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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
Wachapreagukab. The goals of the initiative are to 1) providatus and trendaformation to
scientistavho studyand regulatorssho manag®/ i r gi ni ads mari ne resour CEe€
scientific contexfor shorttermresearctand grant proposals 3) provigedagogial enrichment
for educatorgo use intheir 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 adomgstatus and trends
database as an aseé¥VIMS ESL in addition taour marine operations and shore support
facilities. The EMP standard methods also provide visiting scientisis educatoraith
protocols for consistent and comparable wamkl training The EMP includes electronic water
guality 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 Waaktepreague Inlet ghamicsand
macroalgae distribution on mudflat8vhile this document focuses on these core areas of our
monitoring activities, results of other VIMS ESL reseavalshellfishaquaculture, bay scallop
restoration, andhortertermgrant supported researplojects are reported elsewhere

Highlights of the 2024 EMP follonRequests for access to full data sets and potential
collaborations should be addressed to the ediResittime water quality dateollection was
enhanced with the addition ofathsdt at i on i n Burtond¥eeBywy near W
biofilm growth on standardized plates proddebiological sensor for water qualigystem
level microbialproductivity, and microbial diversityDataon oyster settlement ratesfleciedthe
present and potential futucendition of seaside oyster populations, combining historical records
with ongoing assessmein. 2024, annual cumulativepat set as high &287oystersper nf
was recordedOverall, it wasa relative low year for this setthent Oyster population
demographicén 2024 were similar to benchmarlestablishedn 20182023, and continue to
show a potentially increasing oyster populatibhehardsubstrate epbenthic communiyt was
described based on data gathered fréy780individual organisms representing’6 genera
We were able taontinue toestablish baselines 2024 for highly mobilefaunabased on
>11,90individuals representing40 speciesollected 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 studentagquaaiVi
internships from the Bonnie Sue Scholarship ProgBuming 2024, 3 local college
undergraduatand?2 local high schoostudents participatead EMP research activities.

The full report is available at tiveebsite:https://www.vims.edu/esl/research/emp/
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Chapter 1. Context of the EMP

Authors PG RossaindRichardA Snyder

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

The VIMS ESL missions toserne as a field station and coastal seawater labor&tofyasic
marine science and aquacultuesearch, marine science education, outreach, and advisory
service to the Commonwealtt Virginia, particularly with regard to marine resoureesl
citizensof the Eastern Shore of Virgini@lo implement this mission, VIMS ESL provides a
platform forfield and lalresearch, education, and advisory service activities byrbsitient
andvisiting researchers and educatfsymsn around the world

This monitoring program was designed to supgetVIMS ESLmission inthreeways:

1. To provide an environmentabntext for researchers and educators who may only visit
briefly, establishing a valuadded backdrop in which to make greater sense of-tdrant
research results and educational programing

2. Establish a record dbng-termenvironmental data for traclgrstatus and trends this
largelyunspoiled coastal region

3. Engage interns and studentgigoroustechnical scientific trainingvhile they contribute
to a largetong-termscientific program

We consider this mission suppgrbgramto be as vital athe marine operations and onshore
facilities support we provid®r high quality marine education and research in a remote and
undeveloped region of U.S. m#tlantic coastal marine habitat.

Geographic Setting andRationale

The Eastern Shore of Virginia (ESV#)the narrow southern end of the Delmarva
Peninsula, averaging 10 miles wide and 85 miles long from Pocomoke &oagsideand
Chincoteaguésland on seaside F i s h e r ma Nadiaal WikllifesRefdgeat the moth 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 Virgimdathe federal
governmentThe region has been designated by the United Nations Education, Scientific, and
Cultural Organization (UNESCO) as part of thRiosphere Reserve SystdmsNational

Natural Landmarkstatus with the US Department of the Interemmd is part of thgVestern
Hemisphere Shorebird Reserve Netwditke Smithsoniamstitution includesheseaside

coastal habitats of the ESVA part of thiglarine Geoglobal biodiversity network of siteBata
collected within the VIMS ESL program awailable to the internationdarine Geonetwork of
reseaerchers.

