DM Kelley, RA Snyder ñThe Mid-Atlantic Coastal 

Marine Ecological Monitoring Program at VIMS Eastern Shore Laboratoryò 

Phycological Society of America, Seattle, WA, July 2024 

o Oral presentation at a conference:  

Krueger-Hadfield SA, AP Oetterer, DM Kelley, WH Ryan ñAs the mudflat turns: the 

phenology of fixed and free-living Gracilaria vermiculophylla thalli along the 

https://www.vims.edu/esl/research/emp/index.php
https://www.facebook.com/VIMSESL
https://doi.org/10.1017/cft.2024.6
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Delmarva Peninsulaò Phycological Society of America, Seattle, WA July 

2024 

 

o Invited seminar:  

Krueger-Hadfield SA ñAt the convergence of life cycles and reproductive systems: 

insights into the evolution of sexò Marine and Environmental Biology 

Section, The University of Southern California, Los Angeles, CA (February 

2024) **Graduate student invited seminar speaker 

o Invited symposium talk at a workshop/Conference:  

Krueger-Hadfield SA ñAt the convergence of life cycles and reproductive systems: 

insights into the evolution of sexò Algae and the Environment Workshop at 

PEREC, George Mason University, VA June 2024 (oral) 

Krueger-Hadfield SA ñThe role of natural history in understanding coastal resilienceò 

Atlantic Coastal Resilience Workshop ï Ecosystem Health, Johns Hopkins 

Advanced Physics Laboratory, MD, May 2024 (oral) 

¶ EMP data is an integral part of the following projects: 

McDowell, J, T. Tuckey, M. Fabrizio, R. Snyder, and H, Bi.  2024. Combining 

environmental DNA (eDNA) and adaptive resolution imaging sonar (ARIS) to assess 

restoration -mediated changes in habitat use by fishes. VIMS Internal Seed Funding. 

Patrick, C., R. Snyder, M. Fabrizio, J. McDowell, R. Latour, B. Lusk, and H. Bi.  2023-2027. 

A whole system restoration of seagrass, bay scallops, and associated ecosystem functions in 

the coastal lagoons of Virginia's northern Eastern Shore. VA Coastal Zone Management 

Program, NOAA. 

Krueger-Hadfield, S.A. 2022-2027. CAREER: At the convergence of life cycles and 

reproductive systems: insights into eukaryotic diversity (DEB-2436117). National Science 

Foundation Division of Environmental Biology Evolutionary Processes ï Faculty Early 

Career Development Program. 

Krueger-Hadfield, S.A. 2024-2025. Environment, epibiota, and evolution of complex life 

cycles. W&M Seed Funding Research Grant.  

Student Involvement 

Students from the institutions below participated in the 2024 EMP during May-August as 

part of the ESL summer internship program.  

¶ Virginia Tech 
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¶ James Madison Universtiy 

¶ Homeschool in Accomack County 

¶ Northampton High School 

 

Funding Gratefully Acknowledged 

The Bonnie Sue Internship Program supported summer student interns that assisted with 

the project. A donation by Janet and Chuck Woods has provided an intern salary and operating 

expenses for the project for multiple years. 

 

Table 2-1. VIMS ESL Ecological Monitoring Program 10-year sampling plan. 

 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10

Water Quality: Fixed Sensor X X X X X X X X X X

Water Quality: Data Flow X X X X X X X X

Biofilms Biofilm Community X X X X X X X X X X

Oyster Settlement X X X X X X X X X X

Oyster Demographics X X X X X X X X X X

Oyster Biometrics X X X X

Hard Clam Settlement Test Test X X

Clam Demographics (dredging) Test Test X

Benthic Soft Sediment X X X X Partial X X X

Epi-benthic Hard Substrate 

(Intertidal)
X X X X X X X

Epi-benthic Hard Substrate 

(Subtidal)
X X X X X X

Nekton Community X X X X X X X

Wachapreague Inlet Shoreline X Partial X X VBMP

Finney Creek Marsh Dieback X X X X

Sediment Characterization X X X X X

Macroalgal mapping X X X X X X X X X

Clam 

Population

Faunal 

Community 

Structure

Component

Water 

Quality

Oyster 

Population

Mapping 

Coastal 

Change

On hold until we see 

obvious changes
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Figure 2-1 Three geographic regions of the ESL-EMP with current sampling locations:  

