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EXECUTIVE SUMMARY

The main purpose of the site profile is to review and summarize the state of knowledge of the
geological, physical, chemical, and biological components of Chesapeake Bay National
Estuarine Research Reserve in Maryland (CBNERR-MD or Reserve). A Reserve
characterization is presented for each of three Reserve components: Otter Point Creek, Harford
County; Jug Bay, Prince George’s and Anne Arundel Counties; and Monie Bay, Somerset
County; all of them located within the Maryland portion of the Chesapeake Bay. In addition to
reviewing existing sources of information, this site profile includes a summary of the latest data
results and information collected through the various research and monitoring projects conducted
by the Reserve research program. Because of the geographic extent covered by this multi-
component Reserve and the high volume of information generated within the entire Chesapeake
Bay, this site profile is not intended to provide a complete review of all information generated
around the Reserve components, but to present a local characterization that could serve as a
starting point for the planning and execution of future research and monitoring efforts within
CBNERR-MD. The site profile is structure by an introductory section about the Reserve and the
National Estuarine Research Reserve System (NERRS), followed by three major sections, each
corresponding to one of the Reserve components. As part of each of these sections, information
is summarized regarding geological characterization, water and land use, weather and climate,
water quality, habitat characterization, biological components, and a summary of current
CBNERR-MD's research and monitoring efforts, needs, and priorities.

Overall, this site profile is intended to be primarily a technical document that provides a
summary of scientific information for academic and agency researchers, graduate students,
advanced undergraduates, and coastal resource managers, and anyone interested in learning more
about the Reserve and the monitoring and research activities it supports.
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Aberdeen Proving Grounds Weather Station. Data source: Aberdeen Proving Grounds Weather
Station.

Figure 2.3.4 Monthly air temperature averages (°F) for the period 1993-2007. Data source:
Aberdeen Proving Grounds Weather Station.

Figure 2.3.5 A thin layer of ice forms during low water temperatures at Otter Point Creek. Also

shown is the location of the CBNERR-MD weather station and the continuous water quality
monitoring station.
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Figure 2.3.6 Monthly average precipitation (inches) for the period 1993-2007. Data source:
Aberdeen Proving Grounds Weather Station.

Figure 2.3.7 Graphical representation (wind rose) of yearly average wind direction and speed for
the period 1993-2007. Bars represent 16 wind directions, and each bar is divided into wind
speeds (color coding). As the percentage of time that the winds blows from one of the 16
directions, the bar representing the wind speed gets larger both in length and width. Data source:
Aberdeen Proving Grounds Weather Station.

Figure 2.3.8 Monthly average temperature and precipitation; Otter Point Creek weather station.
Data used: 2004-2006 and 2008.

Figure 2.3.9 Mean monthly discharge of Otter Point Creek (2004-2007) and Winters Run (1967-
2007). Data source: USGS Water Resources (http://water.usgs.gov/).

Figure 2.3.10 Mean annual discharge of Otter Point Creek (2004-2007) and Winters Run (1967-
2007). Unusual wet years and draught events are highlighted in the graph. Data source: USGS
Water Resources (http://water.usgs.gov/).

Figure 2.3.11 Location of the Atkisson Dam (red symbol), Winters Run, Harford County,
Maryland.

Figure 2.3.12 Main wind components affecting water levels in and around the Otter Point Creek
tidal freshwater marsh. Source: Pasternack and Hinnov (2003).

Figure 2.3.13 lllicit discharge potential (IDP) within the Bush River watershed, expressed as the
density of aging septic systems. Source: Harford County, Maryland (2006).

Figure 2.3.14 Property boundaries of Aberdeen Proving Ground including the Aberdeen and
Edgewood areas. The total area covers more than 72,500 acres.

Figure 2.3.15 Land use cover for the Otter Point Creek subwatershed, Bush River. Graph
developed in 2006 by Harford County Water Resources.

Figure 2.3.16 Land use and land cover (hectares) map for Otter Point Creek and surrounding
subwatersheds for 2002.

Figure 2.3.17 Land use and land cover (hectares) of the Otter Point Creek component property
for 2002.

Figure 2.3.18 Continuous water quality monitoring stations (CONMON) at Otter Point Creek,
Bush River. Source: Smith et al. (2009).

Figure 2.3.19 Location of a continuous water quality monitoring station (CONMON) and six

additional discrete water quality stations at Otter Point Creek. Beginning in 2011, the six discrete
water quality stations were cut to three stations: MPN, TPN, and Marina.
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Figure 2.3.20 Conceptual illustration of the five Chesapeake Bay essential aquatic habitats and their
designated use. Shallow water corresponds to the habitat found within the Otter Point Creek
component. Source: USEPA (2003).

Figure 2.3.21 Turbidity trends observed at Otter Point Creek during 2003 and 2004.

Figure 2.3.22 Monthly average rainfall recorded from the weather station located in the Baltimore
Washington International Airport for the period 2003-2005 (Station location: 39°10'N / 76°41'W).

Figure 2.4.1 Relationship between marsh type and average annual salinity (values are
approximate only). Source: Odum et al. (1984).

Figure 2.4.2 Longterm distribution of submerged aquatic vegetation in the Bush River (1971-2008).
No value indicate that the area was not mapped or not fully mapped. Data source: Virginia Institute
of Marine Science.

Figure 2.4.3 Extensive “hydrilla mat” at Otter Point Creek. An example of canopy development and
potential overshadowing of other underwater grass species.

Figure 2.4.4 Dissolved oxygen (DO) and pH levels during 2004 in Otter Point Creek. Submerged
aquatic vegetation growing season extends from April to October.

Figure 2.4.5 Underwater grass restoration event in Otter Point Creek: 2004 grasses for the
masses (left) and 2009 NOAA Restoration Day (right).

Figure 2.4.6 Aerial image of HaHa Branch showing a sediment plume been delivered into the
Otter Point Creek estuary.

Figure 2.4.7 Representation of the ten dominant species found along transects located in three main
areas of the Otter Point Creek tidal freshwater marsh: a) HaHa Branch, b) Wood Duck Cove, and c)
Winters Run.

Figure 2.4.8 Location of the vernal pool at Otter Point Creek.

Figure 2.4.9 Examples of some of the most common zooplankton found in Otter Point Creek.
(Photo credit: Baker-Brosh and Mattson).