Short watersheds with limited freshwater make the bayside estaadesaside creeks and
shallow coastal baysnique within the Chesapeake Bay regiértensive marshes, oyster reefs,
andseagrassesupportatural and commercial seafood value of the regional marine resources
The region provides an excellent sentinel stmtegratebroaderanthropomorphic impacts and
environmental change in a relatively undeveloped coastal environment.

The VIMS ESL is in Wachapreague, VA, diredibzcaed on Wachapreag@hannel a
location that is well situated to provide access and facilities support for research, education, and
advisoryservice pertaining to these regional marine resoukcdensiveaquaculture occurs in
the region for oysters and hard claffike hard clam industry on the ESVA is the largest
producer of cultured hard clams in the nationginating withDr. Mike Castagna at the VIMS
ESL for the researcllevelopmentand trainingn the 19601970s. Kcellent qualityhigh
salinity seawater and habitatdjacentto the laboratoryincluding leased bottom maintained
specifically for research purposgvides the perfect setting fgeneral marine research and
aguacultureThe Seawateraboratory provides access to raw and filtered seawater and custom
setups for research and education, and the Cas&mptifishResearch Hatchery and nursery is
dedicated to aquaculture reseaackl shellfish restoration

The VIMS ESL, as a launch poifar diverseresearch and education activities
somewhat unique iproviding sophiscated shore support and efficienimeamperationsaccess
to high quality, high salinity seawaterlaboroatoriesandaccess ta relativelypristine and
complex barer island/coastal lagoon system in the #Atthntic region Consistent longerm
records for environmental dateeregenerally lacking for this outdoor laboratoWater quality
datg bathymetic maps biotic assessments loical community associations tliversity trends
are common absences in the science world focused ortsimarfunding and experimental
maniupulative scienc&entinel, benchmark, and monitoring data are typically not funded by
agencies supporting short duration project cygtesaramportant to understand the
implications of experimental worik the context ofarger spatial and temporal scale
environmentaprocesses

The need for such data is widely acknowledged, evieandfietcycles angrioritiesmake
supportdifficult. Currentsealevel rise coastal changend 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 ardew examples of largscale regional collaborative projects that endeavor to

holistically develop benchmark and sentinel monitoring programs §egtinel Monitoring for
Climate Change in the Long Island Sound Estuarine and Coastal Ecosystems of New York and
Connecticu2011; Smithsonian Institution Marine Geo program).

A lack d 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 E&hd aotherstation established in October 2018 in VEilli
Wharf (PartingCreekA t hi rd station was established I
Island.Data from these stations are accessible in-resditime (~15minuteincrements) online
(see Chapter 2 for details), and archived records are providedjoest They have been
extremely usefulo researchrs and educatoms the ESL-Seawater Lab for background to
ongoing field researcim theWachapreague vicinitgndhave been invaluable tbe aquaculture
industry hatcheries in Willis Whatrf.

5

Specific ohectives for the ESL-EMP

1. Collectspatial and temporaatathatprovideenvironmental characterizatignmhe EMP
dataset and reports wpkovidevisitors with the background and contéait education
activities and focuserksearctproposals and fundeafojects This is a valueadded asset
in support of education and research conducted at VIMS ESL.

2. Establish status and trenfis coastal environmental changealysis A lack of baseline
and continuing environmentdatahampers analysis of changed naragement of
marine resourcas thedynamic coastatcosystemsV/IMS 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 laparadsentidal site
for broaderenvironmentatrajectories

3. Support aquaculture industry and commercial and recreational fishing communities
Documenting episodic events agldcidating realong-term trends can help inform local
decision makingpy private enterprise and government regulatentanimg resilience of
this important economic sector.