Bradford Bay, a portion of Burtonôs Bay, and the Wachapreague Inlet vicinity. Additional 

samples were taken on the ocean side of Cedar and Parramore Islands in 2022-2024 (See Chapter 

14).
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Section 2:  Physical, Chemical & Geological Context 

Chapter 3.  Water Quality: Continuous Fixed Stations 

Author: Darian Kelley 

Virginia Institute of Marine Science, Eastern Shore Laboratory, Wachapreague, VA 

10-year sampling plan: 

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 
Complete Complete Complete Complete Complete Complete Complete Planned Planned Planned 

 

Introduction  

The VIMS Eastern Shore Laboratory (ESL) has established continuously recording, 

fixed-sensor water quality monitoring stations using multiparameter sondes to provide real-time 

and archived data on the seaside of the Eastern Shore of Virginia. Continuous monitoring 

stations have been established at the following locations:  

¶ Wachapreague (37°36'27.6912'' N 75°41'8.9124'' W) RA Snyder VIMS startup funds 

¶ Willis Wharf (37°30'43.0806'' N 75°48'22.1934'' W) Steve and Barbara Johnsen donation 

¶ Burtonôs Bay (37Á36'50.8896''N 75°38'13.434''W) Virginia CZM Program, NOAA, and TNC 

 Multiparameter sondes are also deployed intermittently at field sites to monitor for 

specific research projects. One common field site is the VIMS shellfish lease, an area often 

utilized for studies involving oysters and other ecological monitoring along Custis Channel, in 

the southeastern portion of Burtonôs Bay (37Á36'58.77'' N 75Á39'50.50'' W). Live data (15-minute 

intervals) from the Wachapreague, Willis Wharf, and Burtonôs Bay stations can be found at 

www.vims.edu/esl/research/water_quality/. Archived data from continuous stations and remote 

deployments are available upon request (contact Darian Kelley at dkelley@vims.edu).  

Data collected from these stations can be used to identify and monitor short-term 

variability and long-term changes in coastal watersheds and estuarine ecosystems. These water 

quality datasets can be analyzed with other ecological monitoring data to elucidate how naturally 

occurring fluctuations and unique water quality events, correlate and impact marine ecosystems. 

Additionally, individual researchers and educators utilizing ESL facilities can access real-time 

and archived data for the period of their work, or longer-term records if needed for broader 

context. Requests for these data have come from researchers working at local, national, and 

global scales for research context, grant proposals, and assessing global changes. These water 

quality records can also be utilized to inform coastal zone management decisions by the 

Commonwealth of Virginia. 

http://www.vims.edu/esl/research/water_quality/
mailto:dkelley@vims.edu
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ESLôs water quality initiative establishes long-term datasets for researchers, educators, 

and resource managers, but also supports local fishermen and aquaculture operations. As the 

largest hard clam aquaculture production in the country, the Eastern Shore of Virginiaôs 

multimillion-dollar commercial shellfish industry is important both economically and 

environmentally. ESL is supporting this industry by maintaining a station in Parting Creek 

(Willis Wharf, VA), home to three major hatchery operations. Real-time and archived data are 

used by local aquaculture operations to better understand and/or predict how significant events 

may relate to production, growth, and field grow out performance of their products. Commercial 

and recreational fishermen can also monitor water conditions affecting their target speciesô 

movements.  

In this chapter, the primary objectives are to: 1) display summary tables and figures of 

water quality parameters observed in 2024, 2) discuss notable events, trends, or changes, 3) 

provide examples of how ESL monitoring data can be utilized for research, aquaculture, and 

ecosystem monitoring, and 4) indicate additional sources of local and regional environmental 

context that may be associated with water quality.  

