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Chesapeake Research Consortium
Zooplankton/Food-Web Workshop
January 12-13, 2005 SERC Edgewater, MD

DAY 1 January 12, 2005
8:30-8:45 Welcome Sellner

8:45-9:15 Management Applications of Zooplankton/Foodweb Indicators and
Metrics Batiuk & Wood
Includes reference to Background Information in Booklet
Review of the roles played by zooplankton/food-web monitoring data indicators/metrics
in Chesapeake Bay restoration management in the past and potential for future
applications.

9:15-10:30 External Experts’ Presentations: Management Indicators and Metrics for other
Systems Sellner

Wil Kimmerer, Tiburon Laboratory, San Francisco State University
Mike Pace, Institute of Ecosystem Studies
Barbara. Sullivan, Graduate School of Oceanography, University of Rhode Island
TBD, fish expert
10:30-10:45 BREAK

10:45-12:00 Project Team Presentations of Metrics/Indicators in New Project Lacouture et al.
Fisheries/Ecosystem Management

12:00-1:30 LUNCH

1:30-2:15  Project Team Presentations of Metrics/Indicators in New Project Lacouture et al.
Water Quality Management

2:15-2:30 BREAK

2:30-4:45 Breakout Session: Discussion of New Project from the Fisheries and Water Quality
Management Perspectives Leads TBD

4:45-5:00 Plenary: Where do we stand, homework assignments, logistics update Sellner

6:00-8:00  DINNER







DAY 2

8:30-8:45

8:45-10:00

10:00-10:15

10:15-12:00

12:00-1:30

1:30-3:00

3:00

3:15-4:30

Chesapeake Research Consortium
Zooplankton/Food-Web Workshop
January 12-13, 2005 SERC Edgewater, MD

January 13, 2005
Plenary: Re-invigorate groups and outline day’s program Sellner
Breakout 2: Participants will change groups and continue discussion of the New Food
Web Project from the Fisheries and Water Quality Management Perspectives

Leads TBD
BREAK
Breakout 2 continues

LUNCH

Plenary: Recommendations from Breakouts presented to all participants and Summary
Recommendations derived

Adjourn

Steering committee and external experts discuss recommendations.

Post-conference: Woods and the Steering committee will generate the following, Within 2 weeks,
recommendations for station or sampling frequency adjustments to 2005 field season; within 6 weeks,
summary report of workshop high lights and recommendations.



















Historic Monitoring
Program
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CHRONOLOGY OF LIVING RESOURCES MONITORING PROGRAMS]

ZOOPLANKTON PROGRAMS

CPB MONITORING- The Chesapeake Bay Water Quality Monitoring Program included a Zooplankton monitoring
component from 1984-2002. Mesozooplankton and Microzooplankton samples for species enumeration were
collected at up to 36 fixed monitoring stations in the main stem and tidal tributaries of the bay. Microzooplankton
sampling was conducted in Virginia only from 1989-2002 and gelatinous zooplankton occurred only in Maryland.
Monitoring usually occurred concurrently with water quality monitoring. Staff from Old Dominion University performed
monitoring for the Virginia Department of Environmental Quality and by staff from Versar, Inc and Morgan State
University Estuarine Research Center (formerly the Academy of Natural Sciences Benedict Estuarine Research
Center) for the Maryland Department of the Environment/Maryland Department of Natural Resources. Monitoring
data is available at http://www.chesapeakebay.net/. Virginia collected between 1999 and 2002 is also available at
http://www.chesapeakebay.odu.edu/.

PLANKTON INDICATORS PROJECT- A multi-phased zooplankton indicator project begun in 1994 paralleled a
similar phytoplankton indicator project. The zooplankton project identified zooplankton community metrics that were
sensitive to water quality conditions, especially eutrophication and anoxia/hypoxia. The project also identified linkages
between zooplankton and fish consumers of zooplankton. The project relied primarily on multi-variant analysis
techniques, and identified many potential indicators, including a food available index for larval striped bass. Data
comparability issues caused by laboratory methodology differences seriously hampered the project, and eventually
prevented its completion. Indicator development was also hampered by the fact that early zooplankton sample
collection in Virginia a) was sometimes not coordinated with the water quality sampling cruises, and b) did not
accurately measure water volumes filtered by the towed plankton nets prior to 1992 (this precludes accurate density
calculations).

Buchanan, C. (ed.). (1993). Development of Zooplankton Community Environmental Indicators for Chesapeake Bay. Report for US EPA Chesapeake Bay
Program and Maryland Department of the Environment. ICPRB Report 93-2.

Buchanan, C. (ed.). (1996). Zooplankton Indicators of Chesapeake Bay. Report for CBP Living Resources Subcommittee and the US EPA Chesapeake Bay
Program. ICPRB Report 96-5.

Buchanan, C.(ed.) (1997). Methods Used to Calculate Microzooplankton and Mesozooplankton Bay-Wide Indicators from the Chesapeake Bay Program
Zooplankton Monitoring Data. Draft ICPRB Report.

LSBHI- A Larval Striped Bass Habitat Index (LSBHI) was developed to assess the suitability of annual environmental
conditions several Chesapeake Bay tributaries with the respect to recruitment of striped bass larvae. LSBHI index
scores are calculated from water quality and zooplankton monitoring data. The LSBHI provides a measure of
potential of each tributary to support recruitment of striped bass in a given year. This index was developed primarily
for Maryland tributaries but could be applied to Virginia waters.

Heimbuch, D G., , F. Jacobs, J. C. Seibel, C.K. Stoll and H. T. Wilson. (in review)._A Larval Striped Bass Habitat Index for Chesapeake Bay Tributaries. Journal
of Environmental Indicators.

SPLIT SAMPLE STUDIES State-related biases in the data were discovered during the indicator project, and led to a
series of split sample studies beginning in 1998. The split sample studies demonstrated that differences in the
enumeration methodologies used by Maryland and Virginia laboratories to process zooplankton samples produced
results that were not comparable, primarily because the Virginia method significantly underestimated
mesozooplankton species abundances. Intermittent problems with the microzooplankton data were also identified.
The studies eventually led to laboratory method changes in both states, and resolution of the incompatibilities in
2000.

Buchanan, C. (ed.). (2000.) Split Sampling Study for the Maryland and Virginia Mesozooplankton Monitoring Programs. Final Report, June 2000. ICPRB Report
00-3.
Ley, M.(ed.)(2003) The 2001 Inter-laboratory Comparison of Chesapeake Bay Mesozooplankton Samples Draft Report, US EPA Chesapeake Bay Program.