Figure 2.4.10 Benthic Index of Biotic Integrity scores for sites sampled in tributaries to the Otter
Point Creek Reserve component. Highlighted are the sites for the Lower Winters Run and HaHa
Branch. Source: Stranko et al. (2007).

Figure 2.4.11 Vernal Pool and tidal freshwater marsh at Otter Point Creek.

Figure 2.4.12 Juvenile fish sampling between 2005 and 2009 shows a decline in yellow perch

caught in trawl and seine nets.
Figure 2.4.13 Yellow perch and yellow perch egg case.
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Figure 2.4.14 Fish seining part of the juvenile fish sampling survey at Otter Point Creek.

Figure 2.4.15 Average number of fish caught per species at the Otter Point Creek fish seining
sampling site.

Figure 2.4.16 The bar graph indicates yearly fish catch in the Bush River from 1972 to 2004. The
pie chart represents total catch distribution by species during the same time period. A total of
twenty-seven species were reported during the study period, but only the top five species are
represented in the pie chart; the rest of the species are grouped under the “other” category. Data
presented in this figure was not corrected for gear type and catch per unit effort (CPUE). Data
source: Maryland Department of Natural Resources, Fisheries Department. Data analysis: P.
Breintenbach, CBNERR-MD research intern 2008-2009.

Figure 2.4.17 Eastern Box turtle with radio transmitter; Otter Point Creek box turtle monitoring
program.

Figure 2.4.18 Species of birds and number of individuals observed during the Bioblitz conducted at
Otter Point Creek during 2006-2008.

Figure 2.4.19 Map of Bosely Conservancy and a portion of the Anita C. Leight property.
Symbols indicate the locations of beaver signs.

Figure 2.4.20 Signs of beaver activity. Girdled and gnawed tree (left) and a beaver lodge (right).

Figure 2.5.1 Relationship between impervious surface and development for various watersheds
within the Chesapeake Bay. Source: Uphoff et al. (2008; unpublished data).

Figure 2.5.2 Percent impervious surface within the Chesapeake Bay. The Bush River watershed
falls within the 12-42 % category. Source: Maryland’s Surf Your Watershed
(http://www.dnr.state.md.us/watersheds/surf/index.html).

Figure 2.5.3 Representation of the correlation between dissolved oxygen and percent impervious
surface. Source: McGinty et al. (2007; unpublished data).

Figure 2.5.4 Representation of the correlation between dissolved oxygen and fish abundance and
percent impervious surface. Source: McGinty et al. (2007; unpublished data).

Figure 2.5.5 Average sea level rise in Baltimore, Maryland from 1900-present. Source: CO-OPS
- Center for Operational Oceanographic Products and Services (2008).

Figure 2.5.6 Diagrammatic representation of the potential impacts of sea level rise and mitigation
factors on tidal freshwater marshes.

Figure 2.5.7 Differences between the plant hardiness zone maps of 1990 and 2006. Source:
Arbor Day Foundation (2010).
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Figure 2.5.8 Annual Chesapeake Bay Temperatures recorded at Solomons Island Laboratory
from 1938-2006. Source: Boesch et al. (2008).

Figure 2.5.9 Presence of Phragmites in the Chesapeake Bay watershed. Source: Thompson et al.
(2003).

Figure 2.5.10 Map of Phragmites australis stands in Otter Point Creek. Created by Jeff Campbell
(2009).

Figure 3.1.1 Geographic location and boundaries of Jug Bay, component of the Chesapeake Bay
National Estuarine Research Reserve in Maryland.

Figure 3.1.2 Location of main creeks flowing into the Patuxent River, within or near the
CBNERR-MD Jug Bay component. The white dot indicates the mouth of the creek.

Figure 3.3.1 Location of Jug Bay in relation to Maryland physiographic provinces. Source: U.S.
Geological Survey Physiographic Province Map of Maryland, Delaware, and the District of
Columbia (2010).

Figure 3.3.2 Figure 3.3.2 Geologic data layers of the Jug Bay area. Dark yellow indicates
lowland deposits from the Quaternary period and ligher yellow indicates the Calvert formation
from the Chesapeake group and the Nanjemoy formation from the Pumunkey group from the
Tertiary period. Source: U.S. Geological Survey 2010,
http://tin.er.usgs.gov/geology/state/state.php?state=MD).

Figure 3.3.3 Location of the Upper Marlboro and Jug Bay weather stations.

Figure 3.3.4 Monthly percent relative humidity averages for the period 2004-2009. Data source:
Jug Bay Meteorological Station. November data (*) is for the period 2005-20009.

Figure 3.3.5 Monthly average air temperature (°F) and precipitation (in.) from 1956 to 2009.
Data source: Upper Marlboro weather station (NOAA National Climatic Data Center
(http://www.ncdc.noaa.gov/oa/ncdc.html).

Figure 3.3.6 Yearly average air temperatures (°F) for the period 1956-2009. Data source: Upper
Marlboro weather station (NOAA National Climatic Data Center
(http://www.ncdc.noaa.gov/oa/ncdc.html).

Figure 3.3.7 Yearly total precipitation (in.) for the period 1956-2009. Data source: Upper
Marlboro weather station (NOAA National Climatic Data Center
(http://www.ncdc.noaa.gov/oa/ncdc.html).

Figure 3.3.8 (a) Sediment capture per projected area by plant community. (b) Accretion rate by

marsh zone, where floating leaf corresponds to a N. lutea dominated community. Source:
Cummings and Harris (2008).

21



Figure 3.3.9 Seasonal effects of surface elevation change at the north and south Glebe marsh, Jug
Bay. Source: Delgado et al. (2011, unpublished data).

Figure 3.3.10 Rates of vertical accretion at the north and south Glebe marsh, Jug Bay, Patuxent
River. Different letters indicate a significant difference between low marsh and mid-high marsh
zones (p=0.0083) and between low marsh and scrub-shrub zones (p=0.0013). Source: Delgado et
al. (2011, unpublished data).

Figure 3.3.11 Mean monthly discharge (cfs = cubic feet per second) of the Patuxent River near
Bowie (1978-2009) and Western Branch (1986-2009). Data source: U.S. Geological Survey
Water Resources (http://water.usgs.gov/).

