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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).
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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).

24



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).

WEST COAST
O
Washington

NORTHEAST

w Hampshire
By
s ? Waguoit Ba; Massachusetts
Marraganseit Bay, Rhode Island
MID ATLANTIC

v ® Jacgues Cousteau, New Jersey
ancisco Bay, California ® Delaware

Slough, California % HChesapeake Bay, Maryland

)
t! \
@, Chesapeake Bay Virginia
SOUTHEAST
) _ ® North Carolina

O a River, California # North Inlet-Winyah Bay, South Carolina
@& ACE Basin, South Carolina

T" Sapelo Island, Georgia

, Mississippi() """" -‘\ . Guana Tolomato Matanzas, Florida

# Mission-Aransas, Texas

Kachemak Bay, Alaska GULF OF MEX

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
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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 the Reserve's mission.

1.6 CBNERR-MD RESERVE COMPONENTS

Today, the three CBNERR-MD components incorporate a total of 4,962 terrestrial acres and
1,268 acres of open water (Table 1.6.1). Maryland’s multi-component Reserve reflects the
diversity of estuarine habitats found within the Maryland portion of the Chesapeake Bay. The
Reserve’s three components are in geographically distinct locations as shown in Figure 1.1.1.
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Table 1.6.1 Acreage of Maryland Chesapeake Bay National Estuarine Research Reserve components.

Acreage Summary
Reserve Land Open Total
Component Water
Otter Point Creek 475 261 736
Jug Bay 1,817 251 2,068
Monie Bay 2,670 756 3,426
Total 4,962 1,268 6,230

1.6.1 Otter Point Creek

The Otter Point Creek component (OPC) is located in densely populated Harford County, near
the town of Edgewood and near the U.S. Army’s Aberdeen Proving Grounds. A large area of
suburban road network is found in the watershed that flows into Otter Point Creek. Otter Point
Creek is a small arm of the larger Bush River, which is a tidal portion of the Upper Chesapeake
Bay. The core area of the OPC component encompasses one of the few tidal fresh marshes in
the upper Chesapeake Bay that is still in a relatively natural and undisturbed condition. It also
includes forested wetlands, upland hardwood forests and shallow, open estuarine waters. A high
diversity of floral and faunal populations is found here, including submerged aquatic vegetation
(bay grasses), waterfowl, and mammals.

The need for public education has been and will continue to be a major focus for the Reserve at
this component along with coastal training, research and monitoring, stewardship, and restoration
activities. Future management of the component will need to consider how to mitigate the
effects of a rapidly growing population and increased development in the watershed. Increasing
sediment and nutrient loads at OPC and within the Bush River system are an immediate concern.

1.6.2 Jug Bay

The Jug Bay component consists largely of a shallow, tidal fresh embayment of the Patuxent
River, fringing marshes and feeder streams, and adjacent uplands. This Reserve component is
near the mid point of the 175-km (109-mile) long Patuxent River watershed; surrounding areas
have a mix of natural area, agriculture and development. Jug Bay is located relatively close to
urban centers and is under development pressure, yet it is still relatively pristine due to
preservation efforts along the Patuxent River.

The core area of the Jug Bay component consists of open water of the Patuxent River and Jug
Bay, the tidal portions of Two Run, Black Walnut Creek, Western Branch and the fringing tidal
wetlands along the shoreline. Since this component incorporates property in two counties, the
core area in each county was delineated to represent an ecological subunit. Together, these two
areas complement each other to form a more diverse, complete ecological unit. The waters of
the river and Jug Bay unify the tidal wetlands systems on opposite sides of the shore.
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The Jug Bay core area provides habitat for a wide diversity of flora and fauna, including over
200 species of birds. Jug Bay is designated as an Audubon Important Bird Area (IBA); over 100
native species are documented as confirmed or probable breeders. Twenty-two species of ducks
use the site's wetlands for breeding and wintering. This is also the farthest upriver spawning area
for striped bass (Morone saxatilis) in the Patuxent River. Several rare and endangered species
are found in this area.

The Patuxent River is eutrophic due to large inputs of anthropogenic sources of nitrogen and
phosphorus from wastewater treatment plants, failing septic systems, agricultural fertilizers,
urban/suburban runoff, and atmospheric deposition. Water quality at the site is driven in part by
the vast tidal freshwater marshes that have the capacity to help reduce contaminants and aid in
biological processing at the site. Additionally, water quality is heavily influenced by the rapid
movement of water and tidal flux associated with the mainstem of the Patuxent River. The
mainstem water quality is heavily influenced by a large wastewater treatment plant that
discharges treated effluent into Western Branch, a tidal tributary of the Patuxent River with
confluence just above Jug Bay. As of 2003, the Western Branch Wastewater Treatment Plant
discharges over 20,000,000 gallons per day (20 mgd) and its total capacity equals 30 mgd
(Maryland DNR 2003). The wetlands at Jug Bay help improve water quality via the microbially-
mediated process of denitrification that takes place in tidal sediments, and the seasonal uptake of
nutrients by emergent and submerged aquatic plants during the growing season.

Future management of the area should focus on (1) effects of land use change and mitigation
efforts on upstream waters; (2) impacts of wastewater treatment effluent on local water quality;
(3) effects of migratory waterfowl on marsh vegetation, nutrient concentrations and fecal
coliforms at the site, and (4) how changes in sediment accretion rates and/or sea level rise may
alter marsh habitat.

1.6.3 Monie Bay

The Monie Bay component lies along the northern side of the Deal Island peninsula in Somerset
County. It is comprised of mesohaline saltwater marshes, tidal creeks, pine forests and shallow
open water that provide habitat for many species. The open water of tidal Monie Bay merges
with the Wicomico River before reaching Tangier Sound and the Chesapeake Bay.

The Monie Bay watershed is relatively undeveloped with limited agricultural activities, including
chicken farming. Water quality at the site is driven in part by tidal flow from the Chesapeake
Bay mainstem as well as vast tidal saltwater marshes and creeks that make up the watershed.

The site is comprised of three main tidal tributaries, Little Monie Creek, Monie Creek and Little
Creek, which range in salinity from mesohaline to oligohaline. In addition to their range in
salinity, they also differ in the amount of development (specifically agricultural) that impacts
each creek. Monie Creek is the largest of the three creeks and has a large freshwater input as well
as high agricultural input. Little Monie Creek is slightly smaller with less freshwater input
causing salinity to be higher at 10-12 ppt and has moderate agricultural input. Little Creek is the
smallest of the three tributaries and has less freshwater inflow and increasing tidal influence with
salinity ranging from 12-13 ppt and no agricultural or other development within the watershed.
The three different tributaries with their differences in salinity and agricultural input provide a
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framework for a natural experimental design that lends itself to comparative research.

Maryland is the third most vulnerable state to sea level rise in the United States, and Somerset
County is one of the most vulnerable counties to sea level rise in Maryland. Subsidence, relative
sea level rise, and erosion are important processes affecting Monie Bay. Future management of
the area should focus on (1) effects of land use, land use change, and best management practices
on the tidal creeks; (2) impacts of varying water quality on aquatic species; and (3) how changes
in sea level rise may impact the marsh ecosystem.

1.7 CBNERR-MD RESEARCH AND MONITORING PROGRAMS

Currently, there are two NERRS system-wide efforts to fund estuarine research and monitoring
activities—the Graduate Research Fellowship Program (GRF) and the System-wide Monitoring
Program (SWMP). In addition, the National Estuarine Research Reserve’s Science
Collaborative, initiated in 2009 was designed to put NERRS-based science to work in coastal
communities. This program is administered by the University of New Hampshire and funds and
provides competitive grants to support Reserve-led research projects that bring scientists,
intended users of the science, stakeholders, educators, and trainers together to address problems
related to coastal pollution and habitat degradation in the context of a changing climate.

1.7.1 Graduate Research Fellowship Program

The Graduate Research Fellowship Program supports students to conduct high quality research
in the reserves. The fellowship provides graduate students with funding for one to three years to
conduct their research, as well as an opportunity to assist with the Research and Monitoring
Program at the host reserve. Projects must address coastal management issues identified as
having regional or national significance; relate them to the reserve system research focus areas;
and be conducted at least partially within one or more designated reserve sites. Currently,
proposals must focus on the following areas:

Eutrophication, effects of non-point source pollution and/or nutrient dynamics
Habitat conservation and/or restoration

Biodiversity and/or the effects of invasive species

Mechanisms for sustaining resources within estuarine ecosystems

Economic, sociological, and/or anthropological research applicable to estuarine
ecosystem management

Students work with the Research Coordinator or Reserve Manager at the host reserve to develop
a plan to participate in the reserve’s research and/or monitoring program. Students are
encouraged to provide up to 15 hours per week of research and/or monitoring assistance to the
reserve; this effort may take place throughout the school year or may be concentrated during a
specific season.
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1.7.2 System-Wide Monitoring Program

It is the policy of CBNERR-MD to fully implement the System-Wide Monitoring Plan initiated
by ERD in 1989:

e Environmental Characterization, including studies necessary for inventory and
comprehensive site descriptions

e Site Profile, to include a synthesis of data and information

e Implementation of the System-wide Monitoring Program

The System-wide Monitoring Program provides standardized data on national estuarine
environmental water quality and weather trends while allowing the flexibility to assess coastal
management issues of regional or local concern. The principal mission of the monitoring
program is to develop quantitative measurements of short-term variability and long-term changes
in the integrity and biodiversity of representative estuarine ecosystems and coastal watersheds
for the purposes of contributing to effective coastal zone management. The program is designed
to enhance the value and vision of the reserves as a system of national references sites.

Currently, the program focuses on three different ecosystem characteristics.

1) Abiotic variables: The monitoring program currently collects high resolution data (collected
every 15 minutes) on pH, conductivity, salinity, temperature, dissolved oxygen, turbidity, water
level and atmospheric conditions. In addition, the program collects monthly nutrient and
chlorophyll a samples and monthly diel samples at one SWMP data logger station. Each reserve
uses a set of automated instruments and weather stations to collect these data for submission to
the Centralized Data Management Office (CDMO). At some of the CBNERR-MD stations the
data are telemetered so that they are accessible in near-real time through both the Eyes on the
Bay and CDMO web sites.

All SWMP abiotic data from all reserves are compiled electronically at the central data
management “hub” CDMO, located at the Belle W. Baruch Institute for Marine Biology and
Coastal Research of the University of South Carolina. CDMO provides additional quality
control for data and metadata and they compile and disseminate the data and summary statistics
via the Internet (http://cdmo.baruch.sc.edu/) where researchers, coastal managers and educators
readily access the information. The metadata meets the standards of the Federal Geographical
Data Committee.

2) Biotic variables: NERRS is focusing on monitoring biodiversity, habitat and population
characteristics by monitoring organisms and habitats as funds are available. Ongoing programs
at CBNERR-MD include underwater grass (SAV) monitoring, emergent vegetation monitoring,
and volunteer-driven fish, marsh birds, and herp monitoring.

3) Watershed habitat mapping and change: This effort attempts to identify changes in coastal

ecological conditions with the goal of tracking and evaluating changes in coastal habitats and
watershed land use/cover. The main objective of this element is to examine the links between
watershed land use activities and coastal habitat quality.
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1.7.2.1 Implementation of the System-wide Monitoring Program (SWMP) at CBNERR-MD

The CBNERR-MD Research Program aims to provide accurate and reliable baseline information
that is useful in detecting changes over time and determining spatial heterogeneity of
environments at each component. The NERR System-wide Monitoring Program’s protocols are
followed for weather and water quality monitoring. Additionally, efforts are made to standardize
all monitoring protocols and approaches at all sites, both in the tidal and non-tidal waters, to
allow for cross-site comparison and use at the State, regional and national level. Monitoring
efforts are done in close cooperation with the DNR at the State level and NERRS at the national
level.

The Reserve participates fully in the monitoring of abiotic parameters of SWMP (monitoring
water quality and weather parameters) for long-term change and short-term variability. Water
quality monitoring efforts remain a high priority due to the local, regional and national
importance of the data. Shallow water habitat monitoring, including submerged aquatic
vegetation (underwater grasses) and marsh vegetation, is also a high priority at all CBNERR-MD
components. Emphasis is placed on efforts to improve the knowledge of shallow water systems
with particular attention on tracking water quality that is useful to the EPA’s Chesapeake Bay
Program and their efforts to assess shallow water based on criteria for dissolved oxygen, water
clarity, and chlorophyll a concentrations.

The CBNERR-MD Research Program includes a variety of biological monitoring studies that go
beyond macrophytes, and includes macroinvertebrates (freshwater), nekton, birds, reptiles,
amphibians, and mammals. Studies related to climate change, subsidence, erosion, accretion,
and sea level rise, and associated ecosystem responses have become a heightened priority. Since
2008, CBNERR-MD has moved forward with the establishment of core infrastructure to make of
this Reserve a Sentinel Site for climate change. This is a NERRS-wide effort lead by NOAA-
ERD for the detection and monitoring of climate change impacts on coastal ecosystems. It
provides a unique platform to fulfill existing information and monitoring gaps that would support
initiatives to better adapt and mitigate to climate change impacts in the coastal zone. Also, by
2014, CBNERR-MD plans to complete a land use characterization of the Reserve and its
watershed.