PLANKTON RESTORATION GOALS- The zooplankton restoration goals project began in late 1998, in parallel to
another similar phytoplankton restoration goal effort. The zooplankton component this program was intended to
quantitatively characterize desirable, or “reference,” zooplankton communities in bay waters. Multivariate analyses
were performed on the Maryland data to confirm the identities of sensitive metrics, and the habitat conditions that
supported desirable levels of the metrics. Work was halted when split sample studies revealed that the different
sample enumeration methods between the states had produce data that were not comparable.




CHRONOLOGY OF LIVING RESOURCES MONITORING PROGRAMS]

ZOOPLANKTON PROGRAMS

IBI DEVELOPMENT- Despite the data limitations, zooplankton indexes of biotic integrity for the summer mesohaline
and summer polyhaline communities were developed and validated. The indexes generally agree with the
phytoplankton IBI results, and have relatively high classification efficiencies. The polyhaline index was based only on
selected Virginia data; reference habitat conditions were defined by dissolved inorganic nitrogen (DIN),
orthophosphate POj), and Secchi depth — the same parameters used to classify phytoplankton habitat quality. The
mesohaline index was based only on Maryland data and post-1999 Virginia data; reference habitat conditions were
defined by DIN, POy, chlorophyll a, dinoflagellate biomass, diatom biomass and Secchi depth. A tidal
fresh/oligohaline index was not possible due to the lack of both monitoring data and samples with good water quality

Carpenter, K.E., C. Buchanan, and J. M. Johnson (in review).An index of biotic integrity based on the summer polyhaline zooplankton community of the
Chesapeake Bay. Journal of Marine Environmental

Research

Sillet K., W. Burton C. Buchanan, and J. M. Johnson (in prep) Development of a Summer Mesohaline Zooplankton Index of Biotic Integrity.
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Major Findings of the 1984 - 2002 CBP Zooplankton Monitoring Program

Zooplankton status in Chesapeake Bay is generally not good, although there are improving trends in
anadromous fish spawning and nursery areas. Water quality improvements in the
future are expected to create more favorable habitat conditions for zooplankton
communities bay-wide. Zooplankton such as copepods are food for important fish
species in Chesapeake Bay, and healthier zooplankton communities will support more
fish. Resource management strategies must balance the improving capacity of the Bay
to support zooplankton with increasing food demands of restored fish stocks.

Status and trends in the upper Bay mainstem and upper tributary reaches ...

Significant increases in mesozooplankton abundance occurred, indicating an improving trend in the overall food base for
fish in these areas (see Figure). Increases were strongest where water quality significantly improved, as in the Patuxent
River.
>> These areas are seasonal spawning and nursery habitat of migratory fish, and zooplankton food is important to
their recruitment and growth. Blueback herring, alewife, and shad rely on mesozooplankton food their entire lives.
Striped bass, white perch, and yellow perch depend on meso- and micro zooplankton as larvae, and shift to larger
prey as they grow.

The Food Availability Index (FAI) assesses total zooplankton food for larvae of migratory fish. During 1999-2002,
Patuxent and Choptank had optimal FAI. Potomac had borderline minimal/below-minimal FAI. The upper Bay, and the
James, York, and Rappahannock had below-minimal FAI.
>> Despite universal improving trends, zooplankton food levels for migratory fish larvae are currently inadequate in
most major spawning/nursery areas.

... and in the middle and lower Bay mainstem and lower tributary reaches

Sharp declines in mesozooplankton abundance occurred at almost all stations in these areas (see Figure). In contrast,
abundances of the smaller microzooplankton increased in the mid Bay.
>> The overall zooplankton food base for important forage fish such as bay anchovy, menhaden, Atlantic silversides,
and immature stages of other resident species is declining and shifting to smaller sizes.

The Zooplankton Index of Biotic Integrity (IBI) changed from Fair in the late 1980's to Poor in 1999-2002. The IBI
combines multiple indicators of zooplankton community health, such as total abundance and taxonomic composition, into
a single index that can be scored.
>> The zooplankton component of the Bay’s food web is not healthy and
its condition is worsening.

Types of Zooplankton

Megazooplankton (20 cm - 2 m)

 cnidarian “true” jellyfish
Macrozooplankton (20 mm -20 cm)

» ctenophore “comb” jellyfish

e shrimp

e amphipods

* cuphausiids

* larval fish
Mesozooplankton (0.2 - 20 mm)

e copepods

» cladocerans

Linkages to water quality and predators

Zooplankton status and trends are not related in a straightforward way to a
single factor such as phytoplankton food quantity, or fish or jellyfish predator
abundance, although the Bay mainstem declines parallel declines in water
clarity.

The 1999-2002 drought did not reverse the downward mesozooplankton trends
in the mainstem. It may have reenforced the improving mesozooplankton
trends at some tidal fresh stations.
>> Changes in freshwater flows are apparently not the primary cause of the
trends. Possible effects of climate-related temperature changes cannot be
explored because winter zooplankton monitoring data is lacking.

¢ benthic invertebrate larvae,
or meroplankton
Microzooplankton (20 um - 0.2 mm)

Microzooplankton are closely correlated with total phytoplankton food biomass * rotifers

(expressed as chlorophyll a) while mesozooplankton are more closely
correlated with specific phytoplankton groups such as diatoms.

* protozoans, such as ciliates
* copepod nauplii




>> Phytoplankton food quality, which is influenced by water quality, appears to be an important factor affecting
mesozooplankton. High phytoplankton biomass does not necessary produce high mesozooplankton abundances.
>> Rotifer and ciliate microzooplankton are increasing in areas experiencing more frequent algal blooms.

Ctenophore “comb” jellyfish, which are significant predators on mesozooplankton and fish larvae, have gradually
increased in the middle Bay while populations of the forage fish species that eat zooplankton have been declining. Saltier
conditions during the 1999-2002 drought period did not reverse these trends.
>> The combined effect of increasing ctenophore and decreasing forage fish may have resulted in no significant
change in overall predation pressure on mesozooplankton in the last two decades.

Figure. Comparison of
mean (geometric)
mesozooplankton
abundances at the
beginning (1984 -
1989) and end (1999 -
2002) of the previous
CBP zooplankton
monitoring program in
Chesapeake Bay and its
tidal tributaries.
Declines occurred at
almost all stations in
the middle and lower
Bay mainstem and
lower tributary reaches
(mesohaline and
polyhaline waters),
while increases
occurred at all stations
in the upper Bay and
upper tributary reaches
(tidal fresh and
oligohaline waters).
This pattern was
becoming apparent as
early as 1997, and the
trends have persisted
across wet and dry
periods. Note: Changes
in Virginia laboratory
methodology during the
monitoring program
preclude calculation of
absolute % change, but
allow determination of
a general trend.

Contact Mike Fritz, Living Resources Subcommittee (LRSC) Coordinator (fritz.mike@epamail.epa.gov) or Claire Buchanan,
Co-Chair of the LRSC Monitoring and Modeling Workgroup (cbuchan @jicprb.org) for further information.




