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1. Purpose and Scope

The Lower Eastern Shore Tributary Summary outlines change oveadougding toa suite of

monitored tidal water quality parameters and associated potential drivers of those trends for the period
1985¢ 2023, and provides a brief description of the current state of knowledge explaining these
observed change®Vater quality parameters described include surféabove pycnoclingptal nitrogen

(TN), surface total phosphorus (T8)rface water temperature (WTEMBpring(March-May)and
summer(JulySeptemberpurface chlorophyt, summer bottom(below pycnoclineflissolved oxygen

(DO) concentrations, and Secchi disk depth (a measure of water clarity). Results for annual bottom TP,
bottom TN, surface orthghosphate (P, surface dissolved inorganic nitrogen (DIN), surface total
suspended solids (TSS), and summer surface DO concentrations are provided in an A @xrs
discussed include physiographic watershed characteristics, chan@isTR, and sediment loads from

the watershed to tidal waters, expected effects of changing land use, and implementation of nutrient
management and natural resource conservation practices. Factors internal to estuarine waters that also
play a role as drivers @amdescribed including biogeochemical processes, physical forces such as wind
driven mixing of the water columand increase in rainfall intensity and volupaad biological factors

such as phytoplankton biomass and the presence of submersed aquatic vegetation. Continuing to track
water quality response and investigating these influencing factors are important steps to understanding
water quality patterns and changes in the Lower East&nore The intended audiences for this report
include, but are not limited to, 1) technical managers within jurisdictishe use tidal water quality to
inform management decision?) local watershed organizations that are trying to understinaedge

andyses and working to connect them to their local aresdn}l 3) federal, state, and academic
researchers. Figure 1 presents a conceptual model highlighting theseled audiencesthe Tributary
Summary documentare sources of readily availableackground for change over time in tidal water

guality observed with monitoring datd heyhelp answer questions related to water quality, show how
landscape factors driwwater-quality changes over time, provide support for managemerisions

that may alter water quality trends and living resources conditions, and highlight where there may be
information or knowledge gaps.
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Figure 1: Conceptual model detailing different levels of information density and information synthesis.
The intended audiences for theributary Summary denoted by the blue box. Figure courtesy of the



University of Maryland Center for Environmental Science Integratim Application Network
(https://ian.umces.edu/https://ian.umces.edy/

2. Location

The Lower Eastern Shore watershed is the sixth lagydstatershed in the Chesapeake Bay drainage
basin covering rouply 2.3% of the Chesapeake Bay Watersheslwatershed is approximately 29
knm? (Table 1)nd spans three states, Delaware, Maryland, and Virginia (FRyLv&jor tributaries to
the Lower Eastern Shore incluthe Nanticoke, Manokin, WicomicBjg Annemessex, and Pocomoke
Rivers, and the Tangier Sound.

Table 1. Watershed areas, which includes tidal wetland area, for each of the 12 tributary or tributary
groups for which Tributary Summaries have been produced. Data are from the Chesapeake Assessment
Scenario Tool (CAST,;
https://cast.chesapeakebay.net/About/UpgradeHistoryhttps://cast.chesapeakebay.net/About/Upgrade
History, version Phase §7.6.0). Each of the tributary summaries can be accessed at the following link:
https://cast.chesapeakebay.net/Home/TMDL Tracking#tributaryRptsSection



https://ian.umces.edu/
https://cast.chesapeakebay.net/About/UpgradeHistory
https://cast.chesapeakebay.net/About/UpgradeHistory
https://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSection

Tributary Tributary Area (kmz)

Virginia Mainstem 165,397
Maryland Mainstem 119,759
Potomac 37457
James 31,147
York 12,530
Lower Eastern Shore 9,022
Rappahannock 6,729
Maryland Upper Eastern Shore 2,647
Patuxent 2,476
Choptank 1,845
Patapsco-Back 1,647
Maryland Upper Western Shore 1,523
Maryland Lower Western Shore 439

Source: Data are from the Chesapeake Assessment Scenario Tool (CAST)

2.1 Watershed Physiography

The Lower Eastern Shore watershed is entirely located in the Coastal Plain region2Fighie
physiography covers lowland, dissected upland, and upland areas. Implications of these physiographies
for nutrient and sediment transport are summarized in Sectdnl.
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Figure2. Distribution of physiography in the Lower Eastern Shore waters$tenivn indarkorange
bottom right ofthe inset map Base map credit Chesapeake Bay Program, www.chesapeakebay.net,
North American Datum 1988lydrogeomorphic region data creédd Brakebill and Kelley, 2023.

2.2 Land Use

Land use in the Lower Eastern Shore watershed is dominated (52%) by natural areas. Urban and
suburban land areas have increased by 205 square kilometers since 1985, agricultural lands have
decreased by 216 square kilometers, and natural lands have incregs@ square kilometers.
Correspondingly, the proportion of urban land in this watershed has increased from 8% in 1985 to 13%
in 2023 (Figur®). Sinceahe 1970s, urban areas have expanded into previously natural and agricultural
landscapes (Figure 4)he impacts of land development differ depending on the use from which the



land is convertedeismaret al., 2019 Ator et al., 2020Q. Implications of changing land use for nutrient
and sediment transport are summarized in Section 5.1.3.

Lower Eastern Shore

4,000-
2248 2,243 2,256
(0%) (0%)
& 3,000-
)
©
£
o
=~
o natural
g developed
§2,000- 363 523 568 . agriculture
z (44%) (57%)
©
c
3
1,000 -
0 -

1985 2009 2023
CAST Model Year

Figure3. Distribution of land uses in the Lower Eastern Shore watershed. Percentages are the percent
change from 1985 for each source seciata are from the Chesapeake Assessment Scenario Tool
(CAST2023.

In generalprior to 1980,developed landsvithin the Lower Eastern Shoveere mainly located around
Salisbury municipality areshich held23.89% otontiguouslydeveloped and serdeveloped areas.
Smaller developed pockets were also present around Seaford and Laur8inB&1980, most
development has occurred around Salisbury (Figurevith less concentrated development occurring
aroundthe other areas (Figurd). Implications of changing land use for nutrient and sediment transport
are summarized in Sectidnl.3.
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Figured4. Distribution of developed land in the Lower Eastern Shore waterstexivn in dark orange on
the inset map Derived from Falcone (2015). Base map credit Chesapeake Bay Program,
www.chesapeakebay.net, North American Datum 1983.