Figure 3.3.12 Mean annual discharge (cfs = cubic feet per second) of the Patuxent River near
Bowie (1978-2009) and Western Branch (1986-2009). Data source: U.S. Geological Survey
Water Resources (http://water.usgs.gov/).

Figure 3.3.13 Land use classification within the boundaries of the CBNERR-MD Jug Bay
component.

Figure 3.3.14 Location of continuous monitoring stations (CONMONSs) at the CBNERR-MD Jug
Bay component. CONMON stations are part of the NERRS system wide monitoring program
(SWMP).

Figure 3.3.15 Average dissolved oxygen (mg/L) concentrations and water depth (m) for the
period of April 2003 through December 2009 from three CONMON stations located at Jug Bay:
Iron Pot Landing, Railroad Bed, and Mataponi Creek.

Figure 3.3.16 Average turbidity (NTU) values for the period of April 2003 through December
2009 for three CONMON stations at Jug Bay: Iron Pot Landing, Railroad Bed, and Mataponi
Creek.

Figure 3.3.17. Average yearly turbidity (NTU) values estimated from three CONMON stations
in Jug Bay: Iron Pot Landing, Railroad Bed, and Mataponi Creek for the period of April 2003
through December 2009.

Figure 3.3.18. Senator Bernie Fowler wading in the Patuxent River along-side Governor Martin
O’Malley and Rep. Steny Hoyer at the 23" Annual Wade-In Event at Broomes Island, Maryland.
Image courtesy of Patuxent Riverkeeper and the Chesapeake Bay Program (June 2009).

Figure 3.3.19 Average Chlorophyll a concentrations (g I™) from three CONMON stations at the
Jug Bay Reserve: Iron Pot Landing, Railroad Bed, and Mataponi Creek for the period of April
2003 through December 2009.

Figure 3.3.20 Location of wastewater treatment plants (WWTPs) within the vicinity of the
CBNERR-MD Jug Bay component.
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Figure 3.3.21 Average total nitrogen and total phosphorus concentrations (mg I™") for Jug Bay,
summarized for the period of April 2003 through December 2009 from three CONMON stations:
Iron Pot Landing, Railroad Bed, and Mataponi Creek.

Figure 3.4.1 Importance values of marsh emergent vegetation species along a transect at Jug
Bay.

Figure 3.4.2 Location of marsh emergent vegetation transects within three main areas of the Jug
Bay wetland system: Western Branch, Railroad Bed, and Mattaponi Creek.

Figure 3.4.3 Submerged aquatic vegetation distribution at Jug Bay (see lower part of map). Map
based on aerial surveys by the Virginia Institute of Marine Sciences (VIMS). This area
corresponds to the Upper Patuxent River for 2010. Source: VIMS
(http://web.vims.edu/bio/sav/index.html).

Figure 3.4.4 Long term distribution of submerged aquatic vegetation in the Upper Patuxent River
(1971-2009); Figure 3.4.3. This area includes the Jug Bay component. The code "nd" indicates that
the area was not mapped. Data source: Virginia Institute of Marine Science
(http://web.vims.edu/bio/sav/index.html).

Figure 3.4.5 General location of submerged aquatic vegetation transects sampled by CBNERR-
MD at Jug Bay.

Figure 3.4.6 Sampling of submerged aquatic vegetation at Jug Bay using the modified oyster tong
technique.

Figure 3.4.7 Hydrilla verticillata, Ceratophyllum demersum, and Najas minor dry biomass for
six transects at Jug Bay sampled during June, August, and October from 2007-2010. Source:
Delgado and Carroll (2010, unpublished data).

Figure 3.4.8 Extensive hydrilla bed (left photo); close up of hydrilla (right photo).

Figure 3.4.9 Low Marsh at Jug Bay dominated by Nuphar lutea (spatterdock).

Figure 3.4.10 Low marsh at Jug Bay in winter. Bare soil can be seen at the lowest elevation
adjacent to open water. The dried stalks of cattail and marsh mallow (which persist in winter) in

the foreground indicate slightly higher marsh elevations.

Figure 3.4.11 Low marsh with Zizania aquatica (wild rice) stands (light green) at Jug Bay,
Patuxent River.

Figure 3.4.12 Robust wild rice plants growing inside one meter enclosures at Jug Bay.
Figure 3.4.13 Aerial photos showing an extent of wild rice stands before herbivory by Canada

Geese (1989), after herbivory (1999) and after restoration (2007). Source: Delgado et al. (2009,
unpublished data).
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Figure 3.4.14 Wild rice change analysis. Study area = 9,650 acres. Results show that solid wild
rice stands were returned to almost pre-herbivory values by 2007. Source: Delgado et al. (2009,
unpublished data).

Figure 3.4.15 Phytoplankton species observed during the Jug Bay Wetland Sanctuary Bioblitz of
2007.

Figure 3.4.16 Pictorial examples of the most common diatom species found at Jug Bay Railroad
Bed. These photos are not from samples obtained from the Jug Bay Railroad Bed Station.

Figure 3.4.17 Map showing the Jug Bay Railroad Bridge (white) and Nottingham (light blue)
plankton monitoring sites.

Figure 3.4.18 Zooplankton species observed during the Jug Bay Wetland Sanctuary Bioblitz of
2007.

Figure 3.4.19 Map of the Maryland Department of Natural Resources zooplankton monitoring
stations. A red elipse encircles the four stations located in the Patuxent River. Map source:
http://www.dnr.state.md.us/bay/monitoring/zoop/map.html.

Figure 3.4.20 Benthic Index of Biotic Integrity scores for sites sampled in tributaries to the Jug
Bay Reserve component. Highlighted are the sites for Mattaponi Creek, Western Branch and
Galloway Creek. Source: Stranko et al. (2007).

Figure 3.4.21 Macroinvertebrate Index of Biotic Integrity scores in the catchments of sites “in”
and “outside” the Jug Bay CBNERR-MD component for three streams. Source: Stranko et al.
(2007).

Figure 3.4.22 Two Run Beaver Pond Survey for 2010. Source: Jug Bay Wetlands Sanctuary:
http://lwww.jugbay.org/).

Figure 3.4.23 Total commercial harvest in the Patuxent River 1929 — 2004. Source: Dickey et al.
2008).

Figure 3.4.24 Total fish harvested in the Upper and Lower Patuxent River for the period 1972-
2004. Source: Dickey et al. (2008).