An Index of Biotic Integrity Based on the Summer Polyhaline Zooplankton Community of the
Chesapeake Bay
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A zooplankton index of biotic integrity is developed for the polyhaline segments of the
Chesapeake Bay. The data come from a long-term environmental assessment program in which
both zooplankton and water quality were regularly monitored. Sampling events were classified
as either coming from impaired or reference (least-impaired) conditions based on water quality
criteria. Seventeen zooplankton community metrics were evaluated under these criteria and nine
were chosen for a composite index. These were the Simpson diversity index, and abundance of
barnacle larvae, rotifers, cladocerans, copepods, total mesozooplankton, and predators. The
composite index of biotic integrity correctly classified about 94% of the impaired samples and
about 82% of the reference samples. Average classification efficiency was 88%. This index
appears to be an effective measure of eutrophication for the Chesapeake Bay ecosystem.



Development of a Summer Mesohaline Zooplankton Index of Biotic
Integrity for the Chesapeake Bay

Kristine Sillett, Versar, Inc. 9200 Rumsey Road, Columbia MD, 21045
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ADSTRACT: A zooplankton Index of Biotic Integrity (IBI) that responds to eutrophication
paramﬁrs was developed from existing long-term monitoring data for summer (July-September)
Resohﬁua conditions in Chesapeake Bay. The selected metrics for the IBI are abundance based
1d rep"'sent diverse elements of the zooplankton community. Higher abundances of total
n‘sozooplankton the dominant calanoid copepod Acartia tonsa, and the cyclopoid copepods are
asqdate ith “Ieot-impaired” or reference habitat conditions. Higher abundances of rotifers
and balanid @/ae, apg higher ctenophore biovolume are associated with “impaired” or degraded
habita‘§nditions. Theg®! is composed of six metrics and correctly classifies 80% of the least-
impaired sampli ‘evengand 75% of the impaired sampling events. The overall IBI is more
effective *correctl@haracéizing environmental conditions than the individual metrics. The

results sug%hat rﬁ%a%ediment load reductions will have positive impact on the

summer meso @e zooplankton &nmunity, an important food source for upper trophic levels.
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A Larval Striped Bass Habitat Index for Chesapeake Bay Tributaries
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ABSTRACT

A Larval Striped Bass Habitat Index (LSBHI) was developed to assess the suitability of annual
environmental conditions in three Chesapeake Bay tributaries with the respect to recruitment of striped
bass larvae. LSBHI values were calculated for the Potomac, Patuxent and Choptank Rivers for each year
from 1986 through 2000, using Maryland water quality and zooplankton monitoring data from the
Chesapeake Bay Program. The LSBHI is intended to provide an indicator of the quality and potential of
each tributary’s striped bass spawning and nursery habitat for each year of available data. The LSBHI
incorporates components of the Individual Based Model (IBM) of Rose and Cowan (1993) to score annual
conditions with regard to initial spawning success, early survival of eggs and pre-feeding larvae, and
feeding larval growth and production as a function of zooplankton availability. The annual LSBHI for a
tributary is composed of three sub-indices, each calculated for regional semi-monthly cohorts: 1) a
spawning sub-index, 2) an early survival sub-index, and 3) a zooplankton (food) availability sub-index.
The spawning sub-index uses temperature and salinity data, as well as literature based relationships of
these parameters to striped bass spawning to determine the suitability of the habitat for a successful spawn.

The early survival sub-index uses temperature to assess the habitat with respect to egg and early larval
survival. The zooplankton availability sub-index is based on a comparison of the available zooplankton (a
function of zooplankton abundance and predator searching ability given relative sizes of predator versus
prey and water clarity), the minimum food requirement based upon metabolic relationships, and the
maximum consumption possible. To independently verify the LSBHI, annual values were quantitatively
compared with annual juvenile abundance measures from beach seine surveys conducted by Maryland
Department of Natural Resources. Application of the LSBHI was successful for the Potomac River
(R=0.62, p<0.01), Patuxent River(R=0.55, p=0.03), but did not correlate well with the beach seine data
for the Choptank (R=-0.14, p=0.61). Possible reasons for this lack of fit and recommendations for

expanding the LSBHI to include additional factors (e.g. flow, pH) are discussed.

DRAFT August 2, 2003
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Seasonal Distribution of FMP Fish for Chesapeake Bay With Linkages to Zooplankton