2.3 Tidal Waters and Stations

For the purposes of water quality standards assessment and reporting, the tidal waters associated with
the Lower Eastern Shore Tributaries are divided into 15 sgiinents across three states (USEPA,

2004). The Tidal Fresh Nanticoke River is split between Delaware (NANTF_DE) and Maryland
(NANTF_MD). Other segments in Maryland include Mesohaline Fishing Bay (FSBMH), Oligohaline and
Mesohaline Nanticoke River (NANOMNMH), Mesohaline Wicomico River (WICMH), Manokin River



(MANMH), and Big Annemessex River (BIGMH); the Tidal Fresh, Oligohaline and Mesohaline Pocomoke
River (POCTF, POCOH_MD, POCMH_MD); and the Maryland portion of the Mesohaline Tangier Sound
(TANMH_MD). Segments in Virginia include Oligohaline and MesoPRalimenoke River (POCOH_VA,
POCMH_VA) and the Virginia portion of the Mesohaline Tangier Sound (TANMH_VA).
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Figureb. Map of tidal Lower Eastern Shore River segments andtengmonitoring stations. Base map
credit Esri, HERE, Garmin, (c) OpenStreetMap contributors, and the GIS user community, World
Geodetic System 1984.

Longterm trends in water quality are analyzed by bdtte MarylandDepartment of Natural Resources
andthe VirginiaDepartment of Environmental Quality at 11 stations throughout these tributaries
(Figureb). Water quality data at these stations are also used to assess attainmBP@ ofater quality



criteria. All tidal water quality data analyzed for this report are available from the Chesapeake Bay
Program Data HulOhesapeake Bay Program, 2DpZ3ther shallowwater monitoring has been
conducted in thesevaters,but it is notincluded in the londgerm trend graphics in subsequent sections
because of its shorter duratiofror additional information please refer ddaryland Department of
Natural Resources Eyes on the BBQTB) websittMDNR, 2025and theChesapeake Monitoring
Cooperative (CMC) Data Explo(€MC, 2025)which together serve up much of the extensive
additional monitoring data that has been collected in the MD mainstem. Those observations are not
included in subsequent trend graphiich focus on the longerm monitoring at fixed stations.

3. Tidal Water Quality Status

The Lower Eastern Shore provides a direct example of the relevance délomgvater quality

monitoring and the evaluation of loAgrm trends relative to environmental management goals.

Multiple water quality standards were developed for the tidal watef€hesapeake Bay to protect
aquatic living resourcedJ(S. Environmental Protection Agency, 200@ngo and Batiuk, 201.3These
standards include specific criteria for DO, chlorophylnd water clarity/underwater bay grassés.

record of the evaluation results indicating whether different segments of this system have attained DO
criteria over time Zhang et al., 2018&hang et al., 2018lernandez Cordero et al., 202ére shown

below (Figures). These results provide context for the importance of understanding water quality
trends and the underlying drivers. More specifically, trends in the water quality parameters summarized
in this report directly affect environmental management goals impleted by stakeholders within the
watershed. For more information on water quality standards, criteria, and standards attainment, visit
0KS /.t Q& a/ KSal LIS mivbchasdd@pNdiesseomg SoaAasS G

Attainment deficit is an approach used to document whether a particular criterion is met in a certain
period, and if not, how far the segment is from meeting it. If the attainment deficit was zero, the
criterion was fully meta negative attainment deficindicates how far the segment and designated use
was from meeting the criterion during that period. The graphics in Fi§gst®w that the Open Water
(OW) criterion was at or near zero from the start of monitoring to the most recent assessment period
coveed by this report (2022022) in eight segments, namely, BIGMH, FSBMH, MANMH, NANMH,
POCMH_MD, POCMH_VA, TANMH_MD, and TANMHh dbitrast, the other segments showed a high
degree of variability with four segments (NANOH, NANTF_DE, NANTF_MD, WICMH) attaining the
criterion in some assessment periods and three segments (POCOH_MD, POCOH_VA, POCTF) never
achieving that status. Notablyivé segments (NANOH, NANTF_DE, NANTF_MD, POCOH_MD,
POCOH_VA) consistently reached their minimum values of attainment éefiahd the 20012003
assessment period and then recovered to levels at or close to full attainment in the most recent
assessment period. MarARendall trend resultfor 1985¢ 2022indicated four statistically significant
trends in OWDO, i.e., longerm improvements in POCOH_MD and POCOH_VA anddongleclines

in POCTF and WICMH (FigbreThe 3@day mean OW summer DO criterion status is mixed in this
region, with some segments meeting the criterion and some Maist of the stations show no long

term trend in surface DO. This example shows the importance of establishing criteria and monitoring
water quality conditions relative to established goals for thoseeria. It also demonstrates the
relevance of trend results in relation to criteria assessments.


https://eyesonthebay.dnr.maryland.gov/
https://eyesonthebay.dnr.maryland.gov/
https://www.chesapeakemonitoringcoop.org/services/chesapeake-data-explorer/
https://www.chesapeakemonitoringcoop.org/services/chesapeake-data-explorer/
http://www.chesapeakeprogress.com/
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Comparing trends in statielevel DO concentrations to the computed DO criterion status for a recent
assessment period can reveal whether progress is being made towards attainment in a segment that is



not meeting the water quality criteria, or conversglye possibility that conditions are degrading even if
the criteria are currently being met. To illustrate this, th&@@022 attainment status for the OW
summer DO criteribased on passed/failed assessment averlain with the 19882022 change in
summer surface DO concentration (Figiédjeln this region, a distinct spatial pattern appeavgh the
more upstream segments in the Nanticoke, Wicomico, and Pocomoke Rivers not meetingdiue 30
mean OW summer DO criterion and having degrading oxygen concentrations. All other mesohaline
segments, including Fishing Bay, Tangier Sound, ManogiArBemessex, and mesohaline Pocomoke
segments, are meeting the criterion ahdveimproving or no trend in oxygen.
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Figure7. Pasdail DO criterion status for 3@ay OW summer DO designated use in Lower Eastern Shore
segments along with lontgrm trends in DO concentrations. Base map credit Chesapeake Bay Program,
www.chesapeakebay.ngNorth American Datum 1983.




4. Tidal Water Quality Trends

Tidal water quality trendsvere computed by fitting generalized additive models (GAMS) to the water
guality observations that have been collected one or two times per month since the 1980s at the 11
Lower Eastern Shore tidal stations labeled in Figuféor more details on the GAM implementation that
is applied each year by MD Department of Natural Resources and VA Department of Environmental
Quality for these stations in collaboration with the Chesapeake Bay Proggganto Murphy et al.

(2019.