Applied research activities that aim at meeting management needs are strongly encouraged.
Efforts are made to find creative ways and develop partnerships that will help fund management
driven research questions at the Reserve. Research activities that allow for educational outreach,
volunteer involvement and stewardship are particularly important.

1.8 RESERVE FACILITIES

Reserve staff has office space in the Maryland DNR headquarters, which is the Tawes State
Office Building in Annapolis, Maryland. This is central to the three Reserve components and is
approximately 48 km (30 miles) from Jug Bay, 80 km (50 miles) from Otter Point Creek, and
161 km (100 miles) from Monie Bay.
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In addition to the main office in Annapolis, the Reserve also uses building space at the Jug Bay
and Otter Point Creek components. Monie Bay has very limited facilities that are mainly used to
keep research equipment. The Anita C. Leight Estuary Center, in Harford County’s Leight Park,
which is part of the Otter Point Creek component, is one of those spaces (Figure 1.8.1). In
addition to serving Harford County’s needs for environmental education and outreach, this
facility provides Reserve office space and the capability for conducting and coordinating
education, research, monitoring and public outreach activities.

Figure 1.8.1 Anita C. Leight Estuary Center, Otter Point Creek.

Another important facility in the Reserve is the Visitor Center and headquarters building in
Patuxent River Park in Prince George’s County, which constitutes part of the Jug Bay
component. These facilities are operated by the Maryland National Capital Park and Planning
Commission. These facilities, including an education laboratory (Figure 1.8.2), are valuable
staging areas for research, monitoring and education/outreach.

Figure 1.8.2 Education laboratory, Patuxent River Park in Prince George's County.

A third key facility for the Reserve is the McCann Wetlands Study Center in Anne Arundel
County’s Jug Bay Wetlands Sanctuary, which is also part of the Jug Bay component (Figure
1.8.3). In addition to serving as the headquarters and central programming hub for the
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Sanctuary, this facility is a key staging facility for the Reserve’s efforts at Jug Bay including
research, monitoring and education/outreach.

-

Figure 1.8.3 McCann Wetlands Study Center in Anne Arundel County’s Jug Bay Wetlands Sanctuary
(southern area — original sanctuary).

A fourth key facility is the Plummer House in Anne Arundel County’s Jug Bay Wetlands
Sanctuary’s northern area, the Glendening Preserve. This area was incorporated into the Reserve
with the 2008 Management Plan (Maryland DNR 2008). This facility provides office space,
meeting space, and a staging ground for coastal training, volunteer, research and education
programs. This facility also includes demonstration bayscaping developed as part of a Coastal
Training Program, and most of the electricity for this building is provided by a demonstration
solar panel project completed in 2010 (Figure 1.8.4).

Figure 1.8.4 (a) Plummer House in Anne Arundel County’s Jug Bay Wetlands Sanctuary (northern area —
Glendening Preserve). (b) Anne Arundel County Executive John Leopold at Plummer House solar panel
dedication in 2010.
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CHAPTER 2. THE ECOLOGY OF THE
OTTER POINT CREEK ESTUARY

2.1 OVERVIEW

Otter Point Creek (OPC) was designated as a component of the Chesapeake Bay National
Estuarine Research Reserve in Maryland (CBNERR-MD) on October 4, 1990. With a total of
299 hectares (736 acres), including land and water, the OPC Reserve is the smallest of the three
CBNERR-MD components (Figure 2.1.1). OPC, a tributary of the Bush River, is located at
approximately Latitude 36° 26” North, Longitude 76° 18" West. Above the head of tide, OPC is
known as Winters Run. In addition to Winters Run, another tributary that enters the component
boundaries is HaHa Branch. The entire component is fresh to oligohaline and is strongly
dominated by freshwater and sediment input from the watershed.

The OPC component includes freshwater tidal marshes, riparian forest, upland hardwood forests
and shallow, open estuarine waters. The core area consists of an estuarine wetland complex
which includes tidal marshes east of some old sewage lagoons, tidal creeks and guts running
through the marshes, and open water extending eastward to Otter Point. This core area
encompasses one of the few remaining freshwater tidal marshes in the upper Chesapeake Bay
that is still in a relatively natural and undisturbed condition. A high diversity of floral and faunal
populations is found here, including emergent and submerged aquatic vegetation, waterfowl, and
mammals.

Otter Point Creck =~ ¢+

Figure 2.1.1 Geographic location and boundaries of OPC, component of the Chesapeake Bay National
Estuarine Research Reserve in Maryland.

The OPC Reserve is located in the densely populated Harford County, a rapidly urbanizing
suburb of Baltimore located along the major travel corridor between Baltimore and Washington
D.C. to the south and the urban areas of Pennsylvania, Delaware, and New Jersey to the north
and east. In addition to several major highways (195, U.S. 1, and U.S. 40), Conrail Tracks pass
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the component to the north and Amtrack tracks pass to the south. The construction of several of
these transportation corridors has altered the drainage patterns in the watershed and has
influenced the formation of the marsh. Figure 2.1.2 shows the large area of suburban road
network found in the watershed that flows into OPC.

Bush River Watershed

Figure 2.1.2 Suburban road network found in the Bush River watershed, which flows into OPC.

Because of the pressure of urbanization in the immediate vicinity and in the upstream watershed,
the OPC estuary is facing potential threats from alterations in hydrology, sedimentation patterns,
and anthropogenic physical impacts. Under current conditions, environmentally sound
management activities are necessary in order to preserve the ecological integrity of this
important tidal freshwater ecosystem.

Public access to OPC is managed by the two property owners.
1. The Harford County Chapter of the Izaak Walton League of American owns the Melvin
G. Bosely Wildlife Conservancy. The Conservancy forms the western portion of OPC,
and can be reached from Route 40 via Edgewood Road, Hanson Road, and Perry Avenue.
2. Harford County owns Leight Park, which is the eastern portion of OPC. The Park can be
reached by taking Otter Point Road south from Route 40. Access to open water is limited
by accessibility from land and by intermittent shallow water caused by changing tides.
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2.2 HISTORICAL LAND USE AND CULTURAL RESOURCES

The history of land use in the Winters Run watershed including OPC has been summarized by
Hilgartner and Brush (2006) and Hilgartner (1995). Land use history of the upper Chesapeake
shore in general and its impact on the estuary was described by Brush and Hilgartner (2000) and
Davis (1986). These references provide the baseline of information for what follows with some
annotation.

Human disturbance before European settlement in the 17th century was minimal (Custer 1986).
Populations of no greater than 6,000 along the entire Maryland coastline of the Chesapeake Bay
(Ubelaker and Curtin, 2001) cleared less than 1% of forests (Brush 1984). Anthropogenic fire
within the uppermost reaches of Winters Run watershed may have been important in producing
“grasslands or grassland savannahs” (Marye 1955a, 1955b). A charcoal peak found in sediments
deposited during the 13th century in OPC suggests increased wildfire or human-set fires during
that time (Hilgartner 1995).

Harford County was the home to a flourishing Native American population for at least 5,000
years. Traces of Susquehannock, Conoy, and Massawomek habitation have been found in the
tidewater regions near the Chesapeake, on now-submerged islands of the Susquehanna River,
and along the streams and creeks across the County (Harford County 1998).

Campsite clearings during the Early and Middle Woodland Period of Native Americans (1000
B.C. to 1000 A.D.) were located near wildlife resources, migration routes, and riparian resources,
especially near embayments of small streams and rivers (Gardner et al. 1988; Frye 1986). An
archaeological site from this period existed at the location of the present Edgewood Meadows
housing development (Gardner et al. 1988). Maize agriculture appeared in the region around 800
A.D. and supplemented hunting and gathering activities as a means of supplying food for the
local population. The development of agriculture led to larger more long term settlements in
areas near both agricultural lands and estuarine resources. Localized clearings grew into
agricultural hamlets, and the crops grown expanded to include beans, squash, and some tobacco.
The villages were probably abandoned every 10-12 years due to exhaustion of the soil and a lack
of firewood. Much of the forest in areas near Native American settlements lacked undergrowth
which would indicate regular burning. A “barrens” that existed at the headwaters of Winters
Run is believed to be the result of periodic burning by the Native Americans (Custer 1984 and
1986; Frye 1986; Gardner et al. 1988; Potter 1993). In 1608 Captain John Smith described much
of the western shore of the upper Chesapeake (including the Bush River) as consisting of
extensive woods with virtually no visible sign of humans (Barbour 1964).

European settlement began with the first land patents in the Bush River area in 1658; by 1700 the
entire shoreline was patented (Wright 1967). In 1661 Old Baltimore Towne was established as
the county seat of Baltimore downriver on the Bush River. In 1691, the town was abandoned and
the county seat was relocated in Joppa Towne along the Gunpowder River, after siltation of the
harbor and trading distance became a problem. By 1700 isolated tobacco farms were situated
along the estuary for easy transportation. Because tobacco planting (clearing-crop-abandonment-
succession) was a low impact crop, not much soil was erodible. By 1730 settlement began to
expand away from the shore and into the Piedmont uplands. Land under cultivation is estimated
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to have been between 5% and 20% in the upper Chesapeake Bay region (Jacobson and Coleman
1986; Davis 1985; Karinen 1959).

During the next 50 years large plantations added corn, oats and wheat to the tobacco crops
(Gardner et al. 1988). Land under cultivation increased to 50% between 1770 and 1800 (Davis
1985). Deforestation in the watershed began to accelerate in the early 18th Century, so that by
1730 forest cover had declined to between 95 and 80%, by 1800 to 80 to 50%, by 1850 to 50 to
40%, and by 1900 to 40 to 20%. Thus the period that witnessed the most rapid and extensive loss
of forest was 1730-1800 (30%). Erosion from increasing land clearance, agriculture and
development produced increased sedimentation in nearby ports and caused the abandonment of
Joppa Towne as the county seat in 1768. The Baltimore County Seat was moved to the present
location of Baltimore along the Patapsco River. Eutrophic conditions in Chesapeake Bay became
established for the first time in at least 2,500 years when increased nitrogen and planktonic
diatoms and a decline in benthic diatoms and overall diatom diversity occurred during the mid-
18th century (Cooper and Brush 1993).

The 19th century brought a switch from low intensity tobacco farming to grain agriculture when
farming became mechanized. From 1800 to 1850 an increase in more land under cultivation,
increased fertilizer use and deep plough farming produced increased upland erosion, intensifying
eutrophication and sedimentation in the estuary (Brush 1992; Earle 1992). In an 1836 map, OPC
is shown as an open estuary surrounded by farmland with only six houses located within a
kilometer (0.62 miles) of the Creek (Hazelhurst 1836). At this time the Pennsylvania Railroad
was under construction downriver across the Bush River (near the present Route 40).

The period from 1850 to 1910 was marked by mining of quartz and iron ore, cannery
construction and distribution, major railroad construction, further deforestation on marginal land
with steep slopes, and the most important period of sedimentation in OPC (Hilgartner and Brush
2006; Earle 1992; Frye 1986). Iron ore was mined in nearby Abingdon in the 1880s, a town
which also served Otter Point Landing, an important shipping port (Frye 1986). By 1890 many
large farms in the area had their own canneries of shoe-peg corn (Gardner et al. 1988). The
Baltimore and Ohio Railroad was built paralleling present-day Route 40 between 1880 and 1885.
Forest cover dropped to 20% by 1900 in Harford County. Jacobson and Coleman (1986)
calculated that sedimentation in the Piedmont counties, including Harford County, rose sharply
throughout the 1800s, peaking around 1880. Hilgartner and Brush (2006) found that the period of
highest sedimentation rates occurred throughout the OPC estuary between 1840 and 1880,
causing a shift from open water to low marsh, and in some places high marsh and forest. The
wetland forested area adjacent to the Perry Avenue Pumping Station established in 1850
(Hilgartner and Brush 2006). Today this 160 year old riparian forest contains giant sycamores
and river birches with a series of nature trails threaded throughout.

After 1910, an increasing number of farms were abandoned, resulting in greater forest cover over
subsequent years. In 1917, much of the area downriver from OPC was purchased by the U.S.
Army for Edgewood Arsenal and Aberdeen Proving Ground. From that time on, agriculture and
residential development ceased and much of the 18,000 hectare (44,479 acres) area returned to
forest.
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Afforestation increased to 35% between 1910 and 1950 as farms were abandoned, particularly
after 1935, in part the result of the Great Depression (Brush 1989; Jacobson and Coleman 1986).
This also represented an important period of road and dam construction within the Winters Run
watershed. Route 40 was constructed in 1938, with a 2.5 m embankment along the north end of
OPC. Atkisson Dam and the much smaller Van Bibber Dam downstream were built in the 1940s
during World War Il. Evidence from sediment cores shows that a large amount of sediment
deposition into OPC occurred prior to 1950, attributable to these construction projects
(Hilgartner and Brush 2006). Construction has been shown to cause sharp spikes in sediment
input due to exposed erosional surfaces (Groffman et al. 2003; Wolman 1967). The OPC wetland
underwent a shift again to greater marshland and more forested area, with two main deltaic
channels, reaching much of its present day geomorphology. No significant expansion of marsh
has occurred since 1950 based on sediment cores and aerial photos, indicating that the dams have
served as a sediment trap since 1950.