6 |8
T
= za
o3 i
w ot lzlm|E x| 2z 2@ a|Kk[20
COMMON NAME S R |[SpSig 3324824 NOTES SPECIES
SlL > g > 5 S5l n 0l Z 0
LARVAL * X X Tributary spawning and nursery species.
J iles present in to Nov in lower tribs } L .
AMERICAN SHAD JUVENILES | * X | X | X | X]|X|X Alosa sapidissima
ADULT X | X | X
LARVAL * X X X X X X Rgsidel_ﬂ fish, resides in_deepwater in
ter, in shallow areas in summer. . L
BAY ANCHOVY JUVENILES | * | X | X | X | X [ X | X | X | X[ X | X|[X]|X Anchoa mitchilli
ADULT * XX | X[ X|X]|X]|X|X]|X]|X|X]X
* Tributary nursery species. Filter feeders
ATLANTIC LARVAL 28 2| % X S X on both phytoplankton and zooplankton. .
MENHADEN JUVENILES * X | X | X | X]|X]|X Brevoortia tyrannus
ADULT * XX | X[ X|X|X]|X|X]|X]|X|X]X
LARVAL X X X |Bay used as nursery area. Opportunistic i i
bottom feeders who will eat large meso Micro pogonias
ATLANTIC CROAKER] JUVENILES * X| X[ X|X|X|X|X|X]|X]|X|X and macro zooplankton. undulatus
ADULT * X| X | X[ X | X]|X]|X
LARVAL * X X X Juveniles present in mainstem Apr-Oct,
but in tributaries year round. .
STRIPED BASS JUVENILES * X | X | X | X | X | X| X | X]| X]| X | X | X |anadomous spawner. Morone saxatilis
ADULT X| X | X[ X|X]|X]|X| X]|X]|X|X]X
LARVAL * X X Anadromous spawned. Juveniles
pi t in main stem of bay from Feb- . .
BLUEBACK HERRING] JuveniLEs | * X | X | X | X[ X]|X]|X Nov. True mesozooplankton feeders. Alosa aestivalis
ADULT X | X | X | X
LARVAL * X X Anadromous spawned. Prefer large
ro zooplankton. R )
HICKORY SHAD JUVENILES | * X | X | X[ X]|X Alosa mediocris
ADULT X | X
LARVAL * X X Anadromous spawned. Juveniles
pi t in main stem of bay from Feb-
ALEWIFE JUVENILES | * X | X | X|X]|X Nov. True mesozooplankton feeders. Alosa pseudoharengus
ADULT X | X | X | X
LARVAL * Bay used as nursery area, spawns off
hore. Zooplankton feeder.
STRIPED ANCHOVY | Juvenies | * X | X | X | X|X]|X]|X Anchoa hepsetus
ADULT * X| X | X[ X | X]|X]|X
LARVAL Adults present in main stem and
i q ly in lower tribs. Filter feeders
ATLANTIC HERRING | JuveniLEs on phytoplankton and zooplankton. Clupea harengus
ADULT * X| X | X]|X]|X X
LARVAL * X X X X X Bay used as nursery area. Eat‘Macro
zooplankton, eventually becoming ) R
WEAKFISH JUVENILES | * X| X | X | X| X|X|X]|X piscivorous. Cynoscion regalis
ADULT X| X | X[ X | X]|X]|X
LARVAL X X X X |Use Bay as nursery area. Juveniles feed
on zooplankton eventually becoming .
SPOT JUVENILES | * X| X | X | X| X|X|X]|X piscivorous. Leiostomus xanthurus
ADULT X| X | X[ X | X]|X]|X]|X
* Valuable forage fish for piscivores.
ATLANTIC LARVAL X X X X X Prefers copepods and mysids. L L
SILVERSIDE JUVENILES | * | X | X | X | X [ X | X | X | X[ X | X|X]|X Menidia menidia
ADULT * XX | X[ X|X|X]|X|X]|X]|X|X]X
LARVAL * X X X X Rgsidel_ﬂ fish, resides in_deepwater in
ter, in shallow areas in summer. R
WHITE PERCH JUVENILES | * X| XX | X[ X|X|X|X]|X]|X]|X]|X Morone americana
ADULT XX | X[ X|X|X]|X|X]|X]|X|X]X
LARVAL * X X X Juveniles present in mainstem Apr-Oct,
but in tributaries year round. .
STRIPED BASS JUVENILES * X | X | X | X | X | X|X|X]| X]| X | X | X |anadomous spawner. Morone saxatilis
ADULT XX | X[ X|X|X]|X|X]|X]|X|X]X
LARVAL * X X Resident fish eat macro zooplankton.
YELLOW PERCH JUVENILES | * | X | X | X | X [ X | X | X | X[ X | X|X]|X Perca flavescens
ADULT * XX | X[ X|X]|X]|X|X]|X]|X|X]X
LARVAL * X X X Larvae noted to suffer heavy predation
by i zooplankton. . .
BLACK DRUM JUVENILES X | X[ X|X|X]|X|X]|X Pogonius cromis
ADULT X| X | X[ X | X]|X]|X]|X
LARVAL Spawn off gho;e in fall. Eats small to
sized cr 1S.
RED DRUM JUVENILES | * X | X | X | X| X|X|X]|X Sciaenops ocellatus
ADULT * X | X | X[ X | X ]| X]|X[|X

Data compiled from

1) Distribution and Abundances of Fishes and Invertebrates in Mid-Atlantic Estuaries, NOAA, March 1994

2) Fishes of Chesapeake Bay, Murdy, Birdsong and Musick, 1997







NOTES ON PRESENTATION OF FISH HABITAT INFORMATION

Information presented in these maps originally appeared in the documentHabitat Requirements
for Chesapeake Living Resources, 1991. This document included information on the life histories,
ecological roles, habitat requirements, and special concerns for 31 "target species" compiled and
interpreted from extensive literature by recognized experts. Please see the source document for details
on the derivation of map materials.

NOTES ON PRESENTATION OF FISH SEINE SURVEY DATA

All data from the various beach seine surveys in the Chesapeake Bay region presented in the
following maps has been converted into percent of time a species was found to be present during
sampling events. If a site was sampled 100 times during the period of record and a species was found in
50 of the 100 sampling events then the percent presence value would be 50 percent. Data from the two
MDDNR Seine surveys were taken from the 1970-2003-time period with stations visited on 50 or more
occasions being used for comparison. Data from the VIMS Seine Survey was taken from the 19701999-
time period with stations visited on 45 or more occasions being used for comparison.

MARYLAND JUVENILE STRIPED BASS SURVEY

Juvenile indices are derived annually from sampling at 22 fixed stations within Maryland's portion
of the Chesapeake Bay. Stations have been sampled continuously since 1954, with changes in some
station locations. Sites are divided among four the major spawning and nursery areas in thestate of
Maryland: the Potomac River, the Nanticoke River and the Choptank River. A 30.5-m x 1.24-m bag-less
beach seine of untreated 6.4-mm bar mesh was set by hand. One end was held on shore. The other
was fully stretched perpendicular from the beachand swept with the current. When depths of 1.6-m or
greater were encountered, the offshore end was deployed along this depth contour. An estimate of
distance from the beach to this depth was recorded. Replicate seine hauls, a minimum of thirty minutes
apart, were taken at each site on each sample round. Sampling is monthly, with rounds (sampling
excursions) occurring during July (Round 1), August (Round 1), and September (Round III).

Striped bass and selected other species were separated into 0 and 1+age groupings. Ages were
assigned from length-frequencies and verified through scale examination. Age 0 fish were measured
from a random sample of up to 30 individuals per site and round. All other finfish were identified to
species and counted. Additional data were collected at each site and sample round. These included: time
of first haul, maximum distance from shore, weather, maximum depth, surface water temperature {C),
tide stage, surface salinity (ppt), primary and secondary bottom substrates, and submerged aquatic
vegetation within the sample area (ranked by quartiles). DO, pH, conductivity, and turbidity (Secchi disk)
were added in 1997.

MARYLAND SMALL TRIBUTARY SEINE SURVEY

Each site was sampled monthly during the summer index period (July, August, and September).
This summer index period reflects the time of greatest fish species diversity and abundance in the
Chesapeake Bay due to the function of the estuary as spawning and nursery habitat for anadromous,
marine, and estuarine resident species. The summer period also represents the time when adverse
environmental effects are most evident (i.e. hypoxic events).

Sites were sampled inshore using a 30.5m X 1.2m beach seine with 6.4mm mesh. The seine was
pulled with the tide employing the quarter sweep method where one end of the seine is held on shore
while the other end is extended fully perpendicular to shore and then pulled in an arc to the beach. Two
seine hauls were conducted at each site with a half hour interval between to allow for repopulation of the
seine area. Fish from the first seine haul were held and released after completion of the second seine
haul. Fish collected on the second pass were also released after processing. In the channel adjacent to




the seine area, fish were sampled using a 3.1m otter or box trawl with 12.8-mm stretch mesh and 50.8cm
by 25.4cm doors. A single trawl was towed with the tide at two knots for five minutes.