4. Supportstudent researcdindeducation

a. Provide research opportunities fare Batten School of Marine Science/avS
andWilliam and MarystudentsThe VIMS-ESL has dedicated endowméuands
to supportstudent research and educatidhis progranwill provide trainingand
tasks that get students involved witbntributing to a larger scale scientific
endeavorTheprogramalso provides contextual bagiound data allowing data
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mining opportunities and background for undergraduate and graduate research
projects.

b. Provide research opportunities for interd&SL has an ongoing summer
internship progransupported bylonors tahe Bonnie Su&cholarshigProgam
The interns are providesimmer employment and research experientissESL
staff and visitingscientistsProjects and tasks within the EMP provide a wide
range oftraining andexperienceso assisinterns in developing their careers

c. Enhance ESkducation program 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-yealtidata for instructional
purposes.

5. Facilitate capacjtbuilding

a. Maintain/develop staff expertis@ver the last several decades the ESL has
developed a reputation for its benthic ecology waté&ntifying and quantifying
community assemblageBhe ongoing EMP facilitates maintaining and
developingstandardied procedures and equipmestgff skills, and taxonomic
expertise in this area support ofcollaborationsyisiting researchersand grant
proposals

b. Attract new usersThe EMP provides complimentarysset to the marine
operations and shore faciliigrovided by VIMS ESL, a valugdded enrichment
for scientists seeking platforms for grant funded researcledncabrs seeking to
provide opportunities for studestb explore new environments

c. Providing data forfuture funding/researcirhe environmetal characterization
provided by the EMP program has already been used by researchers seeking grant
funding to work at ESLThe opportunity to conduct research within the context of
a broader understanding of the regional environment makes proposalg seekin
precious grant funding more competitive.
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Chapter 2. Ecological Monitoring Program Overview-2024

Authors PG RossandRichardA Snyder
Virginia Institute of Marine Science, Eastern Shore Laboratory, Wachapreague, VA

Metrics

The EMP frameworkvasdesigned ta@locument thatatus and trendsf environmental
and ecologicaprocessesear the Eastern Shore Laboratorgble2-1 provides a lisof data
collected during 201:2024. Details of specific data collection methods and locations can be
found in the respective chapteBampling the nekton community was added 2&2d continued
therafter with an additional season adbdedinning in2023

The overall strategy was basedamtumulated experience aolbiservation®f ESL staff
during work on many different research projeétstratified scheme of three geographic areas
with different featuresvas establishefFig. 2-1): Bradford Bay $hallow,diffuse tidal currents
adjacenttouplandls; a por t i o nshaldw,oBterrdefs, idadsrrer@sy and the
Wachapreague Inlet vicinithigh energyoffshore weather impactdeep channelsidal
current$. The following metrics wergampled within this geographncatrix:

1 Oyster settlement

Biofilm growth

Benthic community soft sedimentsgintertidal, shallow subtidaindchannel edge)
Epi-berthic community hard substrat@ntertidalandsubtidal)

Nekton community: mobilenacrdauna

Sediment mappin{ntertidal, shallow subtidadndchannel edge)

= =4 4 -4

Other metrics have either logistical constraints (e.g. water quality stations) or are very
specific to certain locations (e.g. mapping and educattated efforts) and are not, therefpr
designed with the geographic stratification:

Water quality

Finney Creek marsh diebaokappirg
Wachapreague Inl@indmarshisland mapping
1 Macroalgamapping

= =4 =

10-Year Plan

It is our intention that the EMPe a longterm datasefl o initiate the effortwehave
developed a 1Qea plan for collecting various metrics (Talf2€l). The potential for rates of
change in the individual metrics was used to space éffioyporally The planis subject to
annualadjustmenbased on data results, fundimgeds of \8iting researchers and educators,
and demands of other projects on staff and resources

5
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Dissemination of Data

T

Chapter 2. EMP Overview 2024

Data summaries and raw data will be made available to visiting reseasthdents and

the general public upon specific reque$tse EMPprogram has been used in several grant
proposals by VIMS and outside research scientists, adding a contextual backdrop and broader
impacts to specific research plamberesults of the EMPave also been made available through
the followingvenues

VIMS ESL EMP Annual Report (this documentAnnual report of EMP progress and

results This and previous reports are archive\in | | i a m Stholdr&Vorksd s
Cumulativeusage dateby report yearis provided fromthis repository