Results shown below in each set of maps (Figliaclude those generated using two different GAM fits

to each statiosparameter combination. The first approach involves fitting a GAM to the raw

observations to generate a mean estimate of change over time, as observed in the estuary. The second
approachinvolves including monitored river flow or situsalinity (as an aggregated measure of

multiple river flows) in the GAM to explain some of the variation in the water quality parameter. From
theresultsofi KA &4 &SO2yR | LILINRIF OKZ A RRIZAIDIBREA OKS yES S BDEA
which gives a mean estimate of what the water quality parameter trend would have baeerdge

river flows had beernobservedover the period of record. Note that depending on station and

parameter, gaged river flowr salinityis usedfor this adjustment, but we refer to all these results as
GFH2RR2dza G SRe FT2NJ aAYLIX AOAGeE O

To determine if there has been a change over time (i.e., a trend) at a partstatenm for a given
parameter, we compute a percent change between the estimates at the beginningnaholf a period
of interest.For eactprecent changeomputation, the level of statisticalgnificances computedand
indicated on the maps. Change is called significant if p < 0.05 and possible-fah& s up to 0.25.
That upper limit is higher than usually reported for statistical tests but allows us to provideea mor
complete picture of the results, identifying locations where change might be starting to occeoalti
be further investigated furphy et al., 2019 In addition to the maps of trends, for each parameter,
there is a set of graphs (e.g., Fig@)ehat include the raw observations (dots on the graphs) and lines
representing the mean annual or seasonal GAM estimates, withoutdtustment.Each set of graphs
corresponds to the top left map of the preceding figure, showing-tengn data without flow
adjustment, grouped by segments designated in Figunehb.flowadjusted GAM line graphs are not
shownso that figures better represent what living resources (e.g., fish species, SAV, blue crabs)
experience

To view tidal water quality trends across the Chesapeake Bay watershed and compare trends between
tributaries, please refer to the Integrated Trends Analysis Team project webipaggrated Trends

Analysis Team Projedi€BP, 2025Y 0 view an interactive map of tidal water quality trends across the
Chesapeake Bay watershed and compare mean parameter measurements between tributaries, please
visit thebaytrendsmap interactive toqChesapeake Bay Programd U.S. Geological Survey,)n.d

4.1 Surface Total Nitrogen

Annual total nitrogen (TN) trendgeimproving at most of the Lower Eastern Shore stations over the
longterm, with and without flowadjustment (Figur®). Station ET6,1n the Nanticoke River stas@dut
in this region as havingpssible degradingndno trends in TNin the flow-adjusted anchon-flow-
adjusted respectively Over the shorterm, most of the stationgre possibly or significantly improving,
with ET6.1, ET3.2, EI%howing an unlikely trenfdr non-flow-adjusted,and ET3.3howing an unlikely
trend for the flow-adjusted(Figure 8).


https://www.chesapeakebay.net/who/projects-archive/integrated-trends-analysis-team
https://www.chesapeakebay.net/who/projects-archive/integrated-trends-analysis-team
https://baytrends.chesapeakebay.net/baytrendsmap/

Lower Eastern Shore: Annual Trends for Surface Total Nitrogen
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Figure8. Qurface TN trendss calculated using Generalized Additive Modelsrphy et al. 2019 Base
map credit Chesapeake Bay Programyw.chesapeakebay.neNorth American Datum 198B8or more
information on the tidal stations and Chesapeake Bay tidal water quality monitoring, refer to
https://www.chesapeakebay.net/what/programs/qualigssurance/tidalvater-quality-monitoring

The TN mean annual GAM estimates fluctuate yteagrear (Figure®), likely due to variability in

freshwater flow. The two tidal fresh stations in this group (ET6.1 and ETa6dlWWO014have higher

TN concentrations than the remaining mesohaline stations (Figu@ther longterm trends are

difficult to discern, likely because of a method change in 1998 that caused a shift in the data values.
Vertical blue dotted lines represent this laboratory and method change (May 1, 1998) that was tested
for its impact on data values. A statistical intervention test within the GAM models showed that these
changes were significant at most stations. This is evident by the vertical jump in the mean annual GAM


https://www.chesapeakebay.net/what/programs/quality-assurance/tidal-water-quality-monitoring

estimates shown with the lines. With this technique, we can estimate-ternrg change after accounting
for the artificial jump from the method chang®(rphy et al., 2018 Each station (with the exception of
ET6.1) shows significant improvemerstindicated byhe downward trendfor each of the plotted lines
especiallyin the shortterm.

Annual Surface Total Nitrogen Data and Average Predictions
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Figure9. Surface TN data (dots) and average ergn pattern generated from noflow adjusted
Generalized Additive ModelSAMS. Colored dots represent data corresponding to the monitoring
station indicated in the legend; colored lines represent mean annual GAM estimates for the noted
monitoring stations. Vertical blue dotted lin@glthChg)represent timing of changes in laboratory
and/or sampling methods.



4.2 Surface Total Phosphorus

Surface total phosphorus (TP) trends are improvingast stations over the longerm, both with and
without flow adjustment (Figurd.0). EE3.4 shows only a possible improvenmentflow-adjustedtrends
However, shorterm flow-adjusted trends show a mix of Apend, possibly degrading and degrading
conditions (Figure 10).

Lower Eastern Shore: Annual Trends for Surface Total Phosphorus
Long Term: 1985-2023 Long Term: Flow-adjusted 1985-2023
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Figurel0. Surface TP trendsscalculated using Generalized Additive Mod&isifphy et al. 2019 Base
map credit Chesapeake Bay Programiv.chesapeakebay.neNorth American Datum 19880or more
information on the tidal stations and Chesapeake Bay tidal water quality monitoring, refer to
https://www.chesapeakebay.net/what/programs/qualitgssurance/tidalvater-quality-monitoring



https://www.chesapeakebay.net/what/programs/quality-assurance/tidal-water-quality-monitoring

The longterm improvements at most of the Lower Eastern Shore stations are evident in the data values
and mean annual GAM estimates (Figli¢. Many of the decreases are in the first decade of the

record and concentrations levadut in the second half of the record. The upswirgm 2010 to 2020
hasbegunto taper downwardver the past three year®r stations within the bay, while stations

closer to tidal freshwater are showing more consistent concentrations.

Annual Surface Total Phosphorus Data and Average Predictions
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Figurell. Surface TP data (dots) and average {tmmm pattern generated from noflow adjusted
GAMs.Colored dots represent data corresponding to the monitoring station indicated in the legend;
colored lines represent mean annual GAM estimates for the noted monitoring stations.



4.3 Surface Chlorophwi Spring (MarciMay)

Trends for chlorophyH are split into spring and summer to analyze chloropaylring the two

seasons when phytoplankton blooms are commonly observed in different parts of Chesapeake Bay
(Smith and Kemp, 1996larding and Perry, 199.7Spring longerm chlorophylla trends are degrading

or show arunlikelytrend at most stationswith andwithout flow adjustment (Figure 4). EE3.4s
significantly improvindor both long term norand flowadjusted. ET8.&hows significant improvement
for flow-adjusted, and pssible improvement for ET10fdr non-flow-adjusted. Over the shorterm,
ET6.landEB.2show significantlylegrading trend with and without flowadjustment, and ET7 ghows
possible degrading without flow adjustmegigure 2). EE3.0, EE3.1, and ET8.1 show significantly
improving trends across both shetgrm non-flow-adjusted andlow-adjustedtrends

Lower Eastern Shore: Spring Trends for Surface Chlorophyll a
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Figure 2. Surface spring (Marekay) chlorophylhatrendsas calculated using Generalized Additive
Models Murphy et al. 2019 Base map credit Chesapeake Bay Programy.chesapeakebay.net

North American Datum 198&or more information on the tidal stations and Chesapeake Bay tidal water
quality monitoring, refer tattps://www.chesapeakebay.net/what/programs/qualigssurance/tidal
water-quality-monitoring.