Study Area & Methods 

The Wachapreague station, installed in March 2016, was chosen to support research and 

education activities that occur at VIMS Eastern Shore Lab and in the regional environment. This 

station is positioned off the Seawater Laboratory (SWL) pumphouse pier in the Wachapreague 

Channel. Funding for the Wachapreague monitoring station was provided by Dr. Richard 

Snyder, Professor and Director of VIMS ESL, utilizing VIMS startup funds. The Willis Wharf 

station, installed in October 2018, was selected to provide support for nearby commercial 

shellfish hatcheries utilizing water in and around Parting Creek (a western branch of the 

Machipongo River). The Willis Wharf monitoring station was established with funding from a 

private donation (Steve and Barbara Johnsen), and site support from Cherrystone Aquafarms. 

Both the Wachapreague and Willis Wharf water quality stations are land-based monitoring 

systems that are connected to a floating pump. Intake depth for both stations is consistently ~20ôô 

below the surface, regardless of tidal height. For these systems, surface water is pumped into a 

flow cell chamber, where the water sample is analyzed. This type of setup allows water to drain 

out of the flow cell between sample periods, decreasing biofouling and extending time between 

routine cleaning and maintenance of sensors and equipment. This sampling method has been 

verified by comparison with an in situ submerged sonde reporting the same measurements. 

The Burtonôs Bay station was established to support seagrass and bay scallop restoration 

efforts in 2023 with grant funding provided by Virginia Coastal Zone Management (Virginia 

CZM) Program, the National Oceanic Atmospheric Administration (NOAA), and The Nature 

Conservancy (TNC). Burtonôs Bay is an open shallow coastal bay northeast of Wachapreague, 

sheltered behind by Cedar Island. Burtonôs Bay is commonly used recreationally for fishing and 

boating, in addition to commercial aquaculture and fishing operations relating to oysters, crabs, 
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and finfish. The Burtonôs Bay station is a remote water quality monitoring station submerged at a 

fixed depth, mounted ~1.5 ft from the bottom (actual depth dependent on tidal height). Data 

collected by the Burtonôs Bay station is collected in situ. To decrease biofouling of the sensors at 

the Burtonôs Bay station, a ProbeGuard device is utilized (https://gescience.com/probe-guard/). 

Both types of sampling methods (surface/floating vs. fixed depth/submerged) will provide 

comprehensive estimates of seaside water column conditions. System control and reporting of 

live telemetry for the Wachapreague, Willis Wharf, and Burtonôs Bay stations was developed by 

Green Eyes LLC (Easton, MD).  

Maintenance schedules vary depending on season and site location and are dependent on 

frequency and type of biofouling. The land-based Wachapreague and Willis Wharf stations are 

dual line systems that require weekly line changes to switch pump intakes. This consists of the 

removing and cleaning of one pump while another remains in service, minimizing biofouling of 

both the water lines and pump intakes. Since the pump intake is the only portion of the land-

based systems that is constantly exposed to the marine environment, flow cell and sensor 

maintenance are minimal. Light cleaning of the flow cell chamber occurs once or twice a month. 

The ProbeGuard device is advertised to minimize maintenance visits to a remote station for up to 

3 months; however, the Burtonôs Bay station is visited by boat ~once a month to monitor 

equipment fouling and status. Field deployed sondes typically require complete equipment 

recovery for cleaning and data retrieval biweekly in the warm summer/fall months when 

biofouling is high, and monthly in the cooler spring/winter months when biofouling is less 

prevalent. To minimize gaps in the datasets, deployed equipment is immediately swapped with 

clean, calibrated equipment for maintenance of retrieved sondes.  

Data for eight water quality parameters is collected at all ESL monitoring sites (Table 3-

1). Water temperature, salinity, specific conductance, pH, dissolved oxygen, turbidity, 

chlorophyll-a, and blue green algae phycoerythrin (BGA-PE) levels are measured at 15-minute 

intervals using YSI EXO2 Multiparameter Sondes. Dissolved oxygen, turbidity, chlorophyll, and 

BGA-PE readings are determined using optical sensors that use specific wavelengths of light to 

estimate parameter measurements. Detailed sonde and sensor information can be found in the 

YSI EXO User Manual (https://www.ysi.com/File%20Library/Documents/Manuals/EXO-User-

Manual-Web.pdf). Sondes are calibrated in the lab using KOR Software and calibration solutions 

provided by YSI. EXO2 Sonde sensors are capable of holding accurate calibrations for up to 90 

days with the assistance of an antifouling wiper. The central wiper cleans the sensor tips before 

each reading to provide accurate measurements and prevent sensor biofouling.  