Usage 20182019 2020 2021 2022 2023
Report Report Report | Report | Report
Abstract views 248 166 191 155 183
Download Count 214 176 191 193 213

MarineLife Day Display. Publicoperhouseheld on thehird Saturday oSeptember

each yearUpdated datéor biodiversity ancenvironmental conditions, analysis of status
and trends for seaside ESVA

VIMS ESL dedicated webpagdhe labwelsite haslinks to downloadable reports and

other products from this effortittps://www.vims.edu/esl/research/emp/index.php
VIMS ESL Facebook pag®©ngoing analysis of results of interest to regional science and

aguaculture, such as the weekly oyster spat set results, unique or unusual events:
https://www.facebook.com/VIMSESL

Peerreviewed publicatioswill be submittedn appropriate journal outlets and

preserditions ofdatawill be madeat professional meetinggespecially as data are
accumulatedufficiently to identify trendsThe following either focused on EMP data or
utilized parts of theariousdataseg it contains:
o Brahmey, E.I., K.J. McGlathery, and S.C. Don®uantifying seasonal to multi
decadal signals in coastal water quality using hagtd lowfrequency time series
data, Cambridge Prism8oastal Futures2, €8,

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

0 Poste presentation at a conference

Ross PG, SAKruegddad f i el d,
Ecol ogi cal

Mar i

ne

DM Kel | e-ptlantidlROdastdlny d e r
Monitor.i

ng Program

Phycological Society of America, Seattle, WA, July 2024

o Oral presentation ia conference

KruegerHa d f i el d
phenology of fixed and frekving Gracilaria vermiculophylla thalli along the

SA,

6

AP Oetterer

, DM Kell ey,

)
a
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Del marva Peninsulao Phycological Soci e
2024

o Invited seminar

KruegerHadf i el d SA fAAt the convergence of |
insights into the evolution of sex0 Ma
Section, The University of Southern California, Los Angeles, CA (February
2024) *Graduate tsident invited seminar speaker

o Invited symposium talk at a workshop/Conference

KruegerHadf i el d SA AAt the convergence of |
insights into the evolution of sexo Al
PEREC, George Masduniversity, VA June 2024 (oral)

KruegerHadf i el d SA AThe role of natural hi st
Atlantic Coastal Resilience Workshogecosystem Health, Johns Hopkins
Advanced Physics Laboratory, MD, May 2024 (oral)

1 EMP data is an iegral part of the following projects:

McDowell, J, T. Tuckey, M. Fabrizio, R. Snyder, and H, B224. Combining
environmental DNA (eDNA) and adaptive resolution imaging sonar (ARIS) to assess
restorationmediated changes in habitat use by fishes. VIM8&rhal Seed Funding.

Patrick, C., R. Snyder, M. Fabrizio, J. McDowell, R. Latour, B. Lusk, and H2@&232027.

A whole system restoration of seagrass, bay scallops, and associated ecosystem functions in
the coastal lagoons of Virginia's northern East®nore. VA Coastal Zone Management
Program, NOAA.

KruegerHadfield, S.A. 2022027.CAREER: At the convergence of life cycles and
reproductive systems: insights into eukaryotic diversity (B#B6117) National Science
Foundation Division of EnvironmentBiology Evolutionary ProcessésFaculty Early
Career Development Program.

Kruege-Hadfield S.A. 2@4-2025.Environment, epibiota, and evolution of complex life
cycles W&M Seed Funding Research Grant.

Student Involvement

Studentsfrom the institutiondelowparticipated in the 2Bt EMP duringMay-August as
part of the ESL summer internship program
1 Virginia Tech
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1 James Madisobniverstiy
1 Homeschool in Accomack County
1 Northampton High School

Funding Gratefully Acknowledged

TheBonnie Sue Internshiprogramsupported summer student interns that assisted with
the projectA donation by Janet and Chuck Woduss providedn intern salary and operating
expensesor the projecfor multiple years.

Table 2-1. VIMS ESL Ecological Monitoring Program d@arsampling plan.