A variety of patterns in spring chlorophgltoncentrations and seasonal mean GAM estimates exist
(Figure B). Longterm increases itthe Nanticoke River (ET6.1 and ET6.2) Ratbmoke Sound (ET10.1)
all take on very different shapeghere have been shoeterm decreases in EE3EES8.1, EER and
EES.0.
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Figure B. Surface spring chlorophyidata (dots) and average losigrm pattern generated from non
flow adjusted GAM<Colored dots represent Marellay data corresponding to the monitoring station
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indicated in the legend; colored lines represent mean spring GAM estimates for the noted monitoring
stations.

4.4 Surface Chlorophgl Summer (Julseptember)

Summer longerm chlorophylla trends (Figure 4) arerelativelysimilar to spring with an exception
there beingno significantimprovementfor the stationEE3.4or nonflow adjustedtrends. Shortterm
trendsshow notably more significant and possible degradiegdsfor both nonflow-adjusted and
flow-adjustedtrendsin the summer versus the sprirfgigure 13 andFigure 4).

Lower Eastern Shore: Summer Trends for Surface Chlorophyll a
Long Term: 1985-2023 Long Term: Flow-adjusted 1985-2023
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Figure 4. Surface summer (Ju§eptember) chlorophyl trendsas calculated using Generalized
Additive Models Kurphy et al. 2019 Base map credit Chesapeake Bay Program,
www.chesapeakebay.net, North American Datum 1988.more information on the tidal stations and



Chesapeake Bay tidal water quality monitoring, refer to
https://www.chesapeakebay.net/what/programs/qualigssurance/tidalvater-quality-monitoring.

The patterns in the summer chlorophgimean GAM estimates (Figur&)lare similar tgpatterns inthe
spring (Figure 3). Patterns at nost of the stations are gradually increasimgertime, with shortperiods
of decreasegatrticularlyvisible in stations EEBand EE3.4-igure 14)

Summer (July-Sept) Surface Chlorophyll a Data and Average Predictions
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Figure B. Surface summer chlorophgidata (dots) and average lofgrm pattern generated from non
flow adjusted GAM<Colored dots represent Jueptember data corresponding to the monitoring
station indicated in the legend; colored lines represent mean summer GAM estimates for the noted
monitoring stations.

4.5 Secchi Disk Depth
Trends in Secchi disk depth, a measure of visibility through the water column, are degrading at most of
these Lower Eastern Shore stations over the {tergh with andwithout flow adjustment (Figured).


https://www.chesapeakebay.net/what/programs/quality-assurance/tidal-water-quality-monitoring

ET7.1, ET8.1, and ET10.1 are the only stations that show an ulditgetgrm trend rather than a
degrading oneOver the shorterm, three of the flow-adjustedstations show possibler significant
improvements, whildour show improvement$or nonflow-adjustedtrends. The statiorE™.1 shows a
significant degradatioacross nonand flow-adjustedtrendsin the short term

Lower Eastern Shore: Annual Trends for Surface Secchi
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Figure B. SurfaceSecchi depth trendas calculated using Generalized Additive Moddlgrphy et al.
2019. Base map credit Chesapeake Bay Programy.chesapeakebay.neNorth American Datum
1983.For more information on the tidal stations and Chesapeake Bay tidal water quality monitoring,
refer to https://www.chesapeakebay.net/what/programs/qualidgssurance/tidalater-quality-

monitoring
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The longterm degrading trends in Secchi depth are apparent in the data and mean annual GAM
estimates for most of the stations (Figuré)1 StationETLO.1 has no longerm trend, asdemonstrated

by the low, constant Secchi pattern seen over tifdiany stations are beginning to increase in the short
term, namely EE3.0, EE6.2, EE7.1, and EES8.1 (Figure 17).

Annual Secchi Depth Data and Average Predictions

Fishing Bay (FSBMH) Nanticoke River (NANTF and NANMH)
< - < -
E o E® A
=] =
S o S o~
o] o)
2] (2]
T ———— e =
o - o - -
[ | [ I [ | I [
1990 2000 2010 2020 1990 2000 2010 2020
—=—EE3.0 ——ET6.1 4~ ET6.2
Wicomico River (WICMH) Manokin & Big Anr Rivers (MANMH, BIGMH)
<+ - <+ -
E® T E® T
= <
S o S o
] o)
] 0
o H o -
I | I I | I T I
1990 2000 2010 2020 1990 2000 2010 2020
—e— WIW0141 4~ ET7.1 —=—ET8.1 —4—ET9.1
Tangier Sound (TANMH_MD) Pocomoke Sound (POCTF and POCMH)
<+ - < -
i E® T
= =
8 o 8 o o
o] o)
2] n
o + o >
I | I I [ I I [
1990 2000 2010 2020 1990 2000 2010 2020
—— EE3.1 -4~ EE3.2 —e—ET10.1 —4- EE3.3 ——EE34

Figure Z. Annual Secchi depth data (dots) and average-teng pattern generated from noifiow
adjusted GAMsColored dots represent data corresponding to the monitoring station shown indicated
in the legend; colored lines represent mean annual GAM estimates for the noted monitoring stations.

4.6 Summer Bottom Dissolved Oxy§#meSeptember)
Summer bottom D@oncentrationggenerally show degrading or unlikely trend conditions (Figure 18).
Flowadjusted shorterm trendsshows less of a degrading trendag/hole.



Lower Eastern Shore: Summer Trends for Bottom DO
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Long Term: Flow-adjusted 1985-2023
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Figure B. Summer (Jun&eptember) bottom DO trendss calculated using Generalized Additive

Models Murphy et al. 2019 Base map credit Chesapeake Bay Programy.chesapeakebay.net

North American Datum 1988&o0r more information on the tidal stations and Chesapeake Bay tidal water
guality monitoring, refer tchttps://www.chesapeakebay.net/what/programs/qualigssurance/tidal
water-guality-monitoring

Summer bottom DO concentrations are relatively high in this region compared to other parts of the
Chesapeake Bay, although concentrations less than 3 mg/L occur throughout the record sporadically at
the Tangier Sound stations (mostly EE3.2) Radomoke Soundations (ET10.)(Figure ®). There

were recently increasesbservedin many of the stations, followed by a gradual decrease over the past
three yearsan moststations,leading to the unlikely trends represented in Figure 18.
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Summer (June-Sept) Bottom DO Data and Average Predictions
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Figure B. Summer (Jun&eptember) bottom DO data (dots) and summer mean-@ngn pattern

generated from norflow adjusted GAM<Colored dots represent Jurieeptember data corresponding

to the monitoring station indicated in the legend; colored lines represent mean summer GAM estimates
for the noted monitoring stations.