The period from 1950 to the present (2010) has been one marked by housing and residential
developments and an explosion in population growth. Population growth in Harford County
(which includes the entire Winters Run and Bush River watersheds) increased slowly, from
12,700 people in 1775 to 35,000 around 1925. By 1750 the Native Americans were absent from
the present Harford County. Population growth accelerated after 1925; by 2007 the population
had reached 238,960 (Source: U.S. Census Bureau, 2005-2007 American Community Survey;
retrieved April 2009 from http://factfinder.census.gov/home/saff/main.html?_lang=en).

Improvements in transportation, including the construction of Interstate 95 and the
implementation of State owned commuter rail service increase the feasibility of working in the
city of Baltimore and living near the Reserve component. All these factors are tending to
increase the trend of urbanization within the OPC watershed. In addition, the implementation of
the 2005-approved Base Realignment and Closure (BRAC), which calls for the repositioning of
thousands of overseas U.S. troops and stateside base closings or adjustments, will directly affect
Harford County development. An approximate number of 4,400 of military, government
civilian, and civilian contractor staff are expected to be relocated to Harford County area (Flakes
2007).

Edgewood Meadows, a residential development along the southwestern shore of OPC was built
during the 1960s. In 1976 the Harbor Oaks subdivision along the southeast shore of OPC was
approved and expanded. During the mid-1980s through the mid 1990s the Westshore townhouse
development was completed in stages along the north edge of the wetland. Sediment trap ponds
were constructed between the townhouses and the wetland. Within the wetland itself, sewage
lagoons were excavated between 1966 and 1968 as an interim sewage treatment measure while
the Perry Avenue, Winters Run and Bill Bass Pumping Stations were being constructed. The
ponds were abandoned in 1971 and were inundated with sediment by flooding from Hurricane
Agnes in 1972. Today the lagoons are mostly marsh with a ring-like channel around each
periphery. Route 24 was built at the southwest edge of the wetland in 1971, creating an 8.5 m
high embankment. Flooding from Hurricane Agnes also converted the forested wetland adjacent
to the road into a marsh which has remained to the present (Hilgartner and Brush 2006).
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The property comprising the Melvin G. Bosley Conservancy was purchased by Melvin Bosley, a
local real estate developer and donated to the Harford County Chapter of the Isaak Walton
League to serve as habitat for the preservation of waterfowl and fish for sport. The area is now
bordered by a trailer park and housing developments on both sides of the riparian forest. There
is little buffer between the residential area and the Reserve. Although perimeter boundary signs
have been installed, human activity on the boundary remains high, and there has not been
universal acceptance of the need for access control on the part of the adjoining residents.
Through the CBNERR-MD partnership among the National Oceanic and Atmospheric
Administration, Maryland Department of Natural Resources, and Harford County, Leight Park
was established as a county park around 1990. The park provides nature and environmental
education of the river and its inhabitants. The Anita C. Leight Estuary Center was built in
October of 1996 with NOAA and county funding.

2.2.1 Archaeological resources

Harford County is one of the longest-settled areas in eastern North America. Within the County
there are 5,000-year-old archaeological sites from the era of the Susquehannocks, early English
colonial cabins, Palladian style mansions, two of the few remaining Freedmen's Bureau schools,
houses built by French emigres fleeing revolution in Europe and the Caribbean, and some of the
country's earliest and finest Gothic Revival Churches (Harford County 1998). Archaeological
remains in the area show the presence of aboriginal people as early as 9,500 years ago in the
Winters Run-Otter Creek watershed (Frye 1986). Furthermore, the Maryland Historical Trust
indicates that at least one archaeological site exists in the OPC component. Historically, it is the
site of Chilberry Hall, the birthplace of Maryland Governor William Paca. It is likely that
additional sites may be located here; however, an archaeological survey has not been conducted.

2.3 ENVIRONMENTAL SETTING

The OPC component of the Reserve forms part of the OPC subwatershed. This subwatershed is
163 km? (63 mi. %) in size and is one of three subwatersheds of the Bush River, along with Bush
Creek and Church Creek subwatersheds. In the area draining directly into the Bush River, the
OPC subwatershed contains two main drainage areas HaHa Branch and Winters Run, which at
the same time drain other sub-drainage areas including Mountain Branch, Plumtree Run, etc.
(Figure 2.3.1).

The Bush River is a very productive, complex, and dynamic system, and its productivity to a
considerable extent depends on the health of the marshes. Unfortunately, all three subwatersheds
in the Bush River have been listed by the State of Maryland as impaired waters and the
watershed as a whole is considered a priority for restoration (Maryland Department of Natural
Resources and Harford County 2002).
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Figure 2.3.1 Representation of Bush River subwatersheds and the main drainage areas of the OPC
subwatershed: Winters Run and HaHa Branch. Source: Harford County Department of Public Works
(2010).

2.3.1 Geologic History

The Bush River watershed lies entirely in Harford County, Maryland and drains 303 km? (117
mi.?) of land. OPC lies at the base of the Piedmont (fall line), within the Coastal Plain (Figure
2.3.2), a province underlain by Quaternary lowland gravel, sand, silt and clay deposits (up to one
million years B.P. — before present), with some unconsolidated Cretaceous gravel and sand on
the uplands (63 to 135 million years B.P.; Cleaves et al. 1968). Most of the watershed above the
fall line is within the Piedmont province and underlain by soils weathered from Precambrian and
early Paleozoic schist, granite, gneiss, gabbro, and serpentenite crystalline rocks.
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Physiographic Provinces of Maryland and Delaware

Source: U.S. Environmental
Protection Agency,
Chesapeake Bay Program
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Figure 2.3.2 Map showing the location of OPC in relation to Maryland physiographic provinces. Figure
on the right shows the location of the fall line (boundary separating the soft Coastal Plain from the hard
Piedmont). Stream and river reaches above the fall line are free-flowing; below the fall line they are tidal.

The Precambrian and Paleozoic geologic history of the Piedmont of north central Maryland and
southeastern Pennsylvania is complex, spanning a period of 1.1 billion years, and has been
described by Schmidt (1993) and Van Diver (1990) and more recently by Pyle et al. (2006). The
Piedmont landscape evolution of Maryland from the Permian to Recent has been summarized by
Cleaves (1989) and Costa and Cleaves (1984).

Highlights of this history are presented here. The basement rock known as Baltimore Gneiss
began as a granite intrusion into the former smaller North American continent during a mountain
building period called the Grenville Orogeny. Uranium-lead dating from zircon crystals in the
gneiss has produced dates ranging from 1.1 billion years in Maryland to 1.075 billion years in
southeastern Pennsylvania. An unconformity of approximately 600 million years is found
between this lower gneiss and the overlying Setters Formation of the Glen Arm Series. This
represents an incredibly long erosional period. The Setters Formation is predominantly quartzite
and gneissic, originally sediments laid down in shallow off-shore environments in the Cambrian
Period around 540 million years ago. Overlying the Setters is Cockeysville Marble, a dolomitic,
metamorphosed limestone that indicates a tropical carbonate environment around 500 million
years ago. Overlying the marble is the Loch Raven Schist (formerly known as the Wissahickon
Schist). A Uranium-lead date of 480 million years places this formation in the early Ordovician.
The environment indicated by these metamorphosed sediments is a deep marine deposit in a
forearc basin. The forearc is a depression in the sea floor located between a subduction zone and
a volcanic arc. It was about this time, 490-480 million years ago, when metamorphism of the
Baltimore Mafic Complex, which includes serpentinite, was produced as parts of oceanic plate
were obducted onto the edge of a converging continental plate and volcanic island arc complex.
This period of metamorphism is known as the Taconic Orogeny, the first of three mountain
building periods in the Paleozoic of Maryland.
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A second mountain building period, the Acadian Orogeny, occurred during the mid to late
Devonian about 350 million years ago. During this orogeny, a mountain range and further
metamorphism resulted from the collision of the European plate and the Laurentian plate in New
England and Canada to the north of Maryland. Potassium-argon dating from biotite in Baltimore
Gneiss provides dates of 360-350 million years ago when recrystallization occurred. Some
Argon/Argon dates from the schist show that some metamorphism occurred as early as 410
million years ago, so this suggests that the Loch Raven Schist formed between 410 and 360
million years ago, and is consistent with the second period of metamorphism in the Baltimore
gneiss.

The third and final mountain building period was the Alleghenian Orogeny, which occurred
during the late Paleozoic from 300 to 250 million years ago. Northeastern Africa (Gondwana)
merged with eastern North America (Laurentia) producing Pangaea and the formation of
mountains perhaps as high as the modern Himalayas. This placed Maryland in a mountain range
in the middle of an enormous continent. By late Triassic times the plates separated, which
continued during the Jurassic with much erosion. A period of major erosion in the early
Cretaceous began producing much of what we see today on the western shore of Chesapeake
Bay. The early Cretaceous erosional period was most likely enhanced by tectonic uplift and
erosion of the Piedmont. These deposits are non-marine fluvial and deltaic sediments.
Numerous fossils of plants and reptiles have been recovered from similar sediments along the
Fall Line in Maryland.

Overlying the Cretaceous sands are Quaternary lowland sand, silt and clay, particularly along
rivers. The Quaternary sediments were primarily deposited during peri-glacial and Holocene
erosional periods. The Chesapeake Bay began to flood the old Susquehanna River valley about
10,000 to 8,000 years ago as Wisconsin glacial ice sheets melted and retreated northward,
producing sea level rise. The rate of sea level rise was too rapid for marsh establishment until
roughly 3,000 years ago when the rate of sea level rise slowed and the first tidal marshes began
to appear. It was about this time when the current dimension of the Bay was established and it
had reached its northernmost point. From 2,000 years until about 300 years ago the Bay appears
to have been a stable estuary with abundant flora and fauna. A pulse of high sedimentation
beginning 350 years ago from deforestation and colonial expansion produced steep river banks
and expanded marsh and riparian forest habitats into the estuary, further expanding marshland,
particularly along the western shore (Hilgartner and Brush 2006, Brush and Hilgartner 2000,
Khan and Brush 1994, Froomer 1980).

The Bush River and its tributary OPC were formed a little over 3,000 years B.P. by the melting
of the glaciers and the resulting rise in sea level. Currently, sea level continues to rise locally at
3.17 mm yr* (+ 0.13 mm yr™) reflecting a combination of regional land subsidence and global
sea level rise (Marcus and Kearney 1991, Kearney and Stevenson 1991). Local land subsidence
may be caused by the compaction of coastal plain sediments due to ground water withdrawal or
down warping of the strata adjacent to the Chesapeake Bay. Down warping yields the
redistribution of sediment from the upland land areas to the subtidal locations of the Chesapeake.
Rising sea levels acting on the unconsolidated sediments produce significant shore line erosion
and redisposition of sediment continuing the process until ultimately the Chesapeake fills in.
OPC, like most other tributaries below the fall line, is getting shallower with time. Although this
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process has been occurring since the Chesapeake was formed, deforestation for agriculture and
housing development are also responsible for the accelerated deposition of soil in shallow
waters. Shoaling of navigable waters is a problem of historical record in many places within the
Chesapeake. The most spectacular example of this is the more than two mile retreat of the
shoreline from the former port of Joppatowne (located on the adjacent Gunpowder River) and its
subsequent replacement by Baltimore as the principal port in Maryland.

The soil series identified on the western portion of OPC include Tidal marsh, Swamp, Hatboro
silt loam, and Codorus silt loam. Tidal marsh soils dominate the core area, ranging from sand to
clay. This is highly erodible soil; water channels have formed incised banks and would tend to
undercut shoreline trees. Stream channels are tidally influenced with currents reversing in some
of the cross channels with changes in tide. The high erodibility of the soils both in and upstream
of the marsh is the driving force in the expansion of the marsh area. Shallow cores taken from
the outer edge of the marsh show very little accumulation of the organic, fibrous plant material,
marsh peat, which characterizes the higher salinity marshes. This difference in the soils causes a
difference in the vegetation of the site as well.

Swamp soils, which occur near the old sewage oxidation ponds, may contain high concentrations
of sulfur compounds and are characterized by freshwater submersion nearly all the time.

Hatboro and Codorus silt loam are characteristic of the flood plain. These soils formed in recent
alluvium which originated in areas of crystalline rocks inland of the Coastal Plain.

The Leight Park property, located at the eastern portion of the site, contains several soil series.
Beltsville silt loam in moderate (5% to 10%) slopes is a moderately well drained soil found on
uplands of the Coastal Plain.

2.3.2 Climate and Weather

The climate around OPC is humid and continental. The weather is determined primarily by a
series of fronts moving generally from the northwest bringing changes in surface winds and
humidity. Weather information presented in the following sections is based on data collected
from two weather stations, one located in the Aberdeen Proving Grounds (39°26'N / 76°05'W)
and the other one located at OPC within the Reserve (39° 27.047° N / 76° 16.474” W). The
Aberdeen station has operated since 1918, while the station at OPC started operations in 2004.
Due to limited data accessibility from the Aberdeen Proving Ground station only data from
1993-2007 is presented here.

2.3.2.1 Weather annual patterns

Humidity within the OPC area is generally high throughout the year, ranging between 63% -
81%, with the months between June and October as the most humid (Figure 2.3.3).
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Figure 2.3.3 Monthly relative humidity averages (%) for the period 1993-2007. Data source: Aberdeen
Proving Grounds Weather Station. Data source: Aberdeen Proving Grounds Weather Station.