2018( 2019| 2020| 2021 2022 2023| 2024| 2025| 2026 2027
Component
Yel | Yr2 | Yr3 | Yrd | Yr5 [ Yr6 | Yr7 [Yr8 [ Yr9 [Yr10
Water Quality: Fixed Sensor X X X X X X X X X X
Water | Qy _____________________________________________________________________________________________________________________
Quality .
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
OFSIEr | i Demographics | x [ x| x| x [ x| x| x| x| x]|x
Population y ________________ g p _______________________________________________________________________________________________________________
Oyster Biometrics X X X X
Hard Clam Settlement Test| Test| X X
Clam IR O I R e
Population ) )
Clam Demographics (dredging Test| Test X
Benthic Soft Sediment X X X X [|Partial X X X
Faunal Epl-bgnthlc Hard Substrate X X X X X X X
. |(Intertidal)
Community | ]
Structure |Epi-benthic Hard Substrate
(Subtidal) X XX X X X
Nekton Community X X X X X X X
Wachapreague Inlet Shoreling X |Partial X X VBMP
. . . On hold until we seg
Mapping |Finney Creek Marsh Dieback X X X X . untiw
obvious changes
CEESEl  |hosccascmmacaacsscsacscacocnscacoecoadaoaoaccd [T Lo | IR | I || ]
Change |sediment Characterization X X X X X
Macroalgal mapping X X X X X X X X X
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Legend
D Study Areas
O  Oyster Settlement
Soft Sediment Grabs
Hard Substrate Quads
Hard Substrate Dredges ,-

Burton's Nekton Trawls
Bay /. Nekton Seines

-

\ Red Areas are the
@ ESL-EMP Study Areas

| 4
~ :

e M
\
Wachapreague

sAnlet

{
Bradford : _ ‘%
Bay £

Figure 2-1 Three geographic regions of the EEMP with currentsampling locations:
BradfordBaya por t i on qdndtBeiwWathapreégse Ireavicinifdditional
samples were taken on the ocean side of Cedar and Parramore Islands2020&2e Chapter

14).
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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 provitimeeal
and archived data on the seaside of the Eastern Shore of Virginia. Continuotsing
stations have been established at the following locations:

1 Wachapreagu€7°36'27.6912" N 75°41'8.9124" \RA Snyder VIMS startup funds
1 Willis Wharf (37°30'43.0806" N 75°48'22.1934" \®eve and Barbara Johnsen donation
f Burtonos B&896"N(73°38AR4B4"BYDginia 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 stidies involving oysters and other ecological monitoring along Custis Channel, in
the southeastern portion of Bu)livedaa@smBuae (37 A
intervals) from the WachapreaguebefdMndlal i s Whar
www.vims.edu/esl/research/water_quali#fchived data from continuous stations and remote
deployments are available upon request (contact Darian Kelttkebé¢y@vims.ed)

Data collected from these stations can be used to identify and moniteteshort
variability and longterm changes in coastal watersheds and estuarine ecosystems. These water
guality datasets can be analyzed with ofealogical monitoring data to elucidate how naturally
occurring fluctuations and unigue water quality events, correlate and impact marine ecosystems.
Additionally, individual researchers and educators utilizing ESL facilities can accesisneal
and arcived data for the period of their work, or longerm 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 globed.chaege water
quality records can also be utilized to inform coastal zone management decisions by the
Commonwealth of Virginia.

10
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ESL6s water qual it ytermdataseis ot réeseaecheessetiuaatots,i s h e s
and resource managers, but also suigdocal fishermen and aquaculture operations. As the
| argest hard clam aquacul ture production in t

multimillion-dollar commercial shellfish industry is important both economically and

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

(Willis Wharf, VA), home to three major hatchery operations. fRea¢ 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 w
movements.

In this chapter, the primary objectives are to: 1) displaymary 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 itiddal 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 East&hore 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 Directaf 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 Rier). 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 areblasetl monitoring
systems that are connected to a floating pump
below the surface, regardless of tidal heifot. these systems, surface water is pumped into a
flow cell chamber, where the water sample is analyzed.tybesof 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 intsisubmerged sonde reporting the same measurements.