4.7 Surface Water Temperature

Lower Eastern Shore tributary surface water temperatures are increasing at most stations over the long
and shortterm (Figure 20). This is consistent with other studies in Chesapeake Bay that document long
term increases in tidalater temperatures (Hinson et al., 2022; Ding and Elmore, 20hig.is shown
through possible or significant degradation at nearly every station across simortongterm, and

across flowadjusted and nosilow-adjustedtrends



Lower Eastern Shore: Annual Trends for Surface Water Temperature

Long Term: 1985-2023

Long Term: Flow-adjusted 1985-2023

X

ET6.1

A ET6.2 A

EE3.0 ET71

EE3.1
yAN

ET8.1

N ]

ET10.1
ET9.1

EE3.2 @EE&a
E3.4

X
A
A A
A
¥ A
A
A
L J

Short Term: 2014-2023

Short Term: Flow-adjusted 2014-2023

X
Q ©
A Wiwo141
A
@]
o O
A
A
o

O
Q O
A A
A
O
o O
A
A
*

W Significantly Improving (p<0.05)
A Significantly Degrading (p<0.05)

O Possible Improving (0.05<p<0.25)
O Possible Degrading (0.05<p<0.25)
@ Unlikely Trend (p>0.25)

Figure 20urface water temperaturdrends as calculated by using Generalized Additive Models
(Murphy et al. 2019 Base map credit Chesapeake Bay Programy.chesapeakebay.ngNorth
American Datum 1983:0r more information on the tidal stations and Chesapeake Bay tidal water
guality monitoring, refer tchttps://www.chesapeakebay.net/what/programs/qualigssurance/tidal

water-quality-monitoring.

Water temperaturesin Chesapeake Bagnge frombelow O tomore than30 degreeCelsius (Figure 21)
Theincreasing longerm trends (Figure 20) are clear from the letegm averages of the data, even with
the large seasonal variabilitfhis isdlemonstratedin figure21 andsupported by the significant

degradationshownin figure 20.
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Annual Surface Water Temperature Data and Average Predictions
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Figure 21Annual surface water temperature data (dots) and average-teny pattern generated from
non-flow adjusted Generalized Additive Models (GAMSs). Coloredrdptesent data corresponding to

the monitoring stations indicated in the legend; colored lines represent mean annual GAM estimates for
the noted monitoring stations.

5. Factors Affecting Trends

5.1 Watershed Factors

5.1.1. Effects of Physical Setting

Higher concentratiosof nitrogen andohosphorusare found in Eastern Shore waterways due to unique
combinationsof hydrogeology, topography, and sditeat promote the efficient transport of
agriculturatassociated nutrient applications to streams and tidal wat@ne rate thatnutrients move
through the watershegbartiallydepend on landscapgosition (Figure 22)Sediment loads are typically



low throughout the Eastern Shore because of the relatively flat topography of the Atlantic Coastal Plain.
These higher concentrations coming from the Eastern Shore could be more impactful to Chesapeake Bay
KSFHtGK RdzS (2 GKS 91 ai SNy {afdDeiBefrals) IinEasterd Shorée (2 (A
may have high yields with more nitrogen and phosphorous per unit area, but the actual load is low
comparedto other portions of the watershed

Groundwater nitrogen
concentrations are typically
high in the Coastal Plain and, in
some portions, can require
decades to reach streams.

Groundwater nitrate
concentrations underlying coarse-
grained sediments can be higher
than areas with fine-grained
sediments because coarse-grained
sediments promote oxygen-rich
groundwater and limit
denitrification rates.

N

Nutrients in Coastal Plain
streams reach nearby tidal
waters quickly, with little
opportunity for storage or loss.

® Nontidal Monitoring Network Station
- Course Coastal Plain Sediments

|:| Fine Coastal Plain Sediments

Figure 22. Effects of watershed hydrogeomorphology on nutrient transport to freshwater streams and
tidal waters Hydrogeomorphic region data credit to Brakebill and Kelley, 2B28e map crediorth
American Datum 1983

Nitrogen

Groundwater is the primary delivery pathway of nitrogen, as nitrate, to most streams in the Chesapeake
Bay watershed@Ator and Denver, 20%2.izarraga, 1997nd contributes about 70% of the nitrogen to
Eastern Shore streamiglost of the nitrogen found in the Eastern Shore comes from agriculture, where
nitrogen is applied to improve crop yieldst¢r and Denver, 2095 The nitrogen fertilizers appligd



cropsare rapidly mineralized into nitrate, a negatively chargedthat does not readily bind to soil and

is transported with waterSome of the highest concentrations of groundwater nitrogen in the Bay
watershed are preserin portions of the Eastern Showvehere oxygerrich groundwaterand relatively
short groundwater flowpathéimit denitrification(Debreweret al., 2008;Greeneet al., 2005. Eastern
Shore denitrification rates are low and nitrate concentrations are high in sandy soils and sediments
(Bohlke and Denver, 199®enveret al, 2004), in soils that have been drained to support agricultural
activities(Staver and Brinsfield, 20))1and in areas underlain by a thick surficial aquifer that prevents
contact with deeper, anoxic groundwatéohlke and Denver, 1995These features vary substantially
from place to place throughout the Eastern Shore, but conditions limiting denitrification are conimon.
general, the lowest Eastern Shore nitrate concentrations discharge to streams along the perimeter of
the Delmarva Peninsulahere groundwater is generally anoxic duelass permeable soils and a
thinner surficial aquifefAtor and Denver, 20)5The extremely low topographic relief of the Lower
Eastern Shorbas led toextensive ditching of agricultural fields and stream channelizatailow for
water level control and better yielghowever, the ditching network has also providesty short
pathways for nitrogen movement into strear{®tor and Denver, 20)5Most Eastern Shore streamflow
comesfrom groundwaterdischargingrom the uppermost few meters of a shallow, surficial unconfined
aquifer Cushinget al,, 1973 Sanfordet al., 2012. More than half of the groundwater discharging to
streams is older that3years Sanford and Pope, 20180 the high concentrations of nitrate that have
increased irthe unconfined aquife(Debreweret al., 2008) will likely contribute to streams for decades.