 Quality control and data management is critical for data integrity. Suspicious spikes or 

outliers within a dataset are most frequently caused by marine objects (i.e. macroalgae, 

particulate matter, small fish, crabs, etc.) interfering with optical sensor readings. Microsoft 

Excel is used to exclude questionable data during ESLôs quality control process. Raw data is 

used to calculate yearly statistics for each parameter. Parameter standard deviation is used to 

estimate normal variation and detect questionable readings by comparing a single measurement 

https://gescience.com/probe-guard/
https://www.ysi.com/File%20Library/Documents/Manuals/EXO-User-Manual-Web.pdf
https://www.ysi.com/File%20Library/Documents/Manuals/EXO-User-Manual-Web.pdf
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with the measurement immediately preceding it. If the datapoint is more than ±1 standard 

deviation away from the preceding datapoint, the datapoint is excluded from the dataset. 

Parameter values <0 are also excluded.  If minimum and maximum values are outside of the 

typical data range or visual outliers remain present, parameters are subjected to additional 

filtering and manual review. Optical sensors are more susceptible to noise and false readings and 

may be subjected to multiple rounds of filtering during the QAQC process. 

Wachapreague Channel water quality data can be correlated with tidal cycles by using the 

National Oceanic and Atmospheric Administrationôs (NOAA) National Data Buoy Center 

website (https://www.ndbc.noaa.gov/station_page.php?station=wahv2). NOAAôs Station 

WAHV2 is co-located with ESLôs Wachapreague water quality station and monitors water level, 

wind direction, wind speed, gusts, atmospheric pressure, and air and water temperature. NOAA 

has maintained this monitoring station at ESL since 2005. Coastal flooding and storm surge 

predictions, monitoring, and historic records for Wachapreague are also available through 

NOAA (https://water.noaa.gov/gauges/wahv2). 

Weather and rainfall data relative to ESL water quality monitoring stations is also 

available through multiple organizations. Total rainfall is recorded weekly at ESL, and regional 

daily records are reported via the Community Collaborative Rain, Hail, & Snow Network 

(CoCoRaHS Network; https://cocorahs.org/viewdata/rainydaysreport.aspx). Regional weather 

archives are also accessible from the NOAA National Weather Service 

(https://www.weather.gov/akq/) and the Eastern Shore Agricultural Research and Extension 

Center (ES AREC; Virginia Tech) in Painter, VA (https://www.arec.vaes.vt.edu/arec/eastern-

shore/Weather_Data.html).  

2024 Results & Discussion 

Continuous water quality data was collected at Wachapreague, Willis Wharf, and 

Burtonôs Bay during 2024. Minimums, maximums, and averages for temperature, salinity, pH, 

dissolved oxygen, turbidity, chlorophyll, and blue green algae are summarized in Table 3-2 

(Wachapreague), Table 3-3 (Willis Wharf), and Table 3-4 (Burtonôs Bay).  

Continuous measurements allow analyses of seasonal and tidal patterns. Figs 3-2 through 

3-8 display the 2024 data for Wachapreague, Willis Wharf, and Burtonôs Bay by parameter. 

Seasonal trends, such as warmer water temperatures and lower dissolved oxygen levels in the 

summer/fall, and cooler water temperatures and higher dissolved oxygen levels in the 

winter/spring, are recognizable (Figs. 3-2 & 3-5). Episodic events, such as the distinct salinity 

troughs from rainfall are observed across all stations (Fig. 3-3). Monitoring at multiple locations 

provides insight as to whether episodic events are widespread due to season, tidal cycle, weather 

events, etc., or the result of a site-specific variable/occurrence. For example, ground water flow 

into Parting Creek is often a more significant factor than it is for Wachapreague Channel (Ross 

& Snyder 2022; see Chapter 3).  