The average annual air temperature is 12 °C (54 °F) with average high temperatures in July and
August of about 24 °C (74 °F) and average lows in January of 1 °C (34 °F); (Figure 2.3.4).
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Figure 2.3.4 Monthly air temperature averages (°F) for the period 1993-2007. Data source: Aberdeen
Proving Grounds Weather Station.
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The water temperature in the Bush River and OPC may range from a summer high of 28 °C (82
°F) to a winter low of 2 °C (36 °F). Often, during the winter time, water temperature can drop to
0 °C (32 °F) and stay for a few days, which results in the formation of a layer of thin ice that
covers a large part of the OPC embayment (Figure 2.3.5).

Figure 2.3.5 A thin layer of ice forms during low water temperatures at OPC. Also shown is the location
of the CBNERR-MD weather station and the continuous water quality monitoring station.

The annual precipitation can be quite variable but is usually fairly evenly distributed throughout
the year (Figure 2.3.6). The monthly average precipitation ranges 5.5 — 12.6 cm (2.161 — 4.952

in.). The late summer is frequently dryer than the rest of the year, but there is no month which is
typically devoid of precipitation. The annual average precipitation is 9.3 cm yr* (3.651 in yr)

and the total annual precipitation is 111 cm (43.811 in.).
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Figure 2.3.6 Monthly average precipitation (inches) for the period 1993-2007. Data source: Aberdeen
Proving Grounds Weather Station.

As part of the weather component, wind is an important factor determining water level
conditions in OPC (see section 2.3.4. Hydrology). Because of the characteristic shallow
conditions of the OPC environment, strong winds that may result from occasional storms or
hurricanes can lead to significant changes on water levels, ranging from complete depletion of
water to water levels above normal conditions. For example, in 2003 strong winds associated
with Hurricane Isabel resulted in extremely high tides. Water level remained high for about 7-10
days following the storm, so much that there was not a distinction between low and high tides.
During that period, water level was approximately five feet (1.5 m) above normal high tide.

An annual analysis of wind direction and speed for the OPC area indicate a dominance of winds

blowing from the west with speeds that range between 0.5 to 8.8 m s™ (1.1 to 19.7 mph); (Figure
2.3.7).
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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.

Other weather phenomena that may affect OPC conditions are related to El Nifio or La Nifia
events. During the winter of 1994-1995 an EIl Nifio event resulted in a significantly warmer than
normal condition in this area and abnormally low snow cover, which lead to one of the five
warmest periods in the 100-year record for Maryland. These warm conditions continued through
the summer in association with a severe drought. A drastic change from a warm El Nifio to a
cold La Nifia occurred during the winter of 1995-1996 and OPC was completely frozen by the
beginning of December 1995. In January 1996, a blizzard dropped over 508 mm (20 in.) of
snow in the region and OPC remained frozen until April (Pasternack and Hinnov 2003).

During October 2004, one of CBNERR-MD's meteorological stations was installed at the OPC
site. Data from this station is collected every 15 minutes resulting in the output of fifteen
minute, hourly, and daily averages, maximums, and minimums. The data from this station is
currently being archived by CBNERR-MD, but will soon be accessible online through the
Maryland Department of Natural Resources' eyesonthebay website
(http://mddnr.chesapeakebay.net/eyesonthebay/index.cfm).

The OPC weather station is located within the OPC embayment surrounded by a tree line (Figure
2.3.5). These somewhat enclosed conditions plus inherit spatial weather variability may explain
differences between the data collected by this station and other local weather stations within the
area. Data from the OPC weather station is very valuable because it captures the local weather

60



conditions around OPC, particularly the marsh environment, where a significant part of the
CBNERR-MD research is conducted.

A general analysis of the short-term OPC weather station's data shows a similar temperature
pattern to that given by the longer term data of the Aberdeen Proving Grounds Weather station
(Figure 2.3.8). The monthly average temperature ranged between approximately -1 to 21°C,
with the highest temperatures between the summer months (June-August) and the lowest during
the winter months (December-February).
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Note: OPC weather station data has been collected for 2004-2006 and 2008-present. Due to maintenance and recalibration this
weather station was not operating in 2007 and beginning of 2009.

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

The precipitation pattern shows two main distributions, lower precipitation between the months
of November and May and higher precipitation between June and October. The monthly average
precipitation ranged from 0.1 cm in January to 11.7 cm in July (Figure 2.3.8).

2.3.3 Estuarine Geomorphology, Soils, and Sedimentary Processes

Tidal freshwater wetlands (TFW) as those characteristic of the OPC component lie at the
interface between upland watersheds and tidal rivers along the Atlantic and Gulf coasts of
eastern United States. Paleoecological and geomorphological reconstructions in these
environments have shown that over the past 350 years human impact, particularly sediment
efflux from deforestation and hydrologic change through channelization, have been important
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factors in initiating TFW and estuarine marsh and wetland forest development in the central
Chesapeake Bay region (Gottschalk 1945, Froomer 1980, Khan and Brush 1994), Delaware
River (Orson et al. 1992), and New York (Heusser et al. 1975, Pederson et al. 2005). In some
Delaware River TFWs, their development was generated by natural disturbance such as changing
flooding regimes from sea level rise (Carmichael 1980, Orson et al. 1992), while in two other
sites dominant species have persisted for more than one thousand years with no change
(Hilgartner unpublished data).

OPC is a tidal freshwater estuary containing a series of distributary channels flowing into the
Bush River. The areal extent of the OPC is approximately 1.39 km? (0.54 mi. ?). Winters Run,
the main river flowing into OPC, drains a watershed of 150 km? (58 mi.?). Geomorphic and
hydrometerological analyses of modern sedimentation rates and water level controls in the
wetland are reported in Pasternack and Brush (1998, 2001), Pasternack et al. (2000), and
Pasternack and Hinnov (2003). Hilgartner and Brush (2006) report on the environmental history
and habitat development of the OPC wetland. Pasternack et al. (2001) propose a diffusion model
reflecting historic depositional patterns of delta progradation and land use history.

The following 2000-year site history of OPC based on the paleoecological record is from
Hilgartner and Brush (2006). The aquatic macrophyte habitat in the Bush River/OPC estuarine
basin remained relatively stable for 15 centuries, from the second century A.D. to 1700 A.D. A
prehistoric and undisturbed forested watershed, acting as a storm buffer in flood and erosion
control, released sediment into the estuary at a mean rate of 0.05 cm/yr (0.02 in. yr™*) during this
extended period. While major storms have occurred with regular frequency during this time, at
least during the past 700 years (Donnelly et. al. 2001a, 2001b), no stratigraphic evidence of
storms appears in sediments deposited prior to European settlement. This storm buffer effect of
forested watersheds is well-documented elsewhere from recent and long-term watershed studies
as well as from geomorphologic reconstructions (Bormann et al. 1974, Jacobson and Coleman
1986, Freedman 1995, Goudie 2000).

The absence of any shift in habitat and dominant species in 1500 years indicates that
autochthonous or biological factors, as well as Medieval and Little Ice Age climate change, are
not important in initiating habitat change during a time spanning 1000-2000 years. Habitat
change proceeded only after the sedimentation rate increased during the 18" century. This
supports other studies that show that rapid accretion of infilling silt, sand, and clay from
anthropogenic disturbance is the primary factor forcing major changes in species assemblages in
coastal wetlands (Khan and Brush 1994, Cole 1994).

Beginning in the early 1700s sedimentation rates increased sharply. The initial influx of
sediment was synchronous with European settlement and land clearance, as populations migrated
into and began to cultivate the steeper slopes of the Piedmont between 1730 and 1780. Erosion
steadily increased as forests were cleared and agriculture became more extensive. The subtidal
habitat that had persisted for centuries tolerated this initial phase of sediment increase with shifts
in species abundances as sedimentation rates increased from 0.05 cm yr™* (0.02 in. yr™) to less
than 0.60 cm yr’(0.2 in. yr*). However, aquatic macrophytes disappeared when a mean
sedimentation rate of 0.60 cm yr (0.2 in. yr*) had been attained. This rate appeared to be a
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critical threshold, because habitat change proceeded as rates continued to rise above 0.60 cm yr™
(0.2 in. yr*) during the 19" century and the first half of the 20" century.

The period of peak accretion rates ranging from 3.9 cm yr (1.5 in. ™) to an exceptional 48.0 cm
yr'(18.9 in.™) occurred between 1840 and 1880. During this period forest cover in the
watershed was reduced from 40% to 20% and new settlement occurred on steep, marginal slopes
that had been inaccessible or undesirable previously (Earle 1992). Increased storm water runoff
on a deforested landscape comprised of steep, marginal slopes would certainly have produced
increased erosion rates and sediment deposition in the estuary. Hydrographic data show that
flow rates following storms in a deforested or urbanized watershed can be 5-10 times greater
than flow rates from a forested watershed, and that the rate of sediment yield appears to double
for every 20% loss in forest cover (Goudie 2000).

Stratigraphic evidence of storms after 1700 A.D. is present in the form of thin laterally accreted
layers of sand, muscovite and allochthonous seed and leaf fragments. This occurred during the
mid-1800s, when four major storms impacted the region and habitat change in the estuary was
most extensive. During this period the subtidal habitat disappeared at all sites while low marsh
and riparian forest expanded. Between 1750 and 1950 habitat communities shifted throughout
the estuary. Habitats changed at five coring sites from wetter to drier, one changed from drier to
wetter, and one did not change. The trajectory of temporal change reflects the physical position
of modern habitats relative to subtidal and channel margins; i.e. from the most flooded (subtidal)
to least flooded (riparian forest).

However, the sequence, rate of change, and species composition at each coring site varied
considerably, demonstrating the influence of local site characteristics on spatial variability within
and between habitats. The most rapid set of changes occurred at the upper wetland site; subtidal
habitat shifted to middle marsh, shrub marsh and riparian forest within 75 years “skipping over”
the low marsh and high marsh sequences. This site received the deepest post-settlement deposit
of 240 cm (94.5 in.). The lower wetland sites receiving less deposition experienced roughly
equal levels of post-settlement deposits of 165 cm (65 in.) and shifted more gradually from
subtidal to marsh habitats. In addition to differential sediment deposition between sites, minor
changes in species composition could have been caused by local, physical differences in
hydrology and nutrients (Gosselink and Turner 1978, Mitsch and Gosselink 2000), or biological
factors including herbivory, competition, seed dispersal, colonization, seed bank dynamics or
channelization by beavers (Connell and Slatyer 1977, van der Valk 1981, Simpson et al 1983,
Huston and Smith 1987, Leck 1989, Crawley 1997, Pasternack et al. 2000).

The data demonstrate that marsh and forest habitat development did not occur gradually over the
past 300 years but proceeded in alternating periods of stasis bounded by periods of change. The
periods of change or pulses were in response to high yields of sediment input and the pulse
period varied somewhat with each core depending on its proximity to the watershed or
distributary channel. New habitats established equilibrium within a new elevation and range of
sedimentation rates. This stasis-pulse-stasis model is similar to the equilibrium-disequilibrium
model derived from paleoecological studies of habitat development in kettle-hole peatlands in
Wisconsin and Ontario (Winkler 1988, Campbell et al. 1997). In these instances habitat change
is produced by dramatic shifts in hydrology from climate change spanning centuries. By
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contrast, habitat response at OPC occurred within decades as a result of changes in sedimentation
rates resulting from human induced soil erosion.

No significant change in wetland configuration or broad habitat change has occurred since the
early 1950s. The absence of any broad change follows closely behind the completion of the
construction of Route 40 adjacent to the north end of the estuary in 1938, and construction of the
Atkisson and Van Bibber Dams in 1944-45. The Atkisson Dam traps sediment supplied from the
upper two thirds of the watershed. Thus while high sedimentation rates during dam and road
construction appear to have contributed to habitat change before 1950; a substantially reduced
sediment load reached the estuary after 1950. Low sediment yields, often less than quantities
produced during the 19" century, can follow a tenfold increase in sediment yields during
construction (Wolman 1967, Groffman et al. 2003). The coincidence of reduced sediment yields
from the watershed since 1950 (mean rate of 0.52 cm yr™* or 0.2 in. yr*) with the reduction or
cessation of delta progradation and habitat change in the estuary, further identifies watershed
disturbance as the primary influence on wetland habitat development and configuration.

A conceptual model is proposed to describe the history of disturbance and habitat change in an
upper estuary, where there is a potential for a shift to a freshwater tidal wetland. Since virtually
the entire Chesapeake Bay watershed has been deforested in the 380 years since European
settlement (Brush 1992), and since much of the western shore of the Bay adjoins the steep fall
line, it is believed that this model describes the development of freshwater tidal wetlands in most
sub-estuaries along the western shore of the Chesapeake Bay. Furthermore, the model may have
broader application and describe the development of any TFW that forms the basin of a forested
watershed with steep slope topography, since watershed slope is an important factor in sediment
supply (Goudie 2000, Pastenack et al. 2001). Refinement of this model could be accomplished
through further study of the effect of watershed slope, ratio of watershed area to basin area,
dominant vegetation, and varying human and natural disturbance regimes.