Phosphorus

Eastern Shore phosphorus concentrations are higher than most other regions of the Chesapeake Bay
watershed(Ator et al., 2017 because phosphorus concentrations are high in soils underlaying
agricultural watersheddistorically, manure was applied at rates to meet cropagian demangdwhich
led to applications of phosphorubat crops could not metabolize. The repeated high applications of
phosphorous rich materialsxceeded Eastern Shore cropping needs and have accumuldieltiisoils
(Ator and Denver, 2015taver and Brinsfield, 20R1Such conditions can increase the amount of
sedimentbound and dissolved phosphorus carried in ruripféckrath and others, 1995Sandy soils
common throughout the Eastern Shore can become fully phosphorus saturated relatively quickly
because of their low phosphorus sorption capa¢8harpley, 1980 As a result of such conditions,
phosphorus can also be exported to streams from shallow soils and groundi@taeer and Brinsfield,
2001). Reducing soil phosphorus concentrations can take a decade or(Kleremaret al., 2011, and
until this occurs, watershed phosphorus loads may be unresponsive to management praetivest
al., 2013 Sharpleyet al.,, 2013.

Sediment

Despite increased sediment erosion associated with agricultural land uses, Eastern Shore sediment loads
are typically as low as some undeveloped regions of the Bay wate(Bhakkbillet al., 2010 because

of the relatively flat topography of the Atlantic Coastal Plain. The sediment load of a given stream reach

is a balance of sediment eroded from uploads and streambanks and sediment stored in floodplains and
stream channels. Eastern Shore streambarosion rates are reduced in areas with low topographic
gradient, but are also affected by watershed drainage d@lliset al,, 2015 Gellis and Noe, 2013

Gillespieet al., 2018 Hopkinset al., 2018, bank sediment density;Vynn and Mostaghimi, 2006
vegetation(Wynn and Mostaghimi, 2006and other stream valley geomorphic propertiesal., 2018§.



The lowest Eastern Shore sediment concentrations are present in portions of the Lower Eastern Shore
(Brakebilletal,2010s f A1 St & & || NB&adzZ G 2F GKA&RetedBlF Qa SEG NJ
development on the Lower Eastern Shore, and Delmarva peninsula, has increased concerns about the

effect of impervious coversn sediment loads and bank erosion (Chris BroBettaware Department of

Agriculture written commun.,2025).

Delivery to tidal waters

The delivery of nitrogen, phosphorus, and sediment in-tidal Eastern Shore streams to tidal waters
varies based on physical and chemical factors that affestream retention, loss, or storage. In general,
the proximity of much of the Eastern Shoretial waters limits opportunities for istream
denitrificationbecause of rapid trans{Staver and Brinsfield, 20pIThere are no natural chemical
processes that remove phosphorus from streams, but sediment and associated phosphorus can be
trapped in floodplains before reaching tidal waters. High rates of sediment trapping by Coastal Plain
nontidal floodplains and headf-tide tidal freshwater wetlands creates a sediment shadow in many
tidal rivers and limits sediment delivery @hesapeake Bg¥nsigret al., 2014;Noe and Hupp, 2009
Shoreline erosion can telarger source of sediment delivered to Eastern Shore estuaries than upland
runoff or streambank erosion because of such trapping and because of the low relief of the Atlantic
Coastal Plaifyarbroet al, 1983.

5.1.2. Estimated Nutrient and Sediment Loads

Estimated nutrient and sediment load$the Lower Eastern Shore Tributaries are a combination of

simulated nonpoint source, atmospheric depaosition, and reported pesource loads. These loads were

2001 AYSR FTNRY (GKS /KSalrLSI1TS . F& tNRINXYY 2FGSNEKS
from 1985through2022 fttps://cast.chesapeakebay.nét/Nonpoint source loads were adjusted to

representt Ol dzl f K@ RNRf 238 dzaAy3d GKS YSiK2R 2F (G4KS /KS
indicator Qttps://www.chesapeakeprogress.com/cleavater/water-quality). Over the period of 1985

2022, 0.33, 0.017, and 9.5 million tons of nitrogen, phosphorus, and suspended sediment loads were
exported from this watershed, respectively (Fig@®. MannY Sy R t £ GNBYR& FyR {SyQa
are summarized for each loading source in Table

Q)¢

Estimated TN loads showed an overall increase of 83 ton/yr in the period between 1985 and 2022,
which is not statistically significant (p = 0.10). This increase is entirely driven by nonpoint sources (97
ton/yr; p < 0.05). By contrast, lorigrm, statisti@lly significant declines were observed with both point
sources{7.5 ton/yr; p < 0.01) and atmospheric deposition to the tidal wate89(ton/yr; p < 0.01). The
significant point source reductions in TN are a result of substantial efforts to reduogenittoads from
major wastewater treatment facilities by implementing biological nutrient remolkgélyet al., 2014.

The significant decline in atmospheric deposition of TN to the tidal waters is consistent with findings
that atmospheric deposition of nitrogen has decreased due to benefits from the Clean Air Act
implementation Eshlemaret al., 2013 Lyerlyet al,, 2014.

Estimated TP loads showed an overall increase of 10 ton/yr in the period between 1985 and 2022, which
is statistically significant (p < 0.01). This increase is entirely driven by nonpoint sources (12 ton/yr; p <
0.01). By contrast, point sources showedatistically significant declineX.6 ton/yr; p < 0.01). The TP

point source load reduction has also been attributed to significant efforts to reduce phosphorus in


https://cast.chesapeakebay.net/
https://www.chesapeakeprogress.com/clean-water/water-quality

wastewater discharge through the phosphorus detergent ban in the early part of this record, as well as
technology upgrades at wastewater treatment facilitieg€rlyet al, 2014.

Estimated suspended sediment (SS) loads showed an overall increase of 910 ton/yr in the period
between 1985 and 2022, which is statistically significant (p < 0.01). This increase is entirely driven by
nonpoint sources (910 ton/yr, p < 0.01). Like TP andhdMt source load of SS showed a statistically
significant decline in this periods(4 ton/yr; p < 0.01).
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Figure23. Estimated total loadésum of Rrer Input Monitoring, RIMand belowRIM)of nitrogen (TN),
phosphorus (TP), and suspended sediment (SS) to the Lower Eastern Shore TriBsiaveRIM
estimates are a combination of simulated npaint and reported poirtsource loadslL.oads from the
different sources were obtained from the Chesapeake Bay Program Watershed Model progress runs
specific to each year from 19&Brough2022 fittps://cast.chesapeakebay.nét/
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Table2. Summary of ManiKendall trends for the period of 1982022for total nitrogen (TN), total

phosphorus (TP), and suspended sediment (SS) loads from the Lower Eastern Shore watershed.