https://www.ndbc.noaa.gov/station_page.php?station=wahv2
https://water.noaa.gov/gauges/wahv2
https://cocorahs.org/viewdata/rainydaysreport.aspx
https://www.weather.gov/akq/
https://www.arec.vaes.vt.edu/arec/eastern-shore/Weather_Data.html
https://www.arec.vaes.vt.edu/arec/eastern-shore/Weather_Data.html
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Parameter ranges and seasonal variation were similar between the surface level (floating) 

and fixed depth (submerged) readings, except for salinity. Influenced heavily by rainfall, the 

surface readings (Wachapreague and Willis Wharf) display more dramatic salinity depressions 

than the salinity submerged at a fixed depth (Burtonôs Bay; Fig. 3-3). Proximity to the upland 

sources of fresh water also impact Wachapreague and Willis Wharf more than Burtonôs Bay. 

Because of this, the range of salinity at the Burtonôs Bay station is noticeably smaller (24.97-

33.08 psu) than the salinity range captured in Wachapreague (11.04-34.05 psu) and Willis Wharf 

(13.34-33.41 psu). The lowest salinity values captured at all 3 stations correspond with two 

spring rainfall events, where the average precipitation reported in Accomack County by the 

CoCoRaHS Network, was 1.19ôô on March 5 and 1.98ôô on March 7. These two rainfall events 

resulted in the third lowest salinity depression at the Wachapreague station since 2016, and the 

second lowest salinity depression recorded in Willis Wharf since 2018.  

Monitoring basic water quality parameters for seaside ESVA provides a status and trends 

dataset not only for the measured parameters, but also as context for research activities and 

commercial aquaculture. Often times, water quality data for shorter, specific time periods are 

useful for aquaculture operations to avoid salinity depressions, pH variations, or excess turbidity, 

or for researchers actively conducting studies or experiments.  With a 1.5-meter tidal amplitude, 

water quality measurements on seaside ESVA are strongly affected by tidal flow. Relatively fast 

dissipation of salinity depressions and tide and turbidity correlations are discussed in the 2018-

2019 EMP report (Ross & Snyder 2020; see Chapter 2-1). Observations such as these can be 

used by researchers and local hatcheries to effectively manage water quality concerns to 

minimize time and supply cost.  

ESL monitoring data is also utilized by local aquaculture operations to identify and/or 

correlate notable events in production, growth, performance, and survival in relation to water 

conditions. Continuous monitoring data can be compared with significant events or trends in 

multiple stages of commercial aquaculture including hatchery, nursery, and grow out events. By 

maintaining comparable stations at both Willis Wharf and Wachapreague, VIMS ESL has been 

able to assess site-specific dynamics affecting hatchery production. Comparisons have been 

utilized between specific months during different years, and during the same days between 

stations to analyze local hatchery events. ESL water quality data has also been utilized in ESLôs 

shellfish nursery to compare growth of genetic lines between years and to observe differences 

between grow out locations. Monthly water quality files are provided to two local commercial 

shellfish hatcheries, in addition to the real-time data provided through ESLôs webpage. 

ESL water quality monitoring data has proved to be a useful tool in providing 

background information and baseline data about tidal and seasonal fluctuations, and yearly 

comparisons and trends for multiple researchers and organizations. ESL monitoring data has 

been requested for understanding ranges and extremes of temperature, salinity, pH, and dissolved 

oxygen that local organisms are experiencing during years, seasons, tidal cycles, and leading up 

to, during, or after unique events. Background data has been requested to understand what/if 
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environmental factors relate to: patterns in fish dynamics in restored seagrass, microsite variation 

of sea anemones, and boring sponge and mud blister worm infestation in oysters. Total numbers 

of ESL water quality requests and requesting organizations are summarized in Table 3-5. 