Figure 3.4.25 Patuxent river species composition for the Upper and Lower Patuxent River for the
period 1990-2004. Source: Dickey et al. (2008).

Figure 3.4.26 Percentage of captures of marbled salamanders in the wet forest in relation to
rainfall occurrence during the fall trapping season from 1994-1996. Data source: Molines and
Swarth (1999).

Figure 3.4.27 Number of spotted salamanders captured at five sampling sites during the spring
and fall trapping seasons from 1995-1998. Data source: Molines and Swarth (1999).
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Figure 3.4.28 Cumulative number of box turtles marked each season at Jug Bay in a 50 ha study
plot. Courtesy of Chris Swarth, Jug Bay Wetlands Sanctuary.

Figure 3.4.29 Home range of eastern box turtle #187 showing the use of both uplands and
wetlands as habitat. Source: Friebele (2001).

Figure 3.4.30 Home ranges of male and female eastern box turtles at Jug Bay from 2000 through
2004. Data Source: Swarth (2005a).

Figure 3.4.31 Patuxent River estuary showing the locations of bird survey points for the estuary
winter water bird survey. Source: Swarth 2005c.

Figure 3.4.32 Mean number of waterbirds occurring at each of the 8 km river segments along the
Patuxent River estuary. Patuxent river estuary winter water bird survey, Jug Bay Wetlands
Sanctuary: http://www.jugbay.org/. Source: Swarth (2005c).

Figure 3.5.1 Wild rice (Zizania aquatica) and resident Canada geese (Branta canadensis).

Figure 3.5.2 Wild rice density shifts (in acres) from 1989 through 2007 as a result of resident
Canada geese herbivory and resulting restoration efforts. Source: Delgado et al. (2009,
unpublished data).

Figure 3.5.3 Relationship between impervious surface and development for various watersheds
within the Chesapeake Bay. Source: Uphoff et al. (2008; unpublished data).

Figure 3.5.4 Percent impervious surface within the Chesapeake Bay. The Patuxent River
watershed (within blue circle) falls within both the 5-12% and 12-42% categories. Source:
Maryland’s surf your watershed (http://www.dnr.state.md.us/watersheds/surf/index.html).

Figure 3.5.5 Coastal Vulnerability Index of the East Coast further highlighting the risk of the
Chesapeake Bay and its tributaries (including the Patuxent River). Source: Robert Thieler, USGS
(2000).

Figure 3.5.6 Average sea level rise in Solomons Island, Maryland from 1900-present. Source:
CO-OPS - Center for Operational Oceanographic Products and Services (2008).

Figure 3.5.7 Diagram illustrating the key characteristics of a Surface Elevation Table (SET),
including the factors contributing to surface elevation change. Image: Courtesy of Don Cahoon
and Jim Lynch, USGS.

Figure 3.5.8 Location of surface elevation tables (SETs) along the north and south Glebe
marshes at Jug Bay.

Figure 3.5.9 Figure extrapolated from Boumans et al. 2002 depicting the results from twelve

SETs at Jug Bay Railroad Bed. North marsh refers to the north glebe and South marsh refers to
the south Glebe of the Railroad Bed.
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Figure 3.5.10 Statewide temperature ranks for January-December of 2010. National Climatic
Data Center, NOAA (2011).

Figure 3.5.11 Location of Jug Bay, Reed, and Merkle marshes in relation to the Jug Bay Reserve
Boundary.

Figure 3.5.12 Aerial photographs from 1994 extrapolated from Rice et al. (2000) characterizing
Phragmites australis stands in (A.) Jug Bay, (B.) Reed, and (C.) Merkle marshes.

Figure 3.5.13 Locations within the Patuxent River estuary where herbicide was applied in 2000
and 2004 to control Phragmites australis (common reed).

Figure 3.5.14 Map of submerged aquatic vegetation sampling stations extrapolated from Naylor
and Kazyak (1995).

Figure 3.5.15 (A.) Submerged aquatic vegetation biomass (g) by species in the tidal freshwater
region of the Patuxent River for the 1994 sampling season of June-October (figure extrapolated
from Naylor and Kazyak (1995); (B.) map indicating Hydrilla verticillata presence from the 1994
sampling season with Jug Bay Reserve boundary (data extrapolated from Naylor and Kazyak
1995).

Figure 3.5.16 Submerged aquatic vegetation biomass (g) by species in Back Channel, the
tributary of the Patuxent River where Hydrilla was first identified. Figure extrapolated from
Naylor and Kazyak (1995).

Figure 4.1.1 Geographic location and boundaries of Monie Bay, component of the Chesapeake
Bay National Estuarine Research Reserve in Maryland.

Figure 4.1.2 Location of the three main tidal streams that drain into the Monie Bay component.

Figure 4.2.1. Monie Bay Hundreds from before 1742 (a) and 1783 (b). Monie is highlighted in
pink. Source: Lyon (2004).

Figure 4.3.1 Monthly average air temperature and precipitation; Princess Anne weather station in
Somerset County, Maryland. Data range: 1931-2010. Data source: National Climatic Data
Center, NOAA Satellite and Information Service.

Figure 4.3.2 Stratigraphic characteristics of a core taken from a channel margin subenvironment
in Monie Bay. This sequence is typical of channel margins or interior marshes that are
submerging or have an increase in mineral matter deposition with respect to organic matter
deposition (submerging or mineral matter enriched marshes). The agricultural horizon shown
was determined from Quercus/Ambrosia pollen ratios and corresponds to a period of time when
extensive land clearing occurred (approximately 200 years BP) due to farming activities by
European settlers (Kearney and Ward 1986). Source: Ward et al (1998).
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Figure 4.3.3 Accretion rates for the estuarine embayment marsh located at Monie Bay. MB1-
MB18 correspond to different sampling sites. Source: Ward et al. (1998).

Figure 4.3.4 Comparison of vertical accretion rates at four Monie Bay marsh sites determined by
three different geochronology techniques to average rates of sea-level rise based on the
Baltimore (1900-1985) and Solomons (1940-1970) tide gauge records. The

time interval for **'Cs is approximately 1963 to 1987; “*°Pb 1887-1987; and pollen 1790-1987.
Source: Kearney et al. (1994).