All fish captured in the seines and trawls were identified to species, counted, and minimum and
maximum lengths were recorded for each species. Age was recorded for game species and species of
commercial importance. Scales were collected for these species when age determinations could not be
made in the field. When field identification was not possible,specimens were retained for later laboratory
evaluation. Additional data were collected at each site and sample round. These included: water
temperature, pH, dissolved oxygen, conductivity, and salinity were measured with a Hydrolab Surveyor IlI
at each site. Measurements were taken in the channel near each trawl site at bottom, mid-water and
surface depths. Water clarity was measured with a Secchi disc at each site.

VIMS SEINE SURVEY

This estimation of juvenile striped bass in Virginia waters is part of a coastwide sampling
program of striped bass recruitment conducted from New England to North Carolina under the
coordination of the ASMFC. Virginia's efforts started in 1967 and continued until 1973 when the program
was terminated due to loss of funding. It was re-instituted in 1980. Currently, this survey samples waters
from eighteen historically sampled sites (index stations) and twentytwo auxiliary sites along the shores of
the James, York and Rappahannock river systems. After 1980, additional awiliary sites were added to
provide better geographic coverage and create larger within-river-system sample sizes so that trends in
juvenile abundance can be meaningfully monitored on a system-by-system basis.

Field sampling is conducted during five approximately biweekly sampling periods from July
through mid-September. At each station, collections are made by deploying a 100 ft. (30.5 m.) long, 4 ft.
(1.22 m.) deep, 1/4 in. (0.64 cm.) bar mesh minnow seine perpendicular to the shoreline (either until he
net is fully extended or a depth of approximately four feet is encountered) and then leaving the onshore
brail in a fixed position while pulling the offshore end down current and back to the shore, resulting in the
sweeping of a quarter circle quadrant. In the case of index stations, all fish taken during the first tow are
removed from the net and held in water-filled buckets until after the second tow. All fish collected are
identified and counted, and all striped bass and all individuals or a sub sampk of at least 25 individuals of
other species are measured to the nearest millimeter fork length (or total length if appropriate). Originally,
this program used a 6 ft. x 100 ft. (2 m. x 30.5 m.) x 0.25 in. (6.4 mm.) mesh bag seine, but after
comparison tows with Maryland gear, 4 ft. x 100 ft. x 0.25 in. mesh (1.2 m. x 30.5 m. x 6.4 mm.) showed
virtually no statistical differences in catch, Virginia adopted the "Maryland seine". Atmospheric and
station data are also recorded and include: salinity, water temperature, pH, dissolved oxygen, sampling
time, tidal stage and weather conditions. All fishes captured, except those preserved for life history
studies, are returned to the water at the conclusion of sampling.
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American Shad

Alosa sapidissima

Habitat Distribution of
Spawning and Nursery Areas
in the Chesapeake Bay
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U.S. Army Corps of Enginners, Chesapeake
Bay Low Freshwater Inflow Study, "Known &
potential habitat" map, 1980, edited by R.
Klauda based on more recent information.
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American Shad

Alosa sapidissima
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All data from July, August and September Hauls Version Date 27 September 2004
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Atlantic Menhaden

Brevoortia tyrannus

Habitat Distribution of
Juveniles and Nursery Areas
in the Chesapeake Bay

m Nursery areas
m General distribution

(juveniles)

Sources: Habitat Requirements for
Chesapeake Bay Living Resources. 1991.

U.S. Army Corps of Engineers, Chesapeake
Bay Low Freshwater Inflow Study, "Known &
potential habitat" map, 1980, and A.J. Lippson,
"The Chesapeake Bay in Maryland", 1973.

Version Date 2 November 2004
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Atlantic Menhaden

Brevoortia tyrannus

Habitat Distribution of
Adults in the Chesapeake Bay

m Concentration areas
m General distribution

Sources: Habitat Requirements for
Chesapeake Bay Living Resources. 1991.

U.S. Army Corps of Engineers, Chesapeake
Bay Low Freshwater Inflow Study, "Known &
potential habitat" map, 1980, and A.J. Lippson,
"The Chesapeake Bay in Maryland", 1973.

Version Date 2 November 2004
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Bay Anchovy

Anchoa mitchilli

Habitat Distribution of
Spawning and Nursery Areas
in the Chesapeake Bay

m Spawning areas
m Nursery areas

Sources: Habitat Requirements for
Chesapeake Bay Living Resources. 1991.

U.S. Army Corps of Enginners, Chesapeake
Bay Low Freshwater Inflow Study, "Known &
potential habitat" map, 1980, edited by E.
Houde based on more recent information.

Version Date 2 November 2004




Bay Anchovy

Anchoa mitchilli

Habitat Distribution of 0
Adults in the Chesapeake Bay
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Bay Anchovy

Anchoa mitchilli

Percent of Time Target
Species Present
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Striped Bass

Morone saxatilis

Chesapeake Bay Spawning
Reaches and Spawning Rivers

m Spawning river
N\ Spawning reach

Sources: Habitat Requirements for
Chesapeake Bay Living Resources. 1991.

Legislatively defined spawning
reaches and rivers, plus additional
spawning reaches delineated by
E. Setzler-Hamilton.
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Atlantic Croaker

Micropogonias undulatus

Percent of Time Target
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CURRENT CHESAPEAKE BAY PROGRAM WATER QUALITY MONITORING STATIONS

STATION DESCRIPTION WATER_BODY
cB1.1 MOUTH OF SUSQUEHANNA RIVER; HEAD OF BAY; MID-CHANNEL CHESAPEAKE BAY
cB2.1 SOUTHWEST OF TURKEY POINT; UPPER LIMIT OF TRANSITION ZONE; MID-CHANNEL CHESAPEAKE BAY
cB2.2 WEST OF STILL POND NEAR BUOY R-34; MIDDLE OF TRANSITION ZONE; MID-CHANNEL CHESAPEAKE BAY