ESLôs continuous monitoring stations are displayed on 2 regional interactive maps used 

to consolidate and catalog water quality monitoring efforts. The A Estuarine and Coastal 

Observing System (VECOS; http://vecos.vims.edu/Default.aspx), provided by the Chesapeake 

Bay National Estuarine Research Reserve ï Virginia (CBNERR-VA), displays water quality and 

meteorological data available in Virginiaôs portion of the Chesapeake Bay and its associated 

tributaries. The Mid-Atlantic Ocean Data Portal (https://portal.midatlanticocean.org/), provided 

by the Mid-Atlantic Regional Council on the Ocean (MARCO), is an interactive mapping 

platform used by state and federal agencies, fishery management councils, industry, and 

community leaders to visualize ocean resources and improve ocean health in New York, New 

Jersey, Delaware, Maryland, and Virginia.  

 Water quality data from Wachapreague, Willis Wharf, and Burtonôs Bay will continue to 

be collected to provide snapshots and monitor long-term trends as part of the EMP. Because 

distribution of marine plants and animals is often impacted by water quality, these records can be 

examined alongside other data collected through the EMP and provide an environmental context 

for future research, adding value to research funds brought to ESL for both resident and visitor 

research activities. Once long-term records are established, these data can be used to define 

trends in species richness, population abundance, and local distribution with specific water 

quality events, patterns, or changes overtime.  

 

Comparison to Previous Years 

Combining multiple years of monitoring allows data to be visualized and compared for 

identifying trends, changes, or episodic events. Seasonal trends, reported in the Results and 

Discussion section above, are consistently visible across the multi-year datasets. Yearly 

minimums and maximums for the recorded parameters are also similar (Figs. 3-2 through 3-8). 

Salinity variations between years commonly correspond with weather events. Notable 

differences in salinity correlate with differences in precipitation reported by the CoCoRaHS 

Network.  

ESLôs monitoring data was utilized in a study by Brahmey et al. (2024) to identify 

seasonal and multi-decadal trends within high- and low- frequency time series data. For this 

study, 4-6 years of ESLôs water quality data (ñhigh-frequencyò) was examined alongside 20-30 

years of manual quarterly sampling by VCR LTER (ñlow-frequencyò). Harmonic analysis 

estimated an average of 10-23 years of quarterly water quality samples are needed to quantify the 

climatological seasonal cycle for temperature, salinity, dissolved oxygen, and chlorophyll-a 

identifiable in statistical sub-sampling of ESLôs high-frequency monitoring data (Brahmey et al., 

http://vecos.vims.edu/Default.aspx
https://portal.midatlanticocean.org/
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2024). The study highlights the value of high-frequency water quality monitoring data to identify 

trends or assess changes overtime.  

As we accumulate more years of water quality data, multi-year datasets can be used to 

establish ranges and visualize how current data compares to historical data, such as the historical 

water temperature comparison in the 2023 EMP Report (Ross & Snyder 2024; see Chapter 16). 

The addition of the Burtonôs Bay station will enhance our understanding of local environmental 

conditions and contribute to a comprehensive picture of seaside water quality conditions on the 

Eastern Shore. Continuous water quality monitoring will also help us visualize connections and 

draw inferences with the EMP species data. Identifying seasonality and variations in water 

quality parameters between years can assist in explaining fluctuations in species richness, 

abundance, and distribution overtime. We plan to track these trends not only for spatial 

comparisons between sites, but to identify temporal long-term changes for each site individually, 

and for the seaside coastal environment.  
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Table 3-1. Description of eight water quality parameters measured at ESLôs water quality 

stations using YSI EXO2 Multiparameter Sondes. 

 

 

  

Parameter Unit  Description 

Temperature °C Measurement of the intensity of heat in the surrounding water 

Specific 

Conductance 
ms/cm 

Measurement of how well water can conduct an electrical 

current 

Salinity psu Measurement of all salts dissolved in a water sample 

pH - 
Numeric scale used to specify how acidic or basic (alkaline) a 

sample is 

Optical 

Dissolved 

Oxygen 

mg/L 
Measurement of the amount of oxygen that is present in the 

water. 

% 

saturation 

Percentage of dissolved oxygen concentration relative to when 

water is completely saturated 

Turbidity NTU Measurement of the cloudiness or haziness of the water sample 

Chlorophyll ug/L Measurement of chlorophyll a. 