The Burtonébés Bay station was established t
efforts in 2023 with grant funding provided by Virginia Coastal Zone Management (Virginia
CZM) Program, the Natioh®ceanic Atmospheric Administration (NOAA), and The Nature
Conservancy (TNC). Burtondbs Bay is an open sh
sheltered behind by Cedar 1|1 sl and. Burtonds Ba
boating, inaddition to commercial aquaculture and fishing operations relating to oysters, crabs,

11
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and finfish. The Burtonds Bay station is a re
fixed depth, mounted ~1.5 ft from the bottom (actual depth dependédibheight). Data

coll ected by the Burt on bodeckRasg biofotliagtofithe sensorsatc o | |
the Burtonbés Bay st at i omitps:/igesBenceloanGhequard). devi c e
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 WacdBaypstatorsgvasaevelopgadhby i s W
Green Eyes LLC (Easton, MD).

Maintenance schedules vary depending on season and site location and are dependent on
frequency and type of biofouling. The labhdsed Wachapreague and Willis Wharf stations are
dual line systems that require weekly line changes to switch pump intakesonkists 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 theenanvironment, 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,theBorm 6 s Bay station is visited by boa
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 qualitparameters is collected at all ESL monitoring sites (Table 3
1). Water temperature, salinity, specific conductance, pH, dissolved oxygen, turbidity
chlorophylta, and blue green algpbycoerythrin (BGAPE)levels are measured at-trfinute
intervals uang 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 oad betfe
YSI EXO User Manuallttps://www.ysi.com/File%20Library/Documents/Manuals/EXSer
ManuatWeb.pdj. Sondes are calibrated in the lab using KOR Softaadecalibration 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 measwents 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 ofpjecteacroalgae,
particulate matter, small fish, craletc.) interfering with optical sensor readings. Microsoft
Excel is used to exclude questionable data du
used to calculate yearly statistics for each parameter. Parameter standard deviation is used to
estimae normal variation and detect questionable readings by comparing a single measurement
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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 frostaisetd
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 suscefatibtgse 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 At mos potnel DatccBuok@anterni st r at i
website fittps://www.ndbc.noaa.gov/station_page.php?station=wWahv2N OAAGs St at i on
WAHV2iscol ocated with ESLOS Wachapr eauwateelevelat er (¢
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 Wachague 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.tdlorainfall is recorded weekly at ESL, and regional
daily records are reported via tBemmunity Collaborative Rain, Hail, & Snow Network
(CoCoRaHS Networkattps://cocorahs.org/viewdatainydaysreport.aspxRegional weather
archives are also accessible from the NOAA National Weather Service
(https://www.weather.gov/akpand the Eastern Shore Agricultural Research and Extension
Center (ES ARECVirginia Tech) in Painter, VAH(ttps://www.arec.vaes.vt.edu/arec/eastern
shore/Weather_Data.htjml

2024 Results & Discussion

Continuous water quality data was collecteWaichapreague, Willis Wharf, and
Burtonds Bay during 2024, Mi ni mums, maxi mums,
dissolved oxygen, turbidity, chlorophyll, and blue green algae are summarized in -Pable 3
(Wachapreague), Table3(Willis Wharf),and Table34 ( Burt onés Bay) .