Figure 4.3.5 Location of Monie Bay within the Delmarva Peninsula, and land use within the
Monie Bay sub-watershed and the Wicomico River watershed. CBNERR-MD discrete water
quality sampling stations (1-10) within Monie Bay’s tributary creeks are listed. Source: Fertig et
al. unpublished data.

Figure 4.3.6 Land use within the Monie Bay sub-watersheds of Monie Creek, Little Monie
Creek, and Little Creek. CBNERR-MD discrete water quality sampling stations (1-10) within
Monie Bay are also noted.

Figure 4.3.7 Percentage of land surface occupied by wetlands given by each of Maryland’s
Counties. Source: Tiner and Burke (1995).

Figure 4.3.8 Land use information for the CBNERR-MD Monie Bay component for year 2003.

Figure 4.3.9 Monie Bay marsh deterioration areas (showing as dark pattern) as mapped from
1985 aerial photography. Source: Kearney et al. (1994).

Figure 4.3.10 Location of the continuous water quality monitoring station (CONMON) at Little
Monie Creek, and ten additional discrete water quality stations distributed within four different

regions of the Monie Bay component. Monie Bay (stations MB1, MB2), Monie Creek (stations
MB8, MB9, MB10), Little Monie Creek (stations MB5, MB6, MB7), and Little Creek (stations
MB3, MB4).

Figure 4.3.11 Spatial characterization of dissolved oxygen (mg I™) and salinity (ppt) along the
different regions of the Monie Bay component: Monie Bay, Monie Creek, Little Monie Creek,
and Little Creek.

Figure 4.3.12 Monthly turbidity measured for the period 2006-2009 at the CONMON station
located in Little Monie Creek, Monie Bay. Precipitation for 2009 was plotted with data collected
from the Princess Anne weather station in Somerset County, Maryland.

Figure 4.3.13 Spatial characterization of chlorophyll a (ug I'*) along the different regions of the
Monie Bay component: Monie Bay, Monie Creek, Little Monie Creek, and Little Creek.

Figure 4.3.14 Spatial characterization of total nitrogen and total phosphorus (mg I'*) along the

different regions of the Monie Bay component: Monie Bay, Monie Creek, Little Monie Creek,
and Little Creek.
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Figure 4.3.15 Comparisons among the three tidal creeks and open bay of the Monie Bay system.
For each parameter the bar height represents the magnitude of a 2-year mean (2000-2002).
Means that are statistically similar share the same bar height. Parameters are defined in Table
4.3.13.

Figure 4.4.1 Area mapped by the Virginia Institute of Marine Sciences (VIMS) around the
Monie Bay area (upper part of the map). This area corresponds to the quadrangle #85 for 2010.
Source: VIMS (http://web.vims.edu/bio/sav/index.html).

Figure 4.4.2 Longterm distribution (1978-2009) of submerged aquatic vegetation within Quadrangle
#85; Figure 4.4.1. This area includes the Monie Bay component. The code “nd” for 1979-1981
indicates that this area was not mapped during that period. Data source: Virginia Institute of Marine
Science (http://web.vims.edu/bio/sav/index.html).

Figure 4.4.3 Location of the Impoundment within the Deal Island Management Area.

Figure 4.4.4 Percent cover of Ruppia maritima and Chara sp. at Main Pond (MP) and Snag Pond
(SP) within the Deal Island Management Area Impoundment for 2009-2010. Data was also
collected on September 2008, but it is not represented in this graph.

Figure 4.4.5 Digitized image of two 2 m? interior-marsh sites (dominated by Spartina spp.),
showing the hummaocks in black and the hollows in white. Source: Stribling et al. (2006).

Figure 4.4.6 Monie Bay marsh showing a patch Juncus roemerianus (dark band) growing among
a Spartina alterniflora dominated marsh.

Figure 4.4.7 Map showing the location of six marsh vegetation transects and surface elevation tables
(SETSs) in Monie Creek, Monie Bay.

Figure 4.4.8 Species distribution along Monie Creek, Monie Bay. Area 1 and Area 2 are located
at different distances from the mouth of Monie Creek (see Figure 4.4.7). Plots P1-P7 are located
perpendicular from the margin of the main channel to the interior of the marsh.

Figure 4.4.9 Vertical profiles of porewater ammonium and phosphate in Monie Creek tidal
marsh sediments during the growing season. Stations are as noted in Table 4.4.3, except DQ,
which is from the Dames Quarter marsh at the SW edge of Monie Bay. Source: Stribling and
Cornwell (2001).

Figure 4.4.10 Axial distributions for annual mean concentrations of total dissolved nitrogen and
phosphorus (TDN, TDP, white and black bars, respectively) and bacterioplankton production
(BP, line) in the agriculturally-impacted Little Monie Creek. Source: Apple et al. (2004).

Figure 4.4.11 Mean seasonal variations in total dissolved phosphorus (TDP), total dissolved
nitrogen (TDN) and bacterioplankton production (BP) and temperature in Monie Creek (grey
squares), Little Monie Creek (black squares), Little Creek (white square, solid line) and open
Bay (white squares, dotted line). Source: Apple et al. (2004).
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Figure 4.4.12 Shellfish monitoring stations in the restricted shellfish harvesting area in Monie
Bay. Source: MDE (2010).

Figure 4.4.13 Seasonality analysis of fecal coliform concentrations at Monie Bay monitoring
stations based on data from 2004-2009. Source: MDE (2010).

Figure 4.4.14 Location of temporary plankton monitoring station at North Tangier Sound in
relation to Monie Bay. This station was in operation between 1984-1986.

Figure 4.4.15 Location of Maryland Biological Stream Survey sites sampled in tributaries to the
Monie Bay component from 2000 to 2006. Source: Stranko et al. (2007).

Figure 4.4.16 Comparative study of relative abundances (catch per unit effort —- CPUE) of
killifish (Fundulus heteroclites) in tidal creeks adjacent to tidal marshes with four levels of
invasion by the non-native species Phragmites australis at Monie Bay and two other sites.
Source: Hunter et al. (2006).

Figure 4.4.17 Fish kill in the Chesapeake Bay reported in December, 2010. Photo credit:
Maryland Department of the Environment.

Figure 4.4.18 Distribution and relative abundance of Rallus limicola (Virginia rail) during the
breeding seasons of 1990 through 1992. Area shown in the circle includes Deal Island
Management Area, Monie Bay, and part of the Wicomico River watershed. Source: Tango et al.
(1997).