The formation and evolution of the marsh to its present configuration is documented in the
historical record from maps and aerial photography. Because OPC is dominated by the flow
from Winters Run, and to a lesser extent HaHa Branch, any activity in the watershed influences
what happens in the estuary. Sediment, nutrient loads, and water level fluctuations are all
determined by past and present activities in the watershed (Copeland et al. 1983).

Sedimentation has caused and continues to cause an increase in the total Bush River marsh
acreage. A comparison of old maps from the 1800’s with more recent ones shows a gradual
increase in the above water marsh area. A delta has formed, and continues to form, at the mouth
of OPC (Harford County Planning and Zoning 1984). In the 1800’s, HaHa Branch entered OPC
nearly midway between Winters Run and the Otter Point Landing with very little marsh present.
However, by 1950, the OPC marsh expanded to nearly cutting off the embayment where HaHa
Branch enters OPC. By the late 1950’s, the tidal channels of OPC began to extend beyond the
HaHa embayment, cutting it off from direct connection with the river. The tidal channels are
developing distinct levees of higher elevation from the surrounding marsh. The marsh edge
appears to continue to expand outward and may in time fill the entire open water portion within
the reserve boundaries.
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2.3.4 Hydrology

In a simplistic way, the ecology of a tidal freshwater wetland (i.e., species distribution,
composition, plant density, etc.) is mainly governed by its hydrological regime which drives
water level changes and the exchange of materials as a function of daily, monthly, and seasonal
processes including river discharge, tides, winds, as well as unpredictable events such as storms
and hurricanes.

2.3.4.1 River discharge

The tidal freshwater system at OPC is characterized by the input/exchange of freshwater from
three main tributaries and their watersheds: OPC (144 square kilometer or 55.6 square mile
drainage area), Winters Run (90 km? or 34.7 mi.? drainage area) above the head tide, and HaHa
Branch; all of which feed into the Bush River Basin (Figure 2.3.1). Within the larger scale, the
Bush River and the Chesapeake Bay also influence the hydrology at OPC mainly during strong
winds events which push water in or out of system (see section 2.3.4.3: Winds, storms and
hurricanes).

The United States Geological Survey (USGS) gage stations located in Winters Run, near Benson
Road, MD and OPC near Edgewood, MD have been operating since 1967 and 2004,
respectively. Records from these stations show that the highest daily mean discharge value for
Winters Run (85 m® s or 3,000 ft.* s™) occurred in June 1972 during Hurricane Agnes, and the
lowest (0.01 m* s™ or 0.38 ft* s™%) in August 2002. For OPC the highest daily mean discharge
occurred in June 2006 (102 m® s or 3590 ft.> s) and the lowest in September 2007 (0.2 m® s
or 7.3 ft.3 s). Mean daily discharge values corresponded to 1.6 m®s™ (56.5 ft.>s*) and 2.4 m®s’
1 (84.8 ft.> s) for Winters Run and OPC, respectively.

Discharge records available for OPC and Winters Run show significant intra and inter-annual
variability (Figures 2.3.9 and 2.3.10). This variation is often tied to precipitation patterns within
the area, including episodic climatic events such as storms, hurricanes, and droughts. The annual
discharge cycle shows, overall, a characteristic high flow in spring associated with snowmelt
followed by low flow in late summer and increase flow again in the fall and winter. Although
only four years of discharge data are available for OPC, the larger size of this watershed seems to
correspond to a larger water discharge.
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Figure 2.3.9 Mean monthly discharge of OPC (2004-2007) and Winters Run (1967-2007). Data source:
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Since their construction, the two dams found along Winters Run (Van Bibber Dam and Atkisson
Dam both constructed in the 1940°s) have restricted flow and have attenuated storm runoff
(Figure 2.3.11). Today, however, their capacities have been reduced by almost 100% due to
reservoir sedimentation (Tietze 1993, Christine Buckley, personal communication).

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

The formation of natural logjams has also been found to significantly influence the hydrology
and geomorphology of the downstream area of a creek or river. In particular, logjams dissipate
hydraulic energy, store water and sediment, encourage bank erosion, redirect flows to different
distributaries, and increase habitat diversity. This was the case of two natural logjams that
formed upstream of the OPC marsh during Hurricane Agnes in 1972 (Tietze 1993).

Extensive urbanization of the area surrounding OPC has also influenced the wetland hydrology
via channelization, sedimentation, storm water diversions, etc. (Tietze 1993). Direct storm water
drainage from the adjacent housing developments and trailer park into the OPC marsh also occurs.
The Bush River has a slow flushing rate averaging 48 days for complete turnover. This slow
flushing rate exacerbates eutrophication, leading to nuisance algae blooms and episodic periods of
low dissolved oxygen levels.

2.3.4.2 Tides
Semidiurnal tides characterize the tidal freshwater environment at OPC. Otter Point Creek also
lacks a strong 'spring' or 'neap' cycle that is common in many other areas, which may be a result

of the shape of the Bush River basin. But overall, water levels at OPC reflect well defined tidal
cycles (Pasternack et al. 1994, Pasternack and Hinnov 2003). When the tide rises there is a net
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input of water and other materials into the system, when the tide falls, there is a net export out of
the system; and the flushing rate often responds to river discharge, particularly during the spring
season. Depending on the elevation and the position with respect to the river channels, the
wetlands at OPC experience regular or seasonal flooding by the tides.

Because flooding is relative to the marsh elevation, a difference on frequency and duration of
flooding could be observed between low and high marsh zones. A hydrological study conducted
by Pasternack et al. (1994) at OPC showed that the mean high tide in a low marsh area was 1.75
times higher than a high marsh and the tidal range in the low marsh was 1.5 times greater than
the high marsh; giving a relative measure of elevation difference between zones. These
differences are often translated in different flooding durations, although in OPC, a significant
reworking of sediments (leading to sediment deposition) seems to also influence the local
hydrological patterns between the low and high marsh.

2.3.4.3 Winds, storms, and hurricanes

In addition to tides, winds have an important effect in OPC hydrology, particularly water levels.
As part of a two-year analysis (1995-1996) of wind data, watershed discharge, and water levels,
Pasternack and Hinnov (2003) demonstrated a strong coupling between wind and water level
changes within the OPC system. They identified two main wind components influencing the
OPC marsh, a S-N wind component which follows the alignment of the Bush River (which
blows water into OPC) and a W-E component which blows water out of OPC (Figure 2.3.12).
The S-N wind component, however, seems to have the greatest effect on OPC water levels. As
wind blows harder to the north, water in the Chesapeake Bay is pushed into the Bush River and
up into the OPC system increasing water levels there. In contrast to this phenomenon, field
accounts have occasionally showed that strong and prolonged W-E winds associated with major
storms have caused a significant decrease in the water level at OPC by pushing the water out of
the channels and main embayment leaving the subtidal zone exposed for prolonged periods of
time. Overall, mean wind speed recorded during 1995-1996 was 2.12 m s* (4.7 mph), and less
than 5.15 m s™ (11.5 mph) during 90% of the time.
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Figure 2.3.12 Main wind components affecting water levels in and around the OPC tidal freshwater
marsh. Source: Pasternack and Hinnov (2003).

As part of the same study, Pasternack and Hinnov (2003) also showed that variations on local
and remote watershed discharge (Winters Run and Susquehanna River) did not have a
measurable impact on OPC water levels. Even during hurricanes, the riverine signal was
swamped out by the high water level fluctuations driven by winds and storm surge (Pasternack
and Hinnov 2003). For example, Hurricane Felix, which occurred on August 1995, caused a
water level increase in OPC that lasted for about four days, which was the result of the
hurricane’s storm surge as it propagated up the Chesapeake Bay. It is important to note that
while estuarine processes control the hydrodynamics of the OPC tidal freshwater system
(Pasternack and Hinnov 2003), watershed processes control sediment delivery (Pasternack et al.
2001).

2.3.4.4 Groundwater

The main drinking water supplies in Harford County come from both surface water withdrawals
and groundwater. Many of the residents within the Bush River basin, including the town of Bel
Air, use water withdrawn from Winters Run and wells, some located in the Church Creek and
Deep Spring Branch sub-basins.

Considering the great importance of groundwater as a source of drinking water to the county,
there is a common interest to maintain the integrity of this valuable resource. Some sources of
potential groundwater contamination have been identified, including the leaking of septic
systems, infiltration of agricultural runoff, and leaking of contaminants from waste disposal sites,
particularly those associated with the Aberdeen Proving Ground.
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As far back as 1965, leaking septic systems along the shoreline were identified as major
contributors to the high bacterial loadings in OPC and the Bush River. A study conducted by
CH2M-Hill (1983) for Harford County determined that bacterial levels in OPC were usually
within state water quality standards, but these levels increased rapidly and dramatically under
wet weather conditions.

In an effort to better understand the potential sources of water contamination through the leakage
of septic systems within the Bush River watershed, Harford County performed a desktop
assessment of illicit discharge potential- IDP (Harford County 2006). One of the factors
evaluated during this assessment included the density of aging septic systems. Improved parcels
with structures built before 1970 were selected from the cadastral layer. The parcels were then
coded by subwatershed; densities were calculated and assigned to one of the following
categories: Low IDP Risk: 0-49 sites per square mile; Medium IDP Risk: 50-99 sites per square
mile; and High IDP Risk: 100+ sites per square mile (Figure 2.3.13).

HARFORD COUNTY w
DENSITY OF AGING SEPTIC SYSTEMS
ILLICIT DISCHARGE POTENTIAL (IDP) \
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Figure 2.3.13 Illicit discharge potential (IDP) within the Bush River watershed, expressed as the density
of aging septic systems. Source: Harford County, Maryland (2006).

The IDP risk, defined by the density of aging septic systems, could be characterized as mostly
high around OPC, with the exception of a section towards the north-west side (Figure 2.3.13).
However, most of the area in the immediate vicinity of the Reserve component is served by
public sewer which would not contribute to nutrient enrichment of ground water as long as the
system integrity is preserved.

Another potential source of groundwater contamination could be linked to the Aberdeen Proving
Ground (APG), located 15 miles northeast of Baltimore. APG is divided into two main areas
separated by the Bush River. The area north of the Bush River is referred to as the Aberdeen
Area, and the area south of the Bush River is referred to as the Edgewood Area-Aberdeen
Proving Ground (APG-EA; Figure 2.3.14). The Edgewood Area was established in 1917 as the
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primary chemical warfare research and development center for the Army and it has also been the
location of production-scale chemical agent manufacturing. Until the early 1970s, the primary
methods of waste disposal at APG-EA were through burial, open detonation, open-air burning, or
by discharging untreated liquid wastes through sewer lines to surface water. Over the years,
these operations resulted in contamination of the environment with hazardous materials,
including groundwater contamination (EPA Article, September 2005).

|:| RangeiTech Area
D Administrative Area

. Restricted Area

. Restricted Airspace
Figure 2.3.14 Property boundaries of Aberdeen Proving Ground including the Aberdeen and Edgewood
areas. The total area covers more than 29,340 hectares (72,500 acres).
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Because of its history, all the land areas of this site are contaminated or potentially contaminated.
Substances that have been disposed include napalm, white phosphorus, and chemical agents. In
addition to land areas, on-site surface waters that have also potentially been contaminated
include rivers, streams, and wetlands (EPA Article, September 2005).

Contamination of land and water around the Edgewood-area is of concern because
approximately 38,600 people live within three miles of the site, in addition to on-site residents.
Four Edgewood-area standby water supply wells served approximately 3,000 people, but these
have been abandoned. The Long Bar Harbor well field of the County Department of Public
Works and the well field used by the Joppatowne Sanitary Subdistrict serve 35,000 people within
three miles of the site. On-site groundwater sampling has identified various metals, volatile
organic compounds (VOCs) and chemical warfare agent degradation products. On-site soil
contamination sampling has identified various VOCs, metals, and unexploded ordnance in
surface and subsurface soil. On-site surface water sampling has identified various metals,
pesticides, phosphorus, and VOCs. People who accidentally ingest or come in direct contact with
contaminated groundwater, surface water, soil, or sediments may be at risk. This contamination
may also impact wildlife; this area is considered important habitat for bald eagles. Since the
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early 90’s, actions have been taken to remediate some of the problems and efforts have continued
through the years (EPA Article, September 2005).

The Michaelsville Landfill is located within the Aberdeen Area and is a 20-acre landfill operated
as a sanitary landfill from the 1970s until 1980. Also in this area are the Phillips Field Disposal
Area, the White Phosphorous Munition Burial Site, and numerous known or suspected solid
waste management units that may be sources of contamination. Groundwater and surface water
sampling identified various heavy metals, phosphorous, and VOCs and explosives. There is also
soil contamination with pesticides and PCBs, VOCs and petroleum hydrocarbons. In 2003 the
construction of a groundwater treatment plant was completed to protect the Perryman Well field
which is the source of drinking water for most of Harford County.

Both the Harford County and City of Aberdeen Production (CAP) wells are located in the
northern Aberdeen Area. Historical range activities at this site have contaminated Perryman and
CAP wells, which provide drinking water to Harford County residents. In addition, there are two
on-post groundwater supply wells located in the Edgewood Area (H-Field test range and
Westwood) that are used to produce water for vehicle washing, well drilling, and equipment
decontamination. There are also private wells adjacent to the installation boundary. The wells
must be protected from further contamination.