SOUTHEAST OF GUNPOWDER NECK BETWEEN BUOY 24A AND 24B; LOWER LIMIT OF TRANSITION ZONE;
cB3.1 MID-CHANNEL CHESAPEAKE BAY
cB3.2 NORTHWEST OF SWAN POINT NEAR BUOY R-10; LOWER ESTUARINE REACH; MID-CHANNEL CHESAPEAKE BAY
cB3.3C NORTH OF BAY BRIDGE; CHARACTERIZES MID-CHANNEL CHESAPEAKE BAY
cB3.3E NORTHEAST OF BAY BRIDGE; CHARACTERIZES EASTERN SHORE CHESAPEAKE BAY
CB33W  |[NORTHWEST OF BAY BRIDGE; CHARACTERIZES WESTERN SHORE CHESAPEAKE BAY
cBa.1C SOUTHWEST OF KENT POINT; CHARACTERIZES MID-CHANNEL CHESAPEAKE BAY
cB4.1E SOUTH OF KENT POINT; BOUNDARY BETWEEN CB4 AND EE1; RIVER CHANNEL EASTERN BAY
CB4.1W  |SOUTHEAST OF HORSESHOE POINT; CHARACTERIZES WESTERN SHORE CHESAPEAKE BAY
cB4.2C SOUTHWEST OF TILGHMAN ISLAND NEAR BUOY CR; CHARACTERIZES MID-CHANNEL CHESAPEAKE BAY
cB4.2E SOUTHWEST OF TILGHMAN ISLAND; CHARACTERIZES EASTERN SHORE CHESAPEAKE BAY
CB42W  |NORTHWEST OF PLUM POINT; CHARACTERIZES WESTERN SHORE CHESAPEAKE BAY
cB4.3C EAST OF DARES BEACH NEAR BUOY R-64; CHARACTERIZES MID-CHANNEL CHESAPEAKE BAY
cB4.3E MOUTH OF CHOPTANK RIVER; BOUNDARY BETWEEN CB4 AND EE2 CHESAPEAKE BAY
CB43W  |EAST OF DARES BEACH; CHARACTERIZES WESTERN SHORE CHESAPEAKE BAY
CB4.4 NORTHEAST OF COVE POINT; MID-CHANNEL CHESAPEAKE BAY
cBS5.1 EAST OF CEDAR POINT AND PR BUOY; MID-CHANNEL CHESAPEAKE BAY
CBS.1W  [MID-CHANNEL BETWEEN CEDAR POINT AND COVE POINT; CHARACTERIZES LOWER ESTUARINE CHESAPEAKE BAY
cB5.2 EAST OF POINT NO POINT; MID-CHANNEL CHESAPEAKE BAY
NORTHEAST OF SMITH POINT AT VIRGINIA STATE LINE; MID-CHANNEL; OVERLAP STATION WITH
cB5.3 VIRGINIA CHESAPEAKE BAY
cB5.4 CENTRAL CHESAPEAKE BAY (DEEP MAIN CHANNEL) CHESAPEAKE BAY
CBS.4W  |CENTRAL CHESAPEAKE BAY AT THE MOUTH OF THE GREAT WICOMICO RIVER CHESAPEAKE BAY
cB5.5 CENTRAL CHESAPEAKE BAY (MAIN CHANNEL) CHESAPEAKE BAY
LOWER WEST CENTRAL CHESAPEAKE BAY (MAIN CHANNEL OFF LOWER END OF THE RAPPAHANNOCK
cB6.1 RIVER) CHESAPEAKE BAY
cB6.2 LOWER WEST CENTRAL CHESAPEAKE BAY CHESAPEAKE BAY
CB6.3 LOWER WEST CENTRAL CHESAPEAKE BAY (WOLFTRAP) CHESAPEAKE BAY
CB6.4 CENTRAL CHESAPEAKE BAY OFFSHORE FROM MOUTH OF YORK RIVER CHESAPEAKE BAY
cB7.1 LOWER EAST CENTRAL CHESAPEAKE BAY (EASTERN SHORE CHANNEL) CHESAPEAKE BAY
cB7.1N LOWER EAST CENTRAL CHESAPEAKE BAY (TANGIER SOUND CHANNEL) CHESAPEAKE BAY
cB7.1s LOWER EAST CENTRAL CHESAPEAKE BAY (EASTERN SHORE CHANNEL) CHESAPEAKE BAY
cB7.2 LOWER EAST CENTRAL CHESAPEAKE BAY (EASTERN SHORE CHANNEL) CHESAPEAKE BAY
cB7.2E LOWER EAST CENTRAL CHESAPEAKE BAY (EASTERN SHORE, SIDE CHANNEL) CHESAPEAKE BAY
cB7.3 MAINSTEM YORK SPIT CHANNEL CHESAPEAKE BAY
cB7.3E LOWER EASTERN SHORE CHANNEL AREA CHESAPEAKE BAY
cB7.4 BALTIMORE CHANNEL AT THE BAY BRIDGE/TUNNEL CHESAPEAKE BAY
CB7.4N NORTH CHANNEL AT THE BAY BRIDGE/TUNNEL CHESAPEAKE BAY
CB8.1 BETWEEN JAMES RIVER MOUTH AND THIMBLE SHOALS CHANNEL CHESAPEAKE BAY
cBs.1E THIMBLE SHOALS CHANNEL AT BAY BRIDGE/TUNNEL CHESAPEAKE BAY
EASTERN BAY BETWEEN TILGHMAN POINT AND PARSONS ISLAND, NORTH OF BUOY R-4;
EEL1 CHARACTERIZES EMBAYMENT EASTERN BAY
CHOPTANK EMBAYMENT BETWEEN TODDS POINT AND NELSON POINT; MIDWAY BETWEEN BUOY
EE2.1 BWN63B AND R-12 CHOPTANK RIVER
LITTLE CHOPTANK RIVER MID-CHANNEL WEST OF RAGGED POINT, WEST OF BUOY FIG-"3";
EE22 CHARACTERIZES EMBAYMENT LITTLE CHOPTANK RIVER
EE3.0 FISHING BAY AT DAYMARK 3, WEST OF ROASTING EAR POINT; CHARACTERIZES EMBAYMENT FISHING BAY
NORTH TANGIER SOUND, NORTHWEST OF HAINES POINT, 100 YARDS NORTH OF BUOY R-16;
EE3.1 CHARACTERIZES EMBAYMENT TANGIER SOUND
SOUTH TANGIER SOUND, MID-CHANNEL; EAST OF SMITH ISLAND, 500 YARDS NNW OF BUOY R-8;
EE3.2 CHARACTERIZES EMBAYMENT TANGIER SOUND
POCOMOKE SOUND, MID-CHANNEL NEAR BUOY W-"A" PLACE; STATE LINE; CHARACTERIZES
EE33 EMBAYMENT POCOMOKE SOUND
EE34 POCOMOKE SOUND NORTHWEST OF LONG POINT POCOMOKE SOUND
EE35 CHESAPEAKE BAY SOUTHEAST OF TANGIER ISLAND CHESAPEAKE BAY
ET1.1 NORTHEAST RIVER AT BUOY F1R-12 OFF HANCE POINT; MID-CHANNEL; TIDAL FRESH WATER STATION |NORTHEAST RIVER
UPPER POCOMAKE RIVER NEAR ALTERNATE ROUTE 13 BRIDGE AT POCOMAKE CITY; TIDAL FRESH
ET10.1 WATER STATION POCOMOKE RIVER
ET2.1 BACK CREEK NEAR ROUTE 213 BRIDGE AT CHESAPEAKE BAY; TIDAL FRESH WATER STATION BACK CREEK
ET2.2 BOHEMIA RIVER OFF OLD HACK POINT AT BUOY F1R-4; MID-CHANNEL; TIDAL FRESH WATER STATION ~ [BOHEMIA RIVER
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CURRENT CHESAPEAKE BAY PROGRAM WATER QUALITY MONITORING STATIONS