Blue Green 

Algae 
ug/L 

Measurement of the phycoerythrin accessory pigment found in 

blue-green algae (cyanobacteria).  
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Table 3-2. Summary water quality data for the Wachapreague 

station at ESL during 2024. 

Location: Wachapreague (ESL)  

Time period: Jan-Dec 2024   

Collection type: Surface 
  

  Min  Max Avg SD 

Temperature (°C) 0.75 32.95 17.87 7.70 

Salinity (psu) 11.04 34.05 29.26 2.12 

pH 7.29 8.22 7.82 0.18 

Dissolved Oxygen (mg/L) 1.79 11.91 7.35 1.97 

Turbidity (NTU) 2.12 126.13 16.26 11.84 

Chlorophyll (mg/L) 0.26 34.52 4.11 3.55 

Blue Green Algae (mg/L) 0.27 86.38 9.45 8.93 

 

Table 3-3. Summary water quality data for the Willis Wharf station 

in Parting Creek during 2024. 

Location: Willis Wharf   

Time period: Jan-Dec 2024   

Collection type: Surface 
  

 Min  Max Avg SD 

Temperature (°C) 0.14 32.26 17.77 8.06 

Salinity (psu) 13.34 33.41 28.45 3.09 

pH 7.27 8.07 7.74 0.16 

Dissolved Oxygen (mg/L) 2.75 12.29 7.51 1.96 

Turbidity (NTU) 2.44 113.03 15.55 9.76 

Chlorophyll (mg/L) 0.21 46.99 4.36 3.79 

Blue Green Algae (mg/L) 0.45 89.90 10.41 6.74 
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Table 3-4. Summary water quality data for the Burtonôs Bay 

station behind Cedar Island during 2024. 

Location: Burtonôs Bay 
 

Time period: Jan-Dec 2024   

Collection type: Fixed depth 
  

 Min  Max Avg SD 

Temperature (°C) 0.03 31.64 15.47 7.09 

Salinity (psu) 24.97 33.08 30.53 1.04 

pH 7.51 8.31 7.98 0.14 

Dissolved Oxygen (mg/L) 4.31 12.33 8.23 1.64 

Turbidity (NTU) 1.17 115.41 16.59 12.97 

Chlorophyll (mg/L) 0.01 30.94 5.41 3.11 

Blue Green Algae (mg/L) 0.01 73.25 12.27 8.15 
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Table 3-5. Summary of requests for ESL water quality data from 2016 to present. 

Organizations that received monthly data files were considered 1 request per year. 

*The Willis Wharf station was installed October 2018. 

**The Burtonôs Bay station was installed November 2023.  

 

Year 
Total number of 

requests 

Number of 

different 

organizations 

2016 2 1 

2017 5 2 

2018*  6 4 

2019 12 8 

2020 10 8 

2021 15 7 

2022 13 7 

2023**  7 5 

2024 19 9 

Total 89 21 

Average Per Year 10 6 
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Fig. 3-1 Location of ESLôs continuous water quality monitoring stations on the seaside of the 

Eastern Shore of Virginia. 
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A) Wachapreague Station (2018-2024)  

 

B) Willis Wharf Station (2018-2024) 

 

C) Burtonôs Bay Station (2023-2024)  

 

Fig. 3-2 Water temperature (ÁC) for the A) Wachapreague B) Willis Wharf C) Burtonôs Bay 

water quality stations during 2024 (black) and all previous years collected (grey). 
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A) Wachapreague Station (2018-2024) 

 

B) Willis Wharf Station (2018-2024) 

 

C) Burtonôs Bay Station (2023-2024)  

 

Fig. 3-3 Salinity (psu) for the A) Wachapreague B) Willis Wharf and C) Burtonôs Bay water 

quality stations during 2024 (black) and all previous years collected (grey). 
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A) Wachapreague Station (2018-2024) 

 

B) Willis Wharf Station (2018-2024) 

 

C) Burtonôs Bay Station (2023-2024)  

 

Fig. 3-4 Water pH (0-14 scale) for the A) Wachapreague B) Willis Wharf and C) Burtonôs Bay 

water quality stations during 2024 (black) and all previous years collected (grey). 
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