Finally, ground water from agricultural activities in some portions of the Chesapeake Bay has
been found to contribute high nutrient loadings, particularly nitrates to the receiving waters.
Within OPC, no specific studies of ground water nutrient concentrations have been conducted,;
therefore the overall level of groundwater contamination (from different sources) is not known.
This is an important information gap that needs to be addressed.

2.3.5 Land and Water Use History
2.3.5.1 Historical changes

Subsistence agriculture of corn as well as hunting and gathering practices occurred from about
500 BC to the time of European colonization, which began around 1658 AD. Tobacco
agriculture dominated early European commerce until the early 1800’s when agriculture shifted
to corn and other vegetables. Land use continued to be agricultural until around 1930 when
many farms were abandoned. Residential and suburban development greatly expanded from
1930 to the present time, with the rate of growth accelerating after 1960. At present, OPC is
surrounded by the developments of Edgewood Heights, Edgewood Meadows, Harbor Oaks, and
Westshore. A golf course and the Anita C. Leight Estuary Center are also situated in the
watershed along with single family residential and high density town house developments close
to the water.

Historical changes have been recorded through old maps and aerial photographs. OPC and the
land surrounding have gone through shifts from open water to forested wetland. Much of the
current marshlands that are located at the upper end of OPC near the present U.S. Route 40 were
deforested in the early 1900’s. Present day Snake Island was a hummock only 35 meters (115
feet) wide, surrounded by freshwater tidal marsh. Existing islands in the early 1900°s have since
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then become submerged due to marsh advancement. The islands have also been succumbing to
erosion and rising sea level for thousands of years, but the marsh appears to have developed only
recently, during the late 1950’s and early 1960°’s. Aerial photographs taken prior to 1972 show
that the forest-land had re-established on both sides of Winters Run and OPC.

In 1917 the Aberdeen Proving Ground was established on 31,970 hectares (79,000 acres) of land
just south of the OPC component. In 1918 the Edgewood Arsenal took over 3237 hectares
(8,000 acres) of farmland which had been the property of General Cadwalander who farmed it
from 1846 to 1918. The military properties apparently did not engage in extensive clearing of
forests during this time. Although the Military Proving Grounds at Aberdeen and the Army
Arsenal were active from the Civil War onward, the major increase in employment at these two
adjacent military facilities occurred during World War 1. Road and housing construction, and
commercial development all accelerated with the increase in employment opportunities. U.S.
Route 40 was completed around 1938 forming a road embankment 3.7 to 4.6 meters (12 to 15
feet) high across Winters Run.

During the early 1940’s a wastewater treatment plant was constructed on the lower Winters Run
in response to obvious water quality problems. Much of the construction activity was an attempt
to catch up with the effects of rapid population growth, porous soils, and a high water table.
During the 1960’s two sewage oxidation ponds were constructed in the marsh and were in use as
a temporary treatment facility pending the completion of interceptor lines, pumping stations and
a larger treatment facility outside the watershed. This era marks a major change in the area now
included in the Reserve.

With the construction boom, areas of open water transitioned into forested wetlands as sediment
accumulation at the mouth of Winters Run accelerated. The original marsh peat may have been
buried under layers of upland derived soils. OPC adjacent to the current Anita C. Leight Estuary
Center property was at least 3.5 meters (11.5 feet) deep prior to the 1940’s. A thriving
commercial fishery existed at the site. As the creek accumulated sediment the marsh was able to
expand seaward and increase its aerial extent.

Earth moving equipment altered the land surface in the marsh (even as it was forming) as sewer
lines were constructed across the wetland and a pumping facility was built. The first and second
sewage oxidation ponds were built in the marsh to be a temporary response to real estate
development in the area. They provided increased sewage treatment capacity for a decade while
interceptor lines and pumping stations were constructed to remove the sewage to the Aberdeen
plant for treatment, and their construction added fill to the marsh.

As mentioned in a previous section (2.3.4.1 River discharge), Winters Run has two water supply
dams already in existence and several more water supply dams proposed. The largest existing
reservoir, Atkisson Reservoir, is so filled with silt that it no longer functions as a water supply.
The former lake is over two-thirds emergent vegetation. The second water supply impoundment
at VVan Bibber is also rapidly filling with sediment and has several patches of emergent
vegetation behind the dam. The high erodibility of the soil in the watershed is both a historic and
a current problem.
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2.3.5.2 Recent land use change and trends

Because OPC is dominated by the flow of Winters Run and to a lesser extent HaHa Branch, any
activity in these watersheds influences what happens in the estuary. Land use changes in the
watershed can have a significant cumulative impact on the estuary (Copeland et al. 1983).
Agricultural activities which expose soil are obvious contributors to increased soil erosion and
down stream deposition. However, studies by the University of Maryland (ICPRB 1991) have
documented a six fold increase in sediment loading in coastal plain streams as the predominant
land use shifted from agricultural to residential. Considering that OPC is located downstream of
a rapidly urbanizing watershed, the sediment as well as nutrient contribution via runoff are
significant. The OPC marsh would probably have expanded even more than it has, had not a
substantial portion of the sediment load in Winter Run deposited behind existing upstream dams.

By 2006, 62% of the OPC subwatershed has been developed or is used for agriculture, while
38% still remains as forested land (Figure 2.3.15).

Otter Point Creek Church Creek

Developed
26%

Developed
37%

Forested
38%

Forested
52%

SR Agriculture
Agriculture 2%
25%

Bush Creek

Forested
33%

OPC Reserve ~ =ieree
component

Agriculture
27%

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

A closer look of land use within the surrounding areas of OPC is shown in Figures 2.3.16 and
2.3.17. Although the OPC component itself is mostly constituted by deciduous forest, wetlands,
and water (Figure 2.3.17), most of the Reserve is surrounded by developed areas and some
agricultural lands, with few sections bordered by forest (2.3.16).
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Figure 2.3.16 Land use and land cover (hectares) map for OPC and surrounding subwatersheds for 2002.
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Figure 2.3.17 Land use and land cover (hectares) of the OPC component property for 2002.

2.3.6 Water Quality

The 1998 Maryland Clean Water Action Plan established priorities for watersheds in “need of
restoration”. In the Plan, a watershed is considered a Category one priority watershed (highest
state priority for restoration) if it shows violation of water quality standards and poor values for
other natural resource indicators, including submerged aquatic vegetation, fish, and benthic
communities. The Bush River basin was included as a Category one priority watershed (Clean
Water Action Plan Technical Workgroup 1998).

Although the OPC component is located within the Bush River Basin; local water quality
conditions may vary due to variability associated to local driving factors such as river discharge,
weather conditions, and land use activities. Therefore, in an effort to better characterize the
water quality within the Reserve boundaries, data that has been collected in OPC and the Bush
River through Maryland DNR and the Reserve’s System Wide Monitoring Program (SWMP)
was analyzed and results are presented in this section.

Two long-term continuous monitoring stations (CONMON) or automated dataloggers were
established within the Bush River (CONMON stations are part of the NERRS system wide
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monitoring program - SWMP). One of the stations, located in Lauderick Creek (39.4039 N, -
76.2728 W), was installed by Maryland DNR and remained active from 1984 - 2007. In 2008,
this station was moved to a new location in Church Point (39.4582 N, -76.2323 W); a second
station located in OPC (39.4508 N, -76.2746 W) was established in 2003 as part of the Reserve’s
water quality monitoring program and it is still active (Figure 2.3.18). These stations monitor
various water quality parameters including water temperature, specific conductivity, salinity,
percent saturation, dissolved oxygen, depth, pH, and turbidity; information is recorded every 15
minutes. All available data that has been collected through both stations could be viewed and
downloaded from the Maryland Department of Natural resources eyesonthebay website:
http://mddnr.chesapeakebay.net/eyesonthebay/index.cfm and/or the Centralized Data
Management Office website: (http://cdmo.baruch.sc.edu/).
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Figure 2.3.18 Continuous water quality monitoring stations (CONMON) at OPC, Bush River. CONMON
stations are part of the NERRS system wide monitoring program (SWMP). Source: Smith et al. (2009).

In addition of measuring the water quality parameters described above, water samples are
collected at each of these stations: twice a month at the OPC CONMON station and once a
month at Lauderick Creek, Church Point, and six additional stations within OPC (Figure 2.3.19).
These samples are sent to the Chesapeake Biological Laboratory, University of Maryland Center
for Environmental Studies to be analyzed for nutrients including: ammonium, nitrite,
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nitrate/nitrate, and phosphate, total nitrogen and total phosphorus. Additional analyses per sample
include chlorophyll a, total suspended solids, and total volatile solids.

Meter
0 32 64 1,28 1,92 2,56

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.

In an effort to achieve and maintain the water quality conditions needed to protect the aquatic living
resources of the Chesapeake Bay, the U.S. Environmental Protection Agency (USEPA) Region IlI
developed guidance and water quality criteria that could be used by the local and state government
to address nutrient and sediment-based pollution in the Chesapeake Bay and its tidal tributaries.
These water quality criteria are based on dissolved oxygen, water clarity, and chlorophyll a and
were developed for five essential aquatic habitats or use zones: migratory fish, shallow water, open
water, deep water, and deep channel (USEPA 2003; Figure 2.3.20). An analysis of each of these
criteria was conducted using data collected through the Reserve’s water quality monitoring program
and will be discussed in the following sections.
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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 OPC component. Source: USEPA
(2003).

2.3.6.1 Dissolved oxygen (DO)

Providing a characterization of dissolved oxygen for the Chesapeake Bay can easily become a very
difficult task as many different biological, physical, chemical, human, and environmental factors
and processes need to be considered. In addition, spatial and temporal variability also plays an
important role in defining specific conditions in a particular region (USEPA 2003). Overall,
dissolved oxygen in the Chesapeake Bay is characterized as naturally low, especially in deeper
waters, as a result of the Bay’s physical morphology and estuarine circulation. Characteristics such
as prolonged stratification, long residence times, low tidal energy, and high productivity contribute
to these low oxygen conditions and are comparable to similar estuarine systems (Boynton et al.
1982, Nixon 1988, Caddy 1993, Cloern 2001).

A dissolved oxygen criteria developed by USEPA for the Chesapeake Bay is presented in Table
2.3.1. These criteria were developed considering the DO needs required for the survival, growth,
and reproduction of natural resources using and living in each of five essential aquatic habitats and
for the protection of their designated uses (USEPA 2003).
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Table 2.3.1 Chesapeake Bay dissolved oxygen criteria developed by each of five essential aquatic habitats
and their designated use. Shallow water corresponds to the habitat found at OPC. Source: USEPA (2007).

Designated Criteria Protection Temporal
Use Concentration/Duration Provided Application
Migratory fish 7-day mean > 6 mg liter-1 Survival/growth of February 1 - May 31

spawning and
nursery use

(tidal habitats with 0-0.5 ppt
salinity)

larval/juvenile tidal-fresh
resident fish;

protective of
threatened/endangered
species.

Instantaneous minimum > 5 mg
liter™

Survival and growth of
larval/juvenile migratory
fish;

protective of
threatened/endangered
species.

Open-water fish and shellfish des

ignated use criteria apply

June 1 - January 31

Shallow-water bay Open-water fish and shellfish designated use criteria apply | Year-round
grass use
Open-water fish and 30-day mean > 5.5 mg liter™ Growth of tidal-fresh Year-round

shellfish use

(tidal habitats with 0-0.5 ppt
salinity)

juvenile and adult fish;
protective of
threatened/endangered
species.

30-day mean > 5 mg liter™
(tidal habitats with >0.5 ppt
salinity)

Growth of larval,
juvenile and adult fish
and shellfish;
protective of
threatened/endangered
species.

7-day mean > 4 mg liter™

Survival of open-water
fish larvae.

Instantaneous minimum > 3.2
mg liter™

Survival of
threatened/endangered
sturgeon species.’

Deep-water seasonal
fish and
shellfish use

30-day mean > 3 mg liter™

Survival and recruitment
of bay anchovy eggs and
larvae.

1-day mean > 2.3 mg liter™

Survival of open-water
juvenile and adult fish.

Instantaneous minimum > 1.7
mg liter™”

Survival of bay anchovy
eggs and larvae.

June 1 - September 30

Open-water fish and shellfish des

ignated-use criteria apply

October 1 - May 31

Deep-channel
seasonal refuge use

Instantaneous minimum > 1 mg
liter™®

Survival of bottom-
dwelling worms and

clams.

June 1 - September 30

Open-water fish and shellfish des

ignated use criteria apply

October 1 - May 31

! At temperatures considered stressful to shortnose sturgeon (>29 °C or 84.2 °F), dissolved oxygen concentrations above

an instantaneous minimum of 4.3 mg liter™™ will protect survival of this listed sturgeon species.




Dissolved oxygen levels at OPC for the top and bottom water layers are often above 5.0 mg 17,
which falls within the EPA criteria indicated in Table 2.3.1. The analysis of water quality data
collected from six OPC discrete water quality stations (Table 2.3.2) during the period between June
2002 and September 2008 shows a surface DO average value for the entire area of 8.07 mg I and a
DO value of 7.53 mg I™* for the bottom layer. Dissolved oxygen values at the different stations
ranged between 7.54 and 8.39 mg I for the top water layer and between 7.15 and 7.90 mg I™* for the
bottom layer (Table 2.3.2). Overall DO values are slightly lower in the bottom layer, but still above
the standard value of 5.0 mg 1™

Table 2.3.2 Average values of water physical/chemical parameters monitored at OPC. MPN, TPN, OPM,
PPN, OPN, and Marina correspond to the six stations being monitored at this Reserve component (Figure
2.3.19).