Continuous measurements allow analyses of seasonal and tidal patterns2 Fagsugih
38 display the 2024 data for Wachapreague, Wil
Seasonal trends, such as warmer water tempesaaimd lower dissolved oxygen levels in the
summer/fall, and cooler water temperatures and higher dissolved oxygen levels in the
winter/spring, are recognizable (Figs2& 3-5). Episodic events, such as the distinct salinity
troughs from rainfall are obsved across all stations (Fig33 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 ssigecific variable/occurrence. For example, growatker flow
into Parting Creek is often a more significant factor than it is for Wachapreague Channel (Ross
& Snyder 2022; see Chapter 3).
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Parameter ranges and seasonal variation were similar between the surface level (floating)
and fixed depth (submergeeadings, except for salinity. Influenced heavily by rainfall, the
surface readings (Wachapreague and Willis Wharf) display more dramatic salinity depressions
than the salinity submer ge d3).&mbximiytdthexugattd dept h
sources of fresh water also i mpact Wachapreag
Because of this, the range of salinity at the
33.08 psu) than the salinity range captured in Wachapreague-@4L@4psu) and Willis Wharf
(13.3433.41 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 d6 1®m o6Mamc Ma#.chTlhe saen dt v«
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 $easide 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 @pations to avoid salinity depressions, pH variations, or excess turbidity,
or for researchers actively conducting studies or experiments. Withnaele’ tidal amplitude,
water quality measurements on seaside ESVA are strongly affected by tidal flativéRefast
dissipation of salinity depressions and tide and turbidity correlations are discussed in the 2018
2019 EMP report (Ross & Snyder 2020; see Chapigr @bservations such as these can be
used by researchers and local hatcheries to effectivaetyage 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, E8U®as been
able to assess sigpecific 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 qualityd has al so been uti
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 additiaa thereat i me dat a provided through E

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 mplé 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

14



Section 2: Physical, Chemical & Geological Context Chapter 3. Water Quality: Fixed Stations

environmental factors relate to: patterns in fish dynamics in restored seagrass, microsite variation
of sea anemones, and boring sponge and mud blister worm imfiestatiysters. Total numbers
of ESL water quality requests and requesting organizations are summaiTzdlards.

ESL6s continuous monitoring stations are d
to consolidate and catalog water quality monitoeffgrts. The A Estuarine and Coastal
Observing System (VECO@&itp://vecos.vims.edu/Default.agpyprovided by the Chesapeake
Bay National Estuarine Research Resérvérginia (CBNERRVA), displays wateguality and
met eorol ogi cal data available in Virginiads p
tributaries. The MidAtlantic Ocean Data Portahitps://portal.midatlanticocean.oygprovided
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 NeNeYiork,
Jersey, Delaware, Maryland, and Virginia.

Water quality data from Wachapreague, Wil
be collected to provide snapshots and monitor-kenign trends as part of the EMP. Because
distribution of marine plantand 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 visit
research activities. Once lotgrm records are established, these data can be used to define
trends in species richness, population abundance, and local distribution with specific water
guality 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 thieyeal datasets. Yearly
minimums and maximums for the recorded parameters are also similar (BigwaBigh 38).
Salinity variations between years commonly correspond with weather events. Notable
differences in salinity correlate with differences iegpitation reported by the CoCoRaHS
Network.

ESL6s monitoring data was utilized in a st
seasonal and multlecadal trends within higland low frequency time series data. For this
study, 46 years ofu&lSLbDygy dategmu(einlciypph was e@ami ned
years of manual guarter Hy eggaimemiciymg . b yHaVv @R nl TtE
estimated an average of-28 years of quarterly water quality samples are needed to quantify the
climatologicalseasonal cycle for temperature, salinity, dissolved oxygen, and chloraphyli
identifiable in statistical sub a mp | i n g o-frequer®yniositoring dgté (Brahmey et al.,
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2024). The study highlights the value of higegquency water quality monitogndata to identify
trends or assess changes overtime.

As we accumulate more years of water quality data, rpelir datasets can be used to
establish ranges and visualize how current data compares to historical data, such as the historical
water temperate comparison in the 2023 EMP Rep@bss & Snyder 2024; see Chapter 16).

The addition of the Burtonds Bay station wil/
conditions and contribute to a comprehensive picture of seaside water quality osnalitithe

Eastern Shore. Continuous water quality monitoring will also help us visualize connections and
draw inferences with the EMP species ditantifying seasonality and variations in water

guality parameters between years can assist in explainictgditions in species richness,

abundance, and distribution overtinfée plan to track these trends not only for spatial

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

and for the seaside coastal environine
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Table31.Descri ption

of eight water quality

stations usingy’ S| EXO2 Multiparameter Sondes.