STATION DESCRIPTION WATER_BODY

ET2:3 ELK RIVER, SOUTHEAST OF OLDFIELD POINT AT B-15; MID-CHANNEL; TIDAL FRESH WATER STATION ~ |ELK RIVER

ET3.1 SASSAFRAS RIVER NEAR ROUTE 213 BRIDGE; TIDAL FRESH WATER STATION SASSAFRAS RIVER

ETa.1 CHESTER RIVER AT CRUMPTON NEAR ROUTE 290 BRIDGE; TIDAL FRESH WATER STATION CHESTER RIVER
LOWER CHESTER RIVER, SOUTH OF EASTERN NECK ISLAND AT BUOY FIG-9; CHARACTERIZES LOWER

ET4.2 ESTUARINE CHESTER RIVER
UPPER CHOPTANK RIVER AT GANEY WHARF, DOWNSTREAM OF CONFLUENCE; TUCKAHOE CIRCLE;

ET5.1 TIDAL FRESH WATER STATION CHOPTANK RIVER
LOWER CHOPTANK RIVER NEAR ROUTE 50 BRIDGE AT CAMBRIDGE; CHARACTERIZES LOWER

ET5.2 ESTUARINE CHOPTANK RIVER
UPPER NANTICOKE RIVER NEAR ROUTE 313 BRIDGE AT SHARPTOWN; MID-CHANNEL; TIDAL FRESH

ET6.1 WATER STATION NANTICOKE RIVER

ET6.2 LOWER NANTICOKE RIVER; MID-CHANNEL NEAR BUOY FIG-11; CHARACTERIZES LOWER ESTUARINE  |NANTICOKE RIVER
LOWER WICOMICO RIVER AT WHITEHEAVEN OFF OF FERRY ROAD; CHARACTERIZES LOWER

ET7.1 ESTUARINE WICOMICO RIVER

ET8.1 MANOKIN RIVER AT UPPER EXTENT OF CHANNEL NEAR BUOY R-8; CHARACTERIZES LOWER ESTUARINE MANOKIN RIVER
BIG ANNEMESSEX RIVER, NORTHWEST OF LONG POINT; 250 YARDS EAST OF DAY BEACON G-5;

ETo.1 CHARACTERIZES LOWER ESTUARINE BIG ANNEMESSEX RIVER
MID-CHANNEL; SSW OF JACK BAY SANDSPIT AND NORTHEAST OF SANDGATES; CHARACTERIZES

LE11 LOWER ESTUARINE PATUXENT RIVER

LE12 MID-CHANNEL 1600 METERS; SOUTHWEST OF PATERSONS POINT; CHARACTERIZES LOWER ESTUARINE|PATUXENT RIVER
MID-CHANNEL 1200 METERS DUE NORTH OF POINT PATIENCE; ENE OF HALF PONE POINT;

LE13 CHARACTERIZES LOWER ESTUARINE PATUXENT RIVER

LE14 MID-CHANNEL BETWEEN DRUM POINT AND FISHING POINT; CHARACTERIZES LOWER ESTUARINE PATUXENT RIVER

LE22 POTOMAC RIVER OFF RAGGED POINT AT BUOY 51B; LOWER ESTUARINE ZONE POTOMAC RIVER

LE23 MOUTH OF POTOMAC RIVER; BOUNDARY BETWEEN CB5 AND LE2; RIVER CHANNEL POTOMAC RIVER

LE3.1 VIMS SLACK WATER, BUOY #11 RAPPAHANNOCK RIVER

LE3.2 LONG POINT UPSTREAM OF BUOY #R8 RAPPAHANNOCK RIVER

LE33 CORROTOMAN RIVER, BUOY #R6 CORROTOMAN RIVER

LE34 ORCHARD PT, VIMS SLACK WATER RAPPAHANNOCK RIVER

LE36 MOUTH OF THE RAPPAHANNOCK RIVER RAPPAHANNOCK RIVER

LE37 MOUTH OF THE PIANKATANK RIVER PIANKATANK RIVER

LE4.1 VIMS SLACK WATER, #N44 YORK RIVER

LE4.2 VIMS SLACK WATER, #N34 YORK RIVER

LE43 YORK RIVER BETWEEN AMOCO AND SARAH CREEKS YORK RIVER

LES.1 VIMS SLACK WATER, RED BUOY #36 JAMES RIVER

LE5.2 BUOY #C12-13 JAMES RIVER

LES:3 NH-15 JAMES RIVER BRIDGE, VIMS JAMES RIVER

LES.4 BUOY #9, HAMPTON ROADS, VIMS JAMES RIVER

LES5 MOUTH OF THE JAMES RIVER JAMES RIVER

LES6 RED BUOY #18 ELIZABETH RIVER

RET1.1 MID-CHANNEL, 5000 METERS ENE OF LONG POINT; CHARACTERIZES TRANSITION ZONE PATUXENT RIVER

RET2.1 BUOY 27 SOUTHWEST OF SMITH POINT; CHARACTERIZES TRANSITION ZONE POTOMAC RIVER

RET2.2 BOUY 19 MID-CHANNEL OFF MARYLAND POINT; CHARACTERIZES TRANSITION ZONE POTOMAC RIVER

RET2.4 MID-CHANNEL AT MORGANTOWN BRIDGE (U.S. ROUTE 301); CHARACTERIZES LOWER ESTUARINE POTOMAC RIVER

RET3.1 RAPPAHANNOCK RIVER NORTH OF BUOY R10, VIMS SLACK RAPPAHANNOCK RIVER

RET3.2 RAPPAHANNOCK RIVER (VIMS SLACK WATER #N16) RAPPAHANNOCK RIVER

RET4.1 PAMUNKEY RIVER AT SOUTHERN END OF LEE MARSH PAMUNKEY RIVER

RET4.2 MATTAPONI RIVER AT MUDDY POINT MATTAPONI RIVER

RET4.3 YORK RIVER (VIMS SLACK WATER #C57) YORK RIVER

RET5.1IA  |CHICKAHOMINY RIVER ABOVE SHIPYARD LANDING CHICKAHOMINY RIVER

RET5.2 SWANN'S POINT, JAMES RIVER WQMP STA#19 JAMES RIVER

sBE2 SOUTHERN BRANCH ELIZABETH RIVER - ADJACENT TO ATLANTIC WOOD SOUTHERN BRANCH ELIZABETH RIVER

sBES SOUTHERN BRANCH ELIZABETH RIVER - ADJACENT TO VIRGINIA POWER SOUTHERN BRANCH ELIZABETH RIVER
FROM UPSTREAM SIDE OF THE MD ROUTE 50 BRIDGE; USGS GAGE NO. 59440; CHARACTERIZES TIDAL