Secchi | Total
Depth | Depth Salinity Temperature
Station | (m) (m) pH (ppt) DO (%) DO (mg/l) (9]
Top | Bottom | Top | Bottom | Top | Bottom Top | Bottom
MPN 0.42 0.66 | 7.90 | 0.20 0.20 | 88.21 83.89 | 7.54 7.15 23.50 22.90
se 0.02 004 | 010 | 0.04 0.05 3.44 350 | 0.27 028 060 0.60
TPN 0.53 1.41 | 7.70 | 0.20 0.20 | 90.16 84.37 | 7.81 7.36 23.20 22.30
se 0.03 004 | 010 | 0.03 0.04 2.90 2.80 | 0.26 026 0.60 0.60
OPM 0.48 1.01 | 8.00 | 0.30 0.40 | 96.52 90.52 | 8.29 7.83 23.90 23.50
se 0.02 003 | 010 | 007 0.07 278 274 | 026 025 070 0.60
PPN 0.40 0.73 | 8.40 | 0.40 0.30 | 98.62 92.78 | 8.39 7.76 24.50 24.00
se 0.02 003 | 010 | 007 0.07 342 348 | 025 030 070 0.70
OPN 0.44 0.97 | 8.20 | 0.40 0.40 | 100.29 92.21 | 8.34 7.90 24.70 23.90
se 0.02 005 | 010 | 0.08 0.08 2.94 332 | 024 027 060 0.60
Marina 0.44 2.68 | 8.10 | 0.40 0.40 | 94.93 83.48 | 8.02 7.16 23.70 23.10
se 0.03 017 | 010 | 0.08 0.09 3.12 292 | 027 028 070 0.60
Average 0.45 1.24 | 8.05 | 0.32 0.33 | 94.79 87.88 | 8.07 7.53 | 23.91 23.29
se 0.00 002 | 000 001 0.01 0.11 014 | 0.0 001 | 002 0.00

se = standard error
Average values were calculated based on data collected during 2002-2008.

Even though DO levels during most of the year fall within high values, during warmer periods and
episodic algae blooms the DO levels may drop below 5.0 mg I or even 3.0 mg I™X. These
occurrences may impact the aquatic life, particularly benthic invertebrates in the open water areas.

Within OPC, a shallow-water tidal environment with an average depth of 1.24 m (4.1 ft.), diel
cycles of low DO conditions are often the result of local production and respiration. At night, for
example, water-column respiration temporarily reduces DO levels (D’Avanzo and Kremer 1994).
Climatic conditions such as calm winds and several continuous cloudy days can also contribute to
oxygen depletion. Shallow-water habitat, such as the one in OPC, can be exposed to episodes of
extreme and rapid DO fluctuations (Sanford et al. 1990).
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Overall, the timing, extent, and frequency of reduced DO conditions in OPC and similar
environments can vary from year to year, driven in great part by local weather patterns, the timing
and magnitude of freshwater river flows, the concurrent delivery of nutrients and sediments into
tidal waters and the corresponding springtime phytoplankton bloom (Officer et al. 1984, Seliger et
al. 1985, Boynton and Kemp 2000, Hagy 2002 cited by USEPA 2003).

Other parameters measured as part of water quality monitoring at OPC include salinity,
temperature, and pH. The low average salinity of 0.32 parts per thousand (ppt) is characteristic of
this tidal freshwater environment; however, salinities of 3-5 ppt could be measured during episodic
drought conditions. The average value for water acidity (pH) and temperature at OPC is 8.05 and
24 °C (75.2 °F), respectively; both meet state standards for healthy aquatic life. Occasionally, a
temporarily increase of pH in low salinity environments such as OPC is an indication that a blue-
green algal bloom (e.g. Microcystis blooms) may be occurring.

2.3.6.2 Water clarity

Lack of water clarity or turbidity within OPC follows an annual pattern that is linked to a certain
extent to the presence of underwater grasses, also referred to as submerged aquatic vegetation or
SAV. Turbidity starts to decrease during the beginning of the SAV growing season with the lowest
values often observed during the peak of SAV biomass; turbidity then starts to increase by the end
of the growing season (October) initiating a new cycle (Figure 2.3.21). Submerged aquatic
vegetation helps improve water clarity through the settlement of suspended sediments and the
stabilization of bottom sediments preventing resuspension. However, excessive sediments in the
water can also cause the smothering and death of SAV by reducing light penetration through the
water column limiting/inhibiting their photosynthesis activity and growth.

Changes in water clarity are also associated to precipitation and the occurrence of storms and
hurricanes; heavy rains often carry sediments to the system through runoff causing turbidity spikes.
These events increase the variability of observed turbidity patterns at OPC within and among years.
For example the turbidity spike shown in Figure 2.3.21 could be linked to the high precipitation
received during the month of July in 2004 (Figure 2.3.22).
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Figure 2.3.21 Turbidity trends observed at OPC during 2003 and 2004.

Woma
g —0s
2004
g 4 2003

Fairfall [inches)
H

o &5 & z 5 3
‘:@eé: ﬁ""‘ o VQ& 3 4 e ';39@?% e

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).



As a result of the relationship between SAV and turbidity, it is expected that significant changes in
the SAV population coverage would result in changes of local water clarity conditions. Little or no
SAV was found in the Bush River in the 1990’s. However, underwater grasses reappeared in the
Bush River in 2000 (Trice et al. 2007) and have maintained a constant presence in the river until
now contributing to improved water quality in the river. The abrupt decline of SAV in the Bush
River before their reappearance in 2000 is believed due primarily to the high turbidities derived
from land clearing activities that took place upstream of the marsh. The ability of the marsh to
retain and cycle the input of sediments and nutrients from the watershed appears to have been
significantly degraded in 1972 following Hurricane Agnes.

Studies conducted by the University of Maryland and reported in the newsletter of the Interstate
Commission on the Potomac River Basin (December 1992) indicate that a middle Atlantic coastal
plain stream, the Anacostia, has accumulated more than 12.2 vertical meters (40 vertical feet) of
sediment in the flood plain over the past 200 years. This is less than the rate of sedimentation for
streams in geologically active regions. Some west coast rivers have accreted 24.4 vertical meters
(80 vertical feet) of sediment in as little as 100 years.

Similarly to the DO criteria developed by USEPA for the Chesapeake Bay, water clarity criteria
were also developed. These criteria were developed to establish the minimum level of light
penetration required to support the survival, growth, and continued propagation of underwater bay
grasses (Table 2.3.3). These criteria is given as percent ambient light at the water surface extending
through the water column and the equivalent secchi depth by application depth and because it
pertains directly to SAV it is only applied during the underwater grasses growing season (USEPA
2003).

Table 2.3.3 Summary of Chesapeake Bay water clarity criteria for application to shallow-water bay grass
designated use habitats. Source: USEPA (2003).

Salinity Water Clarity Water Clarity Criteria as Secchi Depth Temporal
Regime Criteria as Percent Water Clarity Criteria Application Depths Application
Light-through- | 025 |05 |o7s |10 |125 [15 [175 [ 20
Water Secchi Depth (meters) for above Criteria Application Depth
Tidal fresh 13% 0.2 04 0.5 0.7 0.9 11 12 14 April 1-0Oct 31
Oligohaline 13% 02 04 05 0.7 0.9 11 12 14 April 1-Oct 31
Mesohaline 2% 0.2 05 0.7 1.0 12 14 17 19 April 1-0Oct 31
Polyhaline 2% 0.2 05 0.7 1.0 12 14 17 19 Mar 1 — May 31
Sep 1 - Nov 30

Within the OPC embayment, the average total depth and secchi depth (calculated from a 7-year data
record: 2002-2008 and excluding the Marina station) is of approximately 0.95 m £+ 0.004 m (3.1 ft.
+0.01 ft.) and 0.45 m + 0.002 m (1.48 ft. £ 0.007 ft.), respectively. Although the secchi depth (0.7
m) at OPC is somewhat lower than the value that corresponds to the 1.0 m (3.28 ft.) water clarity
criteria application depth for the tidal fresh habitat (Table 2.3.3), SAV monitoring observations
within this area during the last three years has shown the existence of a healthy underwater grass
community. It is important to indicate, however, that Hydrilla verticillata (an invasive underwater
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grass species) dominates in abundance; this species’ light requirement was not considered for the
development of this criteria and it is probably lower than any of the native species.

2.3.6.3 Chlorophyll a

Chlorophyll a, a common photosynthetic pigment often associated with other pigments in
freshwater and coastal marine phytoplankton, has been used for many years as a main indicator of
the amount and quality of phytoplankton (Flemer 1970). Considering that high algal biomass (high
chlorophyll a levels) is associated with low water quality, the USEPA developed a recommended
chlorophyll a criteria for the Chesapeake Bay. This criteria does not provide specific concentration
values, but instead is based on the narrative written below. This approach provides the opportunity
and flexibility for the development of more accurate and applicable site specific numeric criteria.

“Concentrations of chlorophyll a in free-floating microscopic aquatic plants (algae) shall not exceed
levels that result in ecologically undesirable consequences (i.e., reduced water clarity, low dissolved
oxygen, food supply imbalances, proliferation of species deemed potentially harmful to aquatic life
or humans or aesthetically objectionable conditions) or otherwise render tidal waters unsuitable for
designated uses” (USEPA 2003).

Information from the scientific literature was summarized to obtain an indication of the trophic
status of a system based on the concentration of chlorophyll a (USEPA 2003). Based on this
information and knowing that the average chlorophyll a value for the OPC embayment is 17.01
ug I"! (+ 0.22), the OPC system could be considered as eutrophic (Table 2.3.4).

Wetzel, in his Limnology text, defines eutrophic systems as having chlorophyll a concentrations
greater than 10 pg liter > and having few dominant phytoplankton species. Subsequently, he
defines a system as eutrophic when it has: (1) very high productivity, but mostly occurring in the
lower trophic levels (e.g., algae, bacteria); (2) a simplified structure of biological components;
and (3) reduced ability to withstand severe stresses and return to pre-stress conditions (Wetzel
2001).

Table 2.3.4 Trophic status of different aquatic systems characterized by mean chlorophyll a
concentrations (pg liter™); cited by USEPA (2003).

Aquatic Trophic Wetzel Ryvding Smith Molvaer Novotny
System Status (2001) and Rast etal. et al. and Olem
(1989) (1999) (1997) (1994)
Eutrophic =10 6.7-31 9-25 - =10
Fresh- ) - -
water Mesotrophic 2-15 3-7.4 359 - 4-10
Oligotrophic 0.3-3 0.8-3.4 <35 - <4
Eutrophic - - 1.5 =7
Marine -
Mesotrophic - - 1-3 2.7
Oligotrophic - - <] <

Sources: Molvaer et al. 1997, Novotny and Olem 1994, Ryding and Rast 1989, Smith et al 1999, Wetzel 2001.
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Once a system becomes eutrophic, high algae production can lead to low dissolved oxygen
conditions, reduced water clarity, harmful algal blooms, and other ecological impairments that
reflect alterations of the aquatic food web.

Additionally, scientists have developed a diagnostic tool to calculate the relative contributions of
chlorophyll a versus total suspended solids to low light penetration in the water column (Batiuk
et al. 2000; Gallegos 2001 cited by USEPA 2003). Chlorophyll a criteria derived from the use of
this diagnostic tool is presented in Table 2.3.5. The criteria are also derived by considering the
concentration of total suspended solids, the type of tidal habitat (fresh, oligohaline, mesohaline,
and polyhaline), and total water depth.

Table 2.3.5 Chlorophyll a concentrations (ug liter™) that reflect attainment of the Chesapeake Bay water
clarity criteria for a given range of total suspended solids concentrations and shallow-water application
depths. Areas in gray show where the water clarity criteria are exceeded. Source: USEPA (2003).

Total Tidal-Fresh and Oligohaline Mesohaline and Polyhaline
Suspended -
Solids Water-Column Depth (meters) .
(mg liter") 0.5m I m 2m 0.5 m Im 2m
5 199 9
10 171
15 144
20 116
OPC Embayment Average Water Average Total Average Chlorophyll a
Characteristics Column Depth (m) | Suspended Solids (mg I') | concentration (g liter™)
0.95 + 0.004 26.07£0.24 17.01 £ 0.22

Average values were calculated from a 7-year water quality monitoring data set 2002-2008 collected for OPC by the
Chesapeake Bay National Estuarine Research Reserve in Maryland.

Considering the chlorophyll a criteria and OPC water quality information presented in Table
2.3.5, the conditions within the OPC embayment exceed the water quality criteria. This is
particularly reflected by the high total suspended solid concentrations recorded for the area.

2.3.6.4. Nutrients
Highlights of the Bush River basin water quality status from 1950s to 1988 is provided as part of

an analysis of data collected through different programs and organizations during that time
period (Maryland DNR and Harford County 2002) including:
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1972 Goucher College Environmental Studies Program had sampling stations in the
open tidal waters of the Bush River and near the mouths of Bush Creek and

Cranberry Run.