Figure 4.4.19 Distribution and relative abundance of Rallus longirostris (clapper rail) during the
breeding seasons of 1990 through1992. Area shown in the circle includes Deal Island
Management Area, Monie Bay, and part of the Wicomico River watershed. Source: Tango et al.
(1997).

Figure 4.4.20 Location of surveying stations for secretive marsh birds at Monie Creek, tributary
of Monie Bay.

Figure 4.4.21 Regional furbearer observation rates by bowhunters during the 2002-03 and 2003-
04 Maryland archery seasons. Information source: Colona (2005).

Figure 4.4.22 Regional rabbit and squirrel observation rates by bowhunters during the 2002-03
and 2003-04 Maryland archery seasons. Information source: Colona (2005).

Figure 4.5.1 Shoreline position changes in Monie Bay between 1938 and 1985. Areas with the
highest recession rates are highlighted. Map source: Ward et al. (1988).

Figure 4.5.2 Population history of Dorchester and Somerset Counties, Maryland. Source: Ward
et al. (1988).
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Figure 4.5.3 Comparisons of seasonal means for environmental and biological parameters
measured over 2-year sampling period (2000-2002). For each parameter, bar height represents
the magnitude of the 2-year mean. Means that are statistically similar share the same bar height.
Parameters are defined as follows: TDN = total dissolved nitrogen, TDP = total dissolved
phosphorus, DON = dissolved organic nitrogen, NOx = NO3 + NO,". Source: Apple et al.
(2004).

Figure 4.5.4 Example of a wetland ditch for controlling mosquito populations in the Chesapeake
Bay. Source: Allison Dungan, University of Maryland Center for Environmental Science
(http://ian.umces.edu/imagelibrary/displayimage-709.html).

Figure 4.5.5 Aerial photograph of Monie Bay showing the Monie Creek marsh ditches on the
right. Source: Ben Fertig, University of Maryland Center for Environmental Science
(http://ian.umces.edu/imagelibrary/displayimage-toprated--97-2267.html).

Figure 4.5.6 Location of coastal land in relation to sea level, the star indicates the location of the
CBNERR-MD Monie Bay component on the lower eastern shore of the Chesapeake Bay.
Source: Titus (1998) and Johnson (2000).

Figure 4.5.7 Mean sea level rise for the period of 1943 through 2006 at a NOAA tide gage
station located in Cambridge, MD. Source: CO-OPS, NOAA (2008).

Figure 4.5.8 Wetland transitional zone estimated from the Sea Level Affecting Marshes Model
(SLAMM) for the Monie Bay area. Draft map courtesy of Chelsie Papiez, Chesapeake and
Coastal Program, Maryland DNR (2011).

Figure 4.5.9 Annual mean temperature (°F) and precipitation (inches); Princess Anne weather
station in Somerset County, Maryland. Data range: 1931-2010. Data source: National Climatic
Data Center, NOAA Satellite and Information Service.

Figure 4.5.10 Distribution of nutria captured from 2007-2010 in Monie Bay watershed, Somerset
County, Maryland. Produced by USDA APHIS Wildlife Services, 01/21/2011.

Figure 4.5.11 Approximate location and layout of the sampling transect in Monie Bay. Transect
line is 80 m in length (Map on the left). Site picture near sampling transect showing ponding
produced in association with a nutria eat out. Because of water depth and ooze bottoms, such
areas are difficult to re-vegetate (Haramis 2011, unpublished data).

Figure 4.5.12 Comparison of distributions of percent cover for 54 fixed ¥ m? plots along the
Monie Bay transect in 2008 and 2009 (Haramis 2011, unpublished data).

Figure 4.5.12 Coverage (m?) of co-dominant S. americanus and D. spicata along the Monie Bay
transect between 2008 and 2009. The increase in vegetative cover occurred since removal of
nutria in 2007 (Haramis 2011, unpublished data).

Figure 4.5.13 Comparison of mean percent total vegetative cover between 2008 and 2009 along
the Monie Bay transect. Coverage declined as the transect transitioned from high marsh (left) to
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open water (right), a difference due mainly to declining elevation. The separation of the curves

represents the mean increase in vegetative cover between the two sampling years (Haramis 2011,
unpublished data).

Figure 4.5.14 Before and after photos of S. americanus recovery following the removal of nutria
at the CBNERR-MD Monie Bay component (Haramis 2011, unpublished data).
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CHAPTER 1. INTRODUCTION TO THE MARYLAND
CHESAPEAKE BAY NATIONAL ESTUARINE RESEARCH
RESERVE (CBNERR-MD)

1.1 THE NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM PROGRAM

The Maryland Chesapeake Bay National Estuarine Research Reserve is part of the National
Estuarine Research Reserve System (NERRS). NERRS was created by the Coastal Zone
Management Act (CZMA) of 1972, as amended, 16 U.S.C. Section 1461, to augment the Federal
Coastal Zone Management (CZM) Program. The CZM Program is dedicated to comprehensive,
sustainable management of the nation’s coasts. NERRS is a network of protected areas
established to promote informed management of the Nation’s estuaries and coastal habitats.
NERRS currently consists in a network of 28 protected areas in 23 states and territories
representing different biogeographic regions of the United States (Figure 1.1.1).
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Figure 1.1.1 Map of National Estuarine Research Reserves. Courtesy of NOAA Estuarine Reserves
Division (http://www.nerrs.noaa.gov/).

In its nation-wide efforts to improve coastal management, advance estuarine research, and
educate current and future generations of coastal stewards NERRS has the following vision and
mission (NERRS Strategic Plan 2011-2016):

NERRS Vision: "Resilient estuaries and coastal watersheds where human and natural
communities thrive."
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NERRS Mission: " To practice and promote stewardship of coasts and estuaries through
innovative research, education, and training using a place-based system of protected areas."

The reserve system is a partnership program between the National Oceanic and Atmospheric
Administration (NOAA) and the coastal states. NOAA provides funding and national guidance.
Each reserve is managed on a daily basis by a lead state agency or university, with input from
local partners.