TF1.0 FRESH ZONE PATUXENT RIVER

TF1.2 MIDSTREAM AT WATER STREET IN UPPER MARLBORO; CHARACTERIZES TIDAL FRESH ZONE WESTERN BRANCH
MID-CHANNEL FROM MD ROUTE 4 BRIDGE NEAR WAYSONS CORNER; CHARACTERIZES TIDAL FRESH

TF1.3 ZONE PATUXENT RIVER
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CURRENT CHESAPEAKE BAY PROGRAM WATER QUALITY MONITORING STATIONS

STATION DESCRIPTION WATER_BODY

TF1.4 WEST SHORE FROM MAIN PIER AT JACKSON LANDING; CHARACTERIZES TIDAL FRESH ZONE PATUXENT RIVER

TFL15 MID-CHANNEL AT NOTTINGHAM; CHARACTERIZES TIDAL FRESH ZONE PATUXENT RIVER

TFL.6 MID-CHANNEL OFF WHARF AT LOWER MARLBORO; CHARACTERIZES TRANSITION ZONE PATUXENT RIVER
MID-CHANNEL ON A TRANSSECT OF APPROXIMATE 115 DEGREE FROM JACK'S CREEK;

TFL1.7 CHARACTERIZES TRANSITION ZONE PATUXENT RIVER

TF2.1 AT FL BOUY 77 OFF MOUTH OF PISCATAWAY CREEK; CHARACTERIZES TIDAL FRESH ZONE POTOMAC RIVER

TF2.2 BOUY 67 OFF MOUTH OF PISCATAWAY CREEK; CHARACTERIZES TIDAL FRESH ZONE POTOMAC RIVER

TF2.3 BOUY N 54 MID-CHANNEL OFF INDIANHEAD; CHARACTERIZES TIDAL FRESH ZONE POTOMAC RIVER
BOUY 44 BETWEEN POSSUM POINT AND MOSS POINT; CHARACTERIZES TIDAL FRESH/TRANSITION

TF2.4 ZONE POTOMAC RIVER

TF3.1B RAPPAHANNOCK RIVER DOWNSTREAM OF FREDERICKSBURG, VA AT BUOY # 89 RAPPAHANNOCK RIVER

TF3.1E RAPPAHANNOCK RIVER NEAR FREDERICKSBURG, VA? RAPPAHANNOCK RIVER

TF3.2 RAPPAHANNOCK RIVER JUST DOWNSTREAM OF THE PORT ROYAL BRIDGE, #N74 RAPPAHANNOCK RIVER

TF3.2A RAPPAHANNOCK RIVER ONE MILE DOWNSTREAM OF THE PORT ROYAL BRIDGE RAPPAHANNOCK RIVER

TF3.3 RAPPAHANNOCK RIVER AT JONES CREEK? (VIMS SLACK WATER #N40) RAPPAHANNOCK RIVER

TF4.2 PAMUNKEY RIVER AT WHITE HOUSE, VA PAMUNKEY RIVER

TF4.4 MATTAPONI RIVER AT WALKERTON, VA MATTAPONI RIVER

TF5.2 JAMES RIVER AT MAYO'S BRIDGE (JRWQMP STATION #2) JAMES RIVER

TF5.2A JAMES RIVER AT BUOY # 166 JAMES RIVER

TF5.3 JAMES RIVER AT BUOY #157 (JRWQMP STATION #8) JAMES RIVER

TF5.4 APPOMATTOX RIVER AT BUOY #8 (JRWQMP STATION #20A) APPOMATTOX RIVER

TF5.5 JAMES RIVER AT RED BUOY #107 (JRWQMP STATION #13) JAMES RIVER

TF5.5A JAMES RIVER AT BUOY # 91 JAMES RIVER

TF5.6 JAMES RIVER NORTH OF BUOY #74, JAMES RIVER WQMP STATION #17 JAMES RIVER

WE4.1 CENTRAL MOBJACK BAY MOBJACK BAY

E4.2 MOUTH OF THE YORK RIVER, MID-CHANNEL YORK RIVER
E43 MOUTH OF THE POQUOSON RIVER EAST OF YORK POINT POQUOSON RIVER

\WE4.4 MOUTH OF THE BACK RIVER OFF NORTHEND POINT BACK RIVER (VA)

WT1.1 BUSH RIVER, EAST OF GUM POINT AT FL G LT; CHARACTERIZES SALINITY TRANSITION BUSH RIVER
GUNPOWDER RIVER, 200 YARDS EAST OF OLIVER POINT AT BUOY G-"15"; CHARACTERIZES SALINITY

WT2.1 TRANSITION GUNPOWDER RIVER
MIDDLE RIVER, EAST OF WILSON POINT AT CHANNEL JUNCTION DAY-MARKER; CHARACTERIZES

WT3.1 SALINITY TRANSITION MIDDLE RIVER

WT4.1 BACK RIVER, EAST OF STANSBURY POINT AT DAY BEACON 12; CHARACTERIZES LOWER ESTUARINE  |BACK RIVER (MD)

WT5.1 PATAPSCO RIVER, EAST OF HAWKINS POINT AT BUOY 5M; CHARACTERIZES LOWER ESTUARINE PATAPSCO RIVER
MAGOTHY RIVER, NORTH OF SOUTH FERRY POINT AT BUOY FL R12; CHARACTERIZES LOWER

WT6.1 ESTUARINE MAGOTHY RIVER

WT7.1 SEVERN RIVER, 200 YARDS UPSTREAM OF ROUTE 50-301 BRIDGE; CHARACTERIZES LOWER ESTUARINE |SEVERN RIVER

WTs.1 SOUTH RIVER, SOUTH OF POPLAR POINT AT DAY MARKER R-"16"; CHARACTERIZES LOWER ESTUARINE |SOUTH RIVER

WTs.2 RHODE RIVER BETWEEN FLAT ISLAND AND BIG ISLAND; CHARACTERIZES LOWER ESTUARINE RHODE RIVER

WT8.3 WEST RIVER JUST UPSTREAM OF DAY MARKER R-"6"; CHARACTERIZES LOWER ESTUARINE WEST RIVER
KENT ISLAND NARROW AT DRAWSPAN ON ROUTE 50 BRIDGE; CHARACTERIZES FREE-FLOWING

XGG8251  [FRESHWATER CHESTER RIVER
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Average Interpolated Summer Salinities
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