Categories TN TP SS
Trend, | p-value | Trend, | p-value | Trend, | p-value
metric metric metric
ton/yr ton/yr ton/yr
BelowRIM watershed 83 0.10 10 <0.01 |910 <0.01
BelowRIM point source 7.5 <0.01 |-1.6 <0.01 |-6.4 <0.01
BelowRIM nonpoint sourcé | 97 <0.05 |12 <0.01 |910 <0.01
BelowRIM tidal deposition | -8.9 <0.01 |- - - -

! Loads from the different sources were obtained from the Chesapeake Bay Program Watershed Modj
progress runs specific to each year from 188%ugh2022 fttps://cast.chesapeakebay.nét/

2 Nonpoint source loads were adjustedrepresentactual hydrology using the method of the Chesapeake
L@ tNBINI YQA [ 2l Rahttisg/wniwKiEsapebk&prolingsk dod/Elamtbdwater-S S
quality). The adjustment factor for each year is defined as the ratio between monitored load and water
model simulated load for an applicable USGS River Input Monitoring (RIM) station. Because the Lowe
Eastern Shore Tributaries do not have RIM stations,saajent factors need to be transferred from a
different tributary that has a RIM station. In this regard, the Choptank River was selected for two reasg
it is geographically proximate to the Lower Eastern Shore Tributaries, and (2) it is hydrolagic#dr to the
Lower Eastern Shore Tributaries based on an analysis of annual riverflow anomalies.

5.1.3. Expected Effects of Changing Watershed Conditions
l OO2NRAY3I G2 (GKS / KSalLSIF{1S F& tNRINIFYQA 2| §SNAK
Scenario Tool (CAST;
https://cast.chesapeakebay.net/About/UpgradeHistoryhttps://cast.chesapeakebay.net/About/Upgrade

History, version Phase 67.14.0), changes in population size, land use, and pollution management

controls between 1985 and 2023 would be expected to changetiomy average nitrogen, phosphorus,

and sediment loads to the tidal Lower Eastern Shore Rivet3%¢ -54%, and15%, respectively (Figure

24). In contrast to the annual loads analysis above, CAST loads are based on changes in management

only and do not include annual fluctuations in weath®s. management practices are implemented,

there may be a delalgetween installation and impact on water qualigndthis delayis known as lag

time. CAST loads are calculated without lag times for delivery of pollutants or lags related to BMPs

becoming fully effective after installation. In 1985, agriculture and developed were the two largest

sources of nitrogen loads. By 2023, agriculture and developmained the two largest sources of

nitrogen loads. Overall, decreasing nitrogen loads from agricult@d@4), natural-%), stream bed and

bank €19%), and wastewat (-80%) sources were partially counteracted by increases from developed

(51%) and septic (36%) sources.

The two largest sources of phosphorus loads as of 2023 were the agriculture and shoreline sectors.
Overall, expected declines from agriculturé2%), developed12%), natural-6%), stream bed and
bank £55%), and wastewaterd0%) sources were partiallpunteracted by increases from septic (10%)
sources.
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For sediment, the largest sources are shoreline and stream bed and bank areas: these two sources
changed by 0% an&7%, respectively between 1985 and 2023. Sediment loads from the agriculture
sector changed by70%, whereas sediment load from developedas changed by 47%.

Overall, changing watershed conditions are expected to result in the agriculture, natural, stream bed
and bank, and wastewater sectors achieving reductions in nitrogen, phosphorus, and sediment loads
between 1985 and 2023, whereas the nidal water atmopheric deposition and septic sectors are
expected to increase in nitrogen, phosphorus, and sediment loads.
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sources to the tidal Lower Eastern Shore, based on watershed conditions in 1985, 2009, a(dA8P3
2023.



5.1.4. Best Management Practices (BMPs) Implementation

Data on reported BMP implementation are available for download from CAST
(https://cast.chesapeakebay.net/About/UpgradeHistoryhttps://cast.chesapeakebay.net/About/Upgrade
History, version Phase 67.14.0). Reported BMP implementations on the ground as of 1985, 2009, and
2023 are compared to planned 2025 implementation levels in Fgffer a subset of major BMP

groups. As of 2023, tillage, cover crops, pasture management, forest buffer and tree planting,
stormwater management, agricultural nutrient management, and urban nutrient management were
credited for 1,285, 732, 8, 49, 12, 3,6B8d 227 square kilometers, respectively. Implementation levels
for some practices are alreadjose to achieving their planned 2025 levels: for example, 116¥%uaire
kilometersfor tillage had been achieved as of 2023. In contrast, about 84% of planned commodity &
cover crops implementation had been achieved as of 2023.
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Figure B. BestManagementractices(BMP)implementation in the Lower Eastern Shore waterskmad
the years 1985, 2002023, and planned for 202Grough the Watershed Implementation Plans (WIP)
(CAST, 2023)
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Stream restoration and animal waste management systems are two important BMPs that cannot be
compared directly with those above because they are measured in different units. However, progress
towards implementation goals can still be documented. Streartorason (agricultural and urban)
increased from 0 meters in 1985 to 6,734 meters in 2023. Over the same period, animal waste
management systems treated 9,872 animal units in 1985 and 1,945,709 animal units in 2023 (one
animal unit represents 1,000 pound§live animal). These implementation levels represent 35% and
100% of their planned 2025 implementation levels, respectively.

5.1.5. FlowNormalized Watershed and Nutrient Sediment Loads

Flow normalization can better revet@mporal trends in river water qualityy removing the effect of
inter-annual variability in streamflow. Flemormalized trends help scientists evaluate changes in load
resulting from changing sources, delays associated with storage or transport of historical inputs, and/or
implementedmanagement actions (Hirsch et al., 20I&pwnormalized nitrogen, phosphorus, and
sediment trends have been reported for the short te(g0142023) at noridal network stations

throughout the watershed and can be foundthe USGS8Vebsite Water Data For the Nation: U.S.
Geological Surveyational Water Information Systems (NWIS; Mason eR8R3 USGS, 202%Jable

3). These trendsesult from variability in nutrient applications, the delivery of nutrients and sediments
from the landscape to streams, and from processes that affestrisam loss or retention of nutrients

and sedimentTo learn more about monitored loads of TN, TP and SS at RIM stations and other nontidal
stations in the watershed, please refer to the US&&BnarrativeChesapeake Bay Nontidal Monitoring
Network Loads and Trends.

Table3. Shortterm trends (2014023) of flownormalized(FN)total nitrogen (TN), total phosphorus

(TP), and suspendestdiment (SS) loadsr nontidal network monitoring locations in the Lower Eastern
Shore watershedDecreasing trends listed in blue, increasing trends listed in orange, results reported as
"no trend" listed in black. TN = total nitrogen, TP = total phosphorus, SS = suspended sebiNrent.

total nitrogen, TP= total phosphorus, SS= suspended sediientre detailed summary of flow
normalized load and trends measured at all USGS Chesapeake Bay Nontidal Network $t6Gi%
2022)can be foundat https://waterdata.usgs.gov/.