The NOAA interest is represented by the Estuarine Reserves Division (ERD), who coordinates
the NERR system nationally and administers federal funds to individual Reserves. Although the
management of a Reserve, including development of site-specific policies, is a state’s
responsibility, NOAA provides overall system policies and guidelines, cooperates with and
assists the states, and reviews state programs regularly. The purpose of the NOAA review is to
ensure that a state is complying with federal NERR goals, approved work plans, and reserve
management plans. Programs currently implemented NERRS-wide include the system-wide
monitoring program (SWMP), graduate research fellowship program (GRF), K-12 Estuarine
Education Program (KEEP), and the Science Collaborative, a funding opportunity to connect
science to decision making.

1.2 DESIGNATION OF THE CHESAPEAKE BAY NATIONAL ESTUARINE
RESEARCH RESERVE IN MARYLAND

Maryland’s Chesapeake Bay National Estuarine Research Reserve (CBNERR-MD or “the
Reserve”) was established by the Maryland Department of Natural Resources (Maryland DNR)
in 1985 with Monie Bay in Somerset County being the sole component. In 1990 Otter Point
Creek (in Harford County) and Jug Bay (in Prince George’s and Anne Arundel Counties) were
added to the Reserve. Together, these three Reserve components reflect the diversity of
estuarine habitats found within the Maryland portion of the Chesapeake Bay (Figure 1.2.1).
Each component is managed and protected to provide an environment for conducting research
and monitoring, education, restoration, and coastal management training programs.
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Chesapeake Bay National Estuarine
Research Reserve in Maryland

Otter Poin

Monie Bay

Chesapeake Bay

Figure 1.2.1 Location and 2011 boundaries of the three components of the Maryland Chesapeake Bay
National Estuarine Research Reserve: Otter Point Creek, Jug Bay, and Monie Bay.

1.3 CBNERR-MD GEOGRAPHIC SETTING

The Chesapeake Bay, where the Reserve is located, is the largest estuary in the United States and
is one of the most productive bodies of water in the world. It is situated in the mid-Atlantic area
of the Atlantic coastal plain in the Chesapeake Bay subregion of the Virginian biogeographic
region. The Chesapeake Bay is a drowned river estuary which formed as sea level rose after the
last ice age over twelve thousand years ago and flooded the Susquehanna River valley (Grumet
2000). Roughly half of the Chesapeake Bay is in the State of Maryland and half in the
Commonwealth of Virginia. The watershed of the Chesapeake Bay extends into four additional
states: Delaware, Pennsylvania, New York and West Virginia and the District of Columbia.

The Bay is 180 miles (290 km) long and varies from 3 to 30 miles (5 to 48 km) wide. The
average depth of the open Bay is 27.6 feet (8.4 m) and the average depth of the total Bay system
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including the tributaries is 21.2 feet (6.5 m). The shoreline of the Bay and its tributaries is
approximately 8,100 miles (13,000 km) long, and about 4,000 miles (6,400 km) of this is in
Maryland. Most of Maryland has a tidal range of 1 to 2 feet (0.3 to 0.6 m). Currents are
moderate, usually well below 0.5 knots (0.9 km/hr), although they may reach 1.5 knots (2.8
km/hr) in bottlenecks or upper portions of the Chesapeake. Salinity typically ranges from 0 to 20
parts per thousand (ppt) in Maryland and reaches 30 ppt in Virginia. The bottom sediments
range from clayey-silt to coarse-grained sand and gravel.

Avrtifact dating indicates that bands of territorial, semi-nomadic people lived in Maryland
beginning in the Paleo-Indian Period (11,000-7,500 B.P.). Through the Archaic Period (7,500-
1,000 B.P.) the people became more sedentary. Populations climbed as food sources increased
with the formation of the Chesapeake Bay and general warming of the climate. During the
Woodland Period (1,000 B.P.-A.D. 1,600) people became even more sedentary and living groups
changed from temporary hamlets to permanent villages.

European settlement marked the beginning of dramatic changes for the Bay area. The first
record of a European visit to the Bay was written by Brother Carrera, a Spanish priest, in 1572.
The first European settlement on the Bay was Jamestown, Virginia, founded in 1607. In 1634,
the first European settlers in current-day Maryland landed on St. Clements Island and then
founded St. Mary's City. Tobacco imported from the West Indies flourished in the rich soil of
the Bay area, and the hope of profit and a new life attracted a multitude of Europeans.
Subsequently thousands of Africans were transported to Maryland by slave traders to provide
free labor for the tobacco-based economy. Introduction of the plow in the 1790s initiated the
largest impact of settlement-soil erosion. Sediments entering the Bay and its tributaries greatly
increased, eventually closing off several port cities. Erosion and the deposition of sediments
remain an ongoing problem. Shipping, shipbuilding, canning and the seafood industry became
major industries for the area.

By 2000 Maryland's population exceeded 5,375,000. Most of the population in the state is
concentrated around Baltimore (Maryland) and Washington, D.C. Main employments include
construction, retail trade, services, and state and federal government. The Bay system is
economically important for shipping, commercial fishing, recreation, tourism, and real estate
value.

The Chesapeake Bay region is characterized by a humid, moderate, continental climate with
warm humid summers and cold, but not severe, winters. Westerly winds prevail in the mid-
Atlantic region of the U.S., bringing most of the weather systems from west to east. The
Appalachian Mountains in western Maryland modify weather patterns coming in from the west.
This phenomenon combines with the presence of the Chesapeake Bay and the Atlantic Ocean to
create moderate weather in the area. Precipitation is fairly uniform throughout the year with
August being the wettest month and February the driest. Normal annual precipitation varies
from thirty-six inches to forty-seven inches (91 cm to 119 cm) in different areas of the state.
During the colder months, high and low pressure systems alternate. This results in surges of
warm, moist air from the south and east, and cold, dry air from the north and west. These
changes in wind direction can cause the weather to change radically from one day to the next.
Heavy precipitation during the cold time of year is generally the result of low pressure systems
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moving north or north-eastward along the Atlantic coast. During the warmer months the
Bermuda High, a large semi-permanent subtropical high pressure system, spreads warm humid
air northward over the area from the south and southeast. Heavy precipitation during this time of
year generally falls in the form of thunderstorms, and most of these occur from May to August.

The broad range of environmental conditions in the Chesapeake Bay results in a wide variety of
ecosystem types and, in turn, in a tremendous diversity of life. This is the home of a broad
variety of marshes: estuarine river marshes (fresh and brackish), estuarine bay marshes (fresh,
brackish, and salt), and coastal embayed marshes. These marshes regulate river flow, help
prevent flooding of upland areas, sequester nutrients and other pollutants, and provide essential
habitats and nursery areas for Chesapeake Bay living resources such as fish, shellfish, crabs, and
waterfowl.