Parameter Unit Description
Temperature °C Measurement of the intensity of heat in the surrounding wa
Specific Measurement of how well water can conduct an electrical
ms/cm

Conductance current
Salinity psu Measurement of all salts dissolved in a water sample

H i Numeric scale used to specify how acidic or basic (alkaline
b sample is
Optical mg/L VI\\/Ilgtaésrurement of the amount of oxygen that is present in th
Dissolved : . . .
o % Percentage of dissolved oxygen concentration relative to w

Xygen : :

saturation| water is completely saturated

Turbidity NTU Measurement of the cloudiness or haziness of the wataple
Chlorophyli ug/L Measurement of chlorophyll a.
Blue Green oL Measurement of the phycoerythrin accessory pigment foun
Algae 9 blue-green algae (cyanobacteria).
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Table 3-2. Summary water quality data for the Wachapreague
station at ESlduring 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 729 | 822 | 7.82 | 0.18

Dissolved Oxygen (mg/L) 1.79 | 1191 | 7.35 | 1.97

Turbidity (NTU) 2.12 | 126.13| 16.26| 11.84
Chlorophyll (rg/L) 0.26 | 3452 | 4.11 | 3.55
Blue Green Algaen(/L) 0.27 | 86.38 | 9.45 | 8.93

Table 3-3. Summary water quality data for the Willis Wharf statior
in Parting Creek during 2024.
Location: Willis Wharf
Time period: JanDec 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) 275 | 1229 | 7.51 | 1.96

Turbidity (NTU) 2.44 | 113.03| 15.55| 9.76
Chlorophyll (ro/L) 0.21 | 46.99 | 4.36 | 3.79
Blue Green Algaenfy/L) 0.45 | 89.90 | 1041| 6.74
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Table34. Summary water qualit
station behind Cedar Island durig§24.
Location: Bur t on6s Ba
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 751 | 831 | 798 | 0.14

Dissolved Oxygen (mg/L) 431 | 12.33 | 8.23 | 1.64

Turbidity (NTU) 1.17 | 115.41| 16.59| 12.97
Chlorophyll (rg/L) 0.01 | 3094 | 541 | 3.11
Blue Green Algaen/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.

Chapter 3. Water Quality: Fixed Stations

Organizations that received monthly data files were considered 1 request per year.
*The Willis Wharf station was installed October 2018.

** The

was installed

Burtonds Bay station
Year TOté:legllJJrgstgr of Nduifrp?k?g:? tof
Organlzatlons
2016 2 L
2017 5 )
201& 6 .
2019 12 g
2020 10 g
2021 15 .
2022 13 .
2023+ 7 c
2024 19 °
Total 89 o1
Average Per Year 10 -
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Burton's
Bay
¢

Wachapreague
Macuy, .. a

4

7 Willis ® ‘ e
" Wharf

Sources : Esri, HERE, Garmin, Intermap, incgement P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL, Crdnance Survey, EsriJapan, METI,

ville Esri China {Hong Kong), (c) OpenStreetMap contributors, and the GIS User
Community, National Geographic; Esri, Garmin, HERE, UNEP-WCMC, USGS,
NASA, ESA, METI, NRCAN, GEBCO, NOAA, incgement F Corp

Fig.31Location of ESLO6s continuous water quality
Eastern Shore of Virginia.
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A) Wachapreague Station (202824)
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Fig.32Wat er temperature (AC) for the A) Wachapre
water quality stations during 2024 (black) and all previous years collected (grey).
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A) WachapreaguS8tation (2018024)

Salinity (psu)

C) Burtonds Bay028t ati on (2023

Month

Fig.33Sal inity (psu) for the A) Wachapreague B)
quality stations during 2024 (black) and akyious years collected (grey).
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A) Wachapreague Station (202824)
8.6

8.4

B) Willis Wharf Station (2018024)

pH

C) Burtonds Bay028t ati on (2023

Month

Fig.34WaterpH©®1 4 scale) tor the A) Wachapreague B)
water quality stations during 2024 (black) and all previous years collected (grey).
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