Trend .
USGS : Percent change in FN load
Station USGS Station start through water year 2023
D Name water
year TN TP SS
Manokin Brench
1486000 near Princess 2014 -11 45 69.4

Anne, MD

Nanticoke River
1487000 near Bridgeville, 2014 2.81 35.1 215
DE


https://va.water.usgs.gov/geonarratives/ntn/
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5.2 Tidal Factors

Once pollutants reach tidal waters, a complex set of environmental factors interact with them to affect
key habitat indicators like algal biomass, DO concentrations, water clarity, submerged aquatic
vegetation (SAV) abundance, and fish populations (F2@)réempet al., 2005 Testaet al,, 2017. For
example, phytoplankton growth depends not just on nitrogen and phosphéiishdret al,, 1992 Kemp

et al, 2005 Zhanget al,, 202J), but also on light and water temperaturBchanaret al., 2005

Buchanan, 20201n general, the saline waters of the lowghesapeak8ay tend to be more

transparent than tidafresh regions, and waters adjacent to nutrient input points are more affected by
these inputs than more distant regionsdgismaret al, 2019 Testaet al,, 2019. Dissolved oxygen
concentrations are affected by salinignd temperaturedriven stratification of the water column, and
conversely by windlriven mixing, in additioto phytoplankton respiration and decompositio&dully,
2010 Murphyet al,, 201]. When anoxia occurs at the watsediment interface, nitrogen and
phosphorus stored in the sediments can be released through anaerobic chemical reatéistasgnd
Kemp, 2012 When lowoxygen water and sediment burial suffocate benthic plant and animal
communities, their nutrient consumption and water filtration services are lost. Conversely, when
conditions improve enough to support abundant SAV and benthic communitegs famctions can
sustain and even advance progress towards a healthier ecosy&tier(, 1982Phelps, 1994Ruhl and
Rybicki, 2010Gurbisz and Kemp, 2014
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Figure &. Conceptual diagram illustrating how hypoxia is driven by eutrophication and physical forcing,
while affecting sediment biogeochemistry and living resources. Hrestaet al. (2017).



5.2.1. Watershed and Estuarine Volume

High nutrient loads relative to tidal river size are indicative of areas that are more susceptible to
eutrophication Bricker et al., 2003 -erreira et al., 2007 The relationship between watershed area and
tidal river size may also be an important indicator of eutrophication potential; however, there are
competing effects. Aarge watershed relative to the volume of receiving water would likely correlate
with higher nutrient load$ut would also correlate with a higher flow rate and decreased flushing time
(Bricker et al., 2008 Figure 27 is eomparison of watershed areas versus estuarine volume for all
estuaries and sulstuaries identified in the CBP magriing segment scheme. Larger estuaries will
contain multiple monitoring segments and, in many cases;esibaries For examplethe Nanticoke
Riverincludesmonitoring segments in the oligohaline and mesohaline sections of the Tiabte 4
shows the associated tributary name for the abbreviated name and group name represented in the
watershed and estuarine volume figurésggures 28 and 29 are comparisons of estimated annual
average nitrogen and phosphorus loads, respectively, for the 2021 progress scel@igTrversus the
estuarine volume for the same set of estuaries and-ssituaries.

TheaNB dzZLJ 2F [ 26 SNJ 9| astudNaflume Engl NaberskieNAren dointailNA S a Q
approximately7% of the total volume ané% of the total watershed area of the Chesapeake Bay (Table
5).Individual tributaries in the Lower Eastern Shore raakoss the spectrum of estuary volume and
watershed area ratiosThe subsest of tributaries for the Lower Eastern slaveranked8" for the

largest volumeo watershedratio. However, Big Annemessex Ri{ig)has a smaller estuarine volume
and watershed area compared to many other tributaries. Nanticoke Riaam)and P@omokeRiver
(Poc)have very similar watershed areas, but thecBmokeRiver has a larger estuarine voluigkégure

27).
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Figure 27. A comparison of watershed areas?(ksnestuarine volume (kipfor each tributaryThe
watershed area and volume data axpresented on a natural logarithic scalgIn). The table of

tributary names and their abbreviations can be found beiowable 4

Table 4 Lists the associated full tributary name for the abbreviated name and group name represented

in the watershed and estuarine volume figures. The names are from the Clad®afesessment

Scenario Tool (CAST,;

https://cast.chesapeakebay.net/Home/TMDL Tracking#tributaryRptsSectionhttps://cast.chesapeakebay.

net/Home/TMDLTracking#tributaryRptsSection

Abbreviated

tributary name Full tributary name Group name
Ana Anacostia River Potomac
App Appomattox River James

Bac Back River Patapsco
Big Big Annemessex River | LowerE

Boh Bohemia River MDUpperE
Bus Bush River MDUpperW



https://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSectionhttps://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSection
https://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSectionhttps://cast.chesapeakebay.net/Home/TMDLTracking#tributaryRptsSection

Chesapeake & Delaward MDUpperE
C&D Canal
Che Chester River MDUpperE
Chi Chickahominy River James
Cho Choptank River Choptank
Cor Corrotoman River Rappahannock
Eas Eastern Bay MDUpperE
Eli Elizabeth River James
Elk Elk River MDUpperE
Fis Fishing Bay LowerE
Gun Gunpowder River MDUpperW
Hon Honga River Choptank
Jam James River James
Laf Lafayette River James
Lit Little Choptank River Choptank
Lyn Lynnhaven River VAMain
Mag Magothy River MDLowerW
Man Manokin River LowerE
Mat Mattawoman Creek Potomac
Mat Mattaponi River York
MD MD MAINSTEM MD Main
Mid Middle River MDUpperW
Mob Mobjack Bay VAMain
Nan Nanticoke River LowerE
Nor Northeast River MDUpperE
Pam Pamunkey River York
Pat Patapsco River Patapsco
Pat Patuxent River Patuxent
Pia Piankatank River VAMain
Pis Piscataway Creek Potomac
Poc Pocomoke River LowerE
Pot Potomac River Potomac
Rap Rappahannock River Rappahannock
Rho Rhode River MDLowerW
Sas Sassafras River MDUpperE
Sev Severn River MDLowerW
Sou South River MDLowerW
Tan Tangier Sound LowerE
VA VA MAINSTEM VAMain
Wes West River MDLowerW
Western Branch Patuxent
Wes (Patuxent River)




LowerE
York

Wic Wicomico River
Yor York River

Hgure 28 Average annuaxpectednitrogen loads versus estuarine volume. Nitrogen loads are from the
2021 progress scenarios in CASAST2020, which is an estimate of nitrogen loads under long
term averagehydrology given land use améported managementasof 2021.




















































