1.4 THE RESERVE MISSION STATEMENT
The mission of CBNERR-MD is:

““to improve coastal resource management by increasing scientific understanding of estuarine
systems and making estuarine research relevant, meaningful, and accessible to managers and
stakeholders.”

The Reserve as a whole works towards achieving its mission through its different programs:
administration, research, education, coastal training, and stewardship.

Administration: Seeking resources including funding to enhance all Reserve program sectors,
cultivating new and fostering existing relationships with partners, and supporting staff
professional development.

Research and Monitoring: Conducting, coordinating, and translating relevant research and
monitoring information to improve decision-making.

Education: Building estuarine and environmental literacy through programs with teachers,
students, and communities that will connect them to the Chesapeake Bay and move them to take
action toward its protection and restoration.

Coastal Training: Facilitating informed and improved decision-making by making estuarine
research relevant, meaningful, and accessible to managers and stakeholders. The initial focus is
to develop Coastal Trainings that help elected and appointed officials and their staff make wise
decisions and find solutions using sound estuarine science.

Stewardship: Protecting, managing and restoring three ecologically-valuable estuarine sites and
providing stewardship opportunities for Marylanders.

Reserve staff work with local communities and regional groups to address natural resource
management issues, such as climate change, non-point source pollution, habitat restoration, and

36



invasive species. Through integrated research and education, the Reserve helps communities
develop strategies to deal successfully with these coastal resource issues. The Reserve provides
adult audiences with training on estuarine issues of concern in their local communities. It offers
field classes for K-12 students and support teachers through professional development programs
in marine and estuarine education. The Reserve also provides long-term water quality
monitoring as well as opportunities for both scientists and graduate students to conduct research
in a “living laboratory” (NERRS 2009).

1.5 CBNERR-MD MANAGEMENT STRUCTURE AND PRIORITIES

The management structure of CBNERR-MD presents opportunities and challenges that may be
unique among other designated reserves in the NERRS because of the multi-component nature of
this Reserve. With three components CBNERR-MD encompasses multiple habitat types and a
variety of management issues. The Reserve is managed to achieve local, state and federal
objectives. Reserve staff coordinates and conducts activities and programs which are of interest
to one or more sites. Each component also has site-driven programs to meet its research,
monitoring, educational, and general use needs.

The three geographically distinct components of the Reserve are separated by a significant
distance. Each of these components is also located in a different local jurisdiction, which is the
primary historical reason that each of the Reserve component sites has a different site ownership
and management as summarized in Table 1.5.1. Each of these site owners participates in the
Reserve through a Memorandum of Understanding with Maryland DNR.
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Table 1.5.1 Management structure of the Maryland Chesapeake Bay National Estuarine Research Reserve

components.
Reserve Site Owner Site
Component Management
Responsibility
Leight Park Harford County Department of
Parks and
Recreation
Otter Point Melvin G. Izaak Walton IWLA and
Creek Bosely League of Harford County
Conservancy America (IWLA) Department of
Harford County Parks and
Chapter Recreation
Deal Island Maryland Wildlife and
Monie Bay Wildlife Department of Heritage
Management Natural Resources Division
Area
Jug Bay Anne Arundel Department of
Wetlands County Recreation and
Sanctuary Parks
Jug Bay Patuxent Maryland- Department of
River Park National Capital Parks and
Park and Planning Recreation

Commission

As the Nation’s largest estuary and a region experiencing substantial population growth,
increasing development pressures, and land use changes, as well as subsidence and sea level rise,
the Chesapeake Bay region is confronted with numerous management issues. The Reserve’s
programs are primarily focused on five management issues (Maryland DNR 2008).

Two categories of key stressors require management actions to reduce their impacts on estuarine

systems:

e Population growth and development, increases in impervious surface, the loss and
alteration of habitat and vegetation in the watershed, and increases in point source flows.
These losses and alterations affect both: 1) hydrologic and pollutant inputs, and 2) living
resource food web dynamics and community structure.

e Climate change, subsidence, erosion, flooding and inundation, and the altering/hardening
of shoreline structure. These issues have both ecosystem and socio-economic

implications. Delaware and Maryland are the third and fourth most vulnerable states to

sea level rise after Louisiana and Florida, and the Monie Bay component is located in one
of the most vulnerable counties in Maryland.
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Management actions will aim to help protect and restore:

e Sustainable living resource animal populations and communities (terrestrial and aquatic,
including fish, reptiles, amphibians, birds, mammals and invertebrates). Reserve
programs will address issues related to reduced population numbers and species diversity.
In addition to the stressors listed above, bacterial contamination, toxic contamination, and
invasive species affect these populations and communities.

e Important habitats including Submerged Aquatic Vegetation (SAV — bay grasses),
emergent plant, and native terrestrial plant communities. Losses and changes to these
communities will be investigated and addressed. In addition to the stressors listed above
invasive species can adversely affect these plant communities and reduce habitat value.

e Healthy water quality/habitat. Key factors that degrade water quality include excessive
nutrients and sediments. For example, these factors can cause low dissolved oxygen,
less desirable phytoplankton and zooplankton assemblages, and Harmful Algal Blooms.

The Chesapeake Bay is arguably one of the most studied and managed bodies of water in the
United States. Multiple programs are run by various groups through out the watershed. This
situation provides unique opportunities as well as challenges. Communication with other
programs within Maryland DNR such as the state coastal program and with other state agencies
is essential, including Maryland’s Department of Planning, Department of Environment,
Department of Agriculture, and Department of Transportation. Key partners in addition to the
Reserve component partners and NOAA/Estuarine Reserves Division include local universities
and colleges, informal education centers such as the National Aquarium in Baltimore and the
Salisbury Zoo, Sea Grant, Critical Area Commission, Tributary Strategies, Chesapeake Bay
Trust, Environmental Protection Agency Chesapeake Bay Program, NOAA Chesapeake Bay
Program and other NOAA offices, the Mid-Atlantic Coastal and Ocean Regional Association,
municipal and county agencies, the business community and other local entities including citizen
groups and non-profits. The Reserve works to leverage opportunities and to encourage and
facilitate collaboration to achieve t