1977 Maryland Department of Natural Resources (MD-DNR) had sampling stations in
the tidal waters of the Bush River.

1980-82 CH2M Hill, a consultant working for Harford County had most sampling stations

in open tidal waters of the Bush River with the exception of two stations near the
tidal interface in OPC and James Run.

1987 Harford County Department of Public Works.

1988 Harford Community College.

Some of their findings indicated high nutrient concentrations in the tidal Bush River, which
tended to be accentuated by the slow flushing characteristics of the river. It typically takes 48
days for this tidal fresh estuary to flush. Overall, for total phosphorus, concentrations greater
than 0.01 mg I are considered high. Monitoring in 1972-73 by MD-DNR found that total
phosphorus concentrations were nearly always greater than this benchmark with peak
concentrations between 0.05 and 0.07 mg I"* (MD-DNR and Harford County 2002).

For total inorganic nitrogen (which includes ammonia, nitrite and nitrate), concentrations greater
than 0.5 to 1.5 mg I"* were considered very high. Data from 1972-73 gathered by MD-DNR
found inorganic nitrogen concentrations occasionally above 0.5 mg I™. Monitoring data found
that ammonia nitrogen ranged from 0.01 to 0.11 mg I and nitrate nitrogen ranged from 0.02 to
0.77 mg I"* (MD-DNR and Harford County 2002).

Data collected during 1972 by the Goucher College Environmental Studies Program showed
high nutrient concentrations near the mouths of Bush Creek and Cranberry Run. In 1987-1988,
high nutrient concentrations were also found at the same and other sampling sites including
Bynum Run, James Run, and Greys Run. Additionally, a trend toward increasing nitrate
concentrations was reported.

A more recent water quality assessment (1989-2000) was conducted by the MD-DNR Resource
Assessment Services Office using continuous data from a long-term water quality monitoring
station located in the tidal Bush River, 39.4334° latitude, -76.2413° longitude
(http://mddnr.chesapeakebay.net/bay_cond/bay_cond.cfm?param=bdo&station=WT11). A
summary of their findings appears in the Table 2.3.6. The status for each parameter in the table
is a relative ranking at three levels: good, fair and poor. For example, the ranking of “fair”,
which is the most common ranking in the table, means that the Bush River ranking is fair
compared to Chesapeake Bay tributaries with comparable salinity. The only two parameters that
indicated a degrading trend were those of total phosphorus and algae abundance.
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Table 2.3.6 Water quality status and trend analysis of the tidal Bush River (1985-2000) conducted by the
Maryland DNR Resource Assessment Services Office.

Parameter Status Trend

1008 -2000 data 1085 through 2000
Nitrogen: fotal Fair No Trend
Phosphoms: total Fair Degrading (46%)
Algae: Abundance Poor Degrading (117%)
Drssolved Oxygen Good No Trend
{(summer, bottom waters)
Water Clarity: secchi depth Poor No Trend
Suspended Solids: fotal Far No Trend

During 2002, a water quality assessment of the Bush River basin was conducted as part of the
development of a Bush River watershed characterization to support the Harford County’s
Watershed Restoration Action Strategy (WRAS) for the River. The water quality assessment
conducted was based on various water quality indicators including State 303(d) list impairment
number, modeled total nitrogen (TN) load, modeled total phosphorus (TP) load, tidal habitat
index, and tidal eutrophication index (Table 2.3.7; MD-DNR and Harford County 2002).

Table 2.3.7 Water quality assessment results for different drainage areas of the Bush River basin. Source:
MD-DNR and Harford County (2002).

Water Quality Indicator Bush Lower Atkinson | Bynum | Aberdeen | Swan

River Winters | Reservoir Run Proving | Creek
Run Ground

State 303(d) list 2 0 2 2 2 2

impairment number

Modeled TN load 27.88 11.54 9.18 10.94 9.32 15.28

Modeled TP load 1.14 0.38 0.49 0.47 0.32 0.67

Tidal habitat index 4.3

Tidal eutrophication index 7.0

Notes:

Un-shaded indicators in the table mean that average watershed conditions measured by this indicator are better than
the statewide benchmark.

Shaded indicators in the table mean that average watershed conditions measured by this indicator are worse than the
statewide benchmark (i.e., water quality problems are more likely to arise due to the conditions represented by the
indicator).

Results of the Bush River basin water quality assessment, particularly those regarding the
nutrient indicators, showed that average conditions for the tidal Bush River has somewhat
deteriorated compared to the previous analysis conducted by MD-DNR Resource Assessment
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Services Office (Table 2.3.6). As shown in Table 2.3.7, both modeled TN and TP loads are
higher than the statewide benchmark.

For the Lower Winters Run (which is one of the drainage areas of OPC; Figure 2.3.1), the total
estimated nitrogen load seemed to be the main potential contributor to low water quality when
compared to the other water quality indicators. According to this analysis the value estimated for
total phosphorus was low and did not surpass the statewide benchmark (Table 2.3.7).

The latest trend (2002-2008) on nutrient concentrations is provided through the analysis of
discrete water quality data collected by CBNERR-MD at six different stations within the OPC
component (Table 2.3.8). Average total nitrogen (1.50 mg N 1) and total phosphorus (0.07 mg
P 1Y) concentrations showed what is considered high values for this type of environment. This
supports previous trends for the Bush River basin.

Table 2.3.8 Average nutrient concentrations in OPC. MPN, TPN, OPM, PPN, OPN, and Marina
correspond to six long-term stations being monitored at this Reserve component (See Figure 2.3.21 for
sites location).

OPC PO, NO, NO; NH,4 Total P | Total N
Station | mgPI* | mgNI* | mgNI* | mgNI* | mgPI" | mgNI*
MPN 0.0043 0.0157 0.8889 0.049 0.0615 1.539
se 0.0003 0.0012 0.0662 0.005 0.0029 0.058
TPN 0.0042 0.0153 1.1766 0.050 0.0612 1.747
se 0.0004 0.0010 0.0593 0.005 0.0055 0.056
OPM 0.0040 0.0126 0.8321 0.041 0.0664 1.530
se 0.0003 0.0010 0.0604 0.006 0.0037 0.054
PPN 0.0044 0.0128 0.5400 0.041 0.0718 1.358
se 0.0004 0.0013 0.0545 0.006 0.0037 0.051
OPN 0.0037 0.0123 0.5826 0.042 0.0667 1.360
se 0.0003 0.0011 0.0587 0.007 0.0032 0.053
Marina 0.0046 0.0105 0.5344 0.037 0.0782 1.465
se 0.0007 0.0010 0.0538 0.005 0.0035 0.048
Average 0.0042 0.0132 0.7591 0.043 0.0676 1.500
se 0.0001 0.0001 0.0018 0.0003 0.0004 0.0014

se = standard error
Average values were calculated based on data collected during the time period 2002-2008.
Values are not adjusted to reflect changes in river flow.

2.4 BIOLOGICAL AND ECOLOGICAL SETTING

2.4.1 Tidal Freshwater Marsh

The main portion of the OPC component consists of tidal freshwater marshes. Tidal freshwater
marshes are a very distinctive type of ecosystem located upstream from tidal saline wetlands and

downstream from non-tidal freshwater wetlands (Odum et al. 1984). These ecosystems are
characterized by near freshwater conditions (average annual salinity is about 0.5 ppt or lower
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except during periods of prolonged drought conditions); plant and animal communities
dominated by freshwater species; and the influence of diurnal tides. Based on salinity, tidal
freshwater marshes are located between the oligohaline and non tidal freshwater zones of the
estuary (Figure 2.4.1; Odum et al. 1984).

<DPC-<mm

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

Tidal freshwater marshes are characterized by higher species diversity than higher salinity
estuarine marshes and it is dominated by broad-leafed plants, grasses, rushes, shrubs, and
herbaceous plants. The lack of estuarine marsh grasses such as Spartina spp. is what
differentiates these ecosystems from oligohaline and higher salinity marshes (Odum et al. 1984).
The development of extensive tidal freshwater marshes is favored by a major influx of
freshwater, daily tidal amplitude of at least 0.5 m, and a geomorphological structure that
constricts and magnifies the tidal wave in the upstream portion of the estuary (Odum et al. 1984).

Tidal freshwater marshes are dynamic environments and can change spatially and temporarily in
response to climatic conditions, hydrology, and other natural and anthropogenic stressors. The
functioning of the ecosystem depends on the fluxes of water, sediment, nutrients and energy from
the watershed. At the OPC component, nutrients and energy are exchanged with the tidal portion of
the Bush River and the Chesapeake Bay.
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Evidence from historical maps and aerial photography show a significant expansion in the extent of
the marsh even in the face of rising sea levels. The source of this expansion of the wetland is
eroded upland sediments. The removal and redeposition of sediment has been occurring since the
end of the pleistocene glaciation, but the past few decades have witnessed an acceleration of marsh
building coinciding with the clearing of forest and with the conversion of farmland for housing
development. Because OPC is dominated by the flow of Winters Run and to a lesser extent HaHa
Branch, any activity in these watersheds influences what happens in the estuary. Land use changes
in the watershed can have a significant cumulative impact on the estuary (Copeland et al. 1983).
Studies by the University of Maryland (ICPRB, 1991) have documented a six fold increase in
sediment loadings in coastal plain streams as the predominant land use shifted from agricultural to
residential. The OPC marsh would probably have expanded even more had not a substantial portion
of the sediment load in Winters Run deposited behind the upstream dams which have significantly
filled in.

In studies of similar freshwater marshes in South River, Anne Arundel County, mass vertical
accretion rates ranging from 4.7 mm yr* to 8.1 mm yr™* (0.19 in. yr* to 0.32 in. yr*) were measured
relative to local sea level. Local sea level rise has been estimated at about 3 mm yr™* (0.12 in. yr);
(Stevenson et al. 1986) indicating that gross deposition rates were probably more around 8 to 12
mm yr? (0.31 to 0.47 in. yr'"). Historic sedimentation rates measured by coring studies in nearby
Furnace Bay (Brush 1990) documented sedimentation rates ranging from 7.2 to 12.0 mm yr(0.28
to 0.47 yr*). Thus the growth of the OPC marsh can be considered fairly typical of subtidal
accretion in the upper bay, western shore region. The Anacostia River, draining the edge of the
Piedmont Plateau has accumulated a minimum of 12.2 vertical meters (40 vertical feet) of sediment
in its flood plain over the last 200 years.

Most of the shore line retreat in the upper Chesapeake Bay and tidal tributaries currently ascribed to
sea level rise is the result of eroding slopes not from loss of marsh. The emergent vegetation of the
freshwater marshes does provide some accumulation of organic matter, but in this system the
accumulation of inorganic sediment from the watershed predominates. The result is a marsh
substrate with a lower proportion of organic matter than the typical Spartina marsh where biomass
accumulation and anoxic sediments are characteristic.

The rate of export of organic carbon, nitrogen, and phosphorous from the marsh has not been
systematically studied for the OPC marsh. However, studies of a similar tidal fresh water marsh at
the Jug Bay Reserve component have shown that the low marsh is not a net importer of organic
carbon or inorganic nutrients (N and P), but the high marsh is (Kahn & Brush, 1991). Several
hypotheses have been proposed to explain this finding including differences in decomposition and
nutrient cycling pathways and the possibility that organic enrichment affects the nutrient retention
of marsh soils by removing any pre-existing nutrient limitations on plant growth or that increases in
the quantities of iron (Fe), aluminum (Al) and magnesium (Mn) oxides in the sediment from upland
erosion have increased the ability of the marsh sediments to bind phosphorus. At present, it appears
that the primary source of nutrient loadings into OPC Reserve waters derive from non-point
sources.

Tidal freshwater marshes contain a high diversity of plant species arranged as vegetation zones
along an elevation gradient. These zones, however, are not as well defined as those found in salt
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marshes. Each zone is characterized by one or two dominant species (Mitsch and Gosselink
2000, Pasternack et al. 2000, Leck and Simpson 1995, Simpson et al. 1983). Elevation and
hydrology are the primary factors controlling plant distribution patterns and associations in tidal
freshwater marshes as they dictate the depth and duration of flooding within the wetland
community (Mitch and Gosselink 2000, Pasternack et al. 2000). Therefore, any factor or
disturbance producing a change in elevation and hydrology, either by increasing or decreasing
the substrate level or by altering the hydrologic regime, will affect species composition (Leck
and Simpson 1987, Niering 1989, Leck and Simpson 1995, Pasternack et al 2000). Although
biotic or internal factors may be important in altering the substrate and initiating habitat change
in coastal wetlands, most evidence supports the role of abiotic or external factors, such as shifts
in sediment or hydrology by storms (Niering and Warren 1980; Serodes and Troude 1984, Clark
and Patterson 1985, Clark 1986, Shaffer et al. 1992, Mitsch and Gosselink 2000).

According to Hilgartner (1995) and Pasternack et al. (2000) OPC Reserve wetlands include a
mosaic of one subtidal and eight intertidal/supratidal habitat zones occurring in general along a
gradient of increasing elevation and decreasing flood levels. The subtidal habitat is generally
dominated by submerged aquatic vegetation during the growing season with some patches of
barren sediment. The intertidal and supratidal habitats and their relative elevation levels above
sea level include pioneer mudlflat (O m), floating leaf (O m), low marsh (<0.3 m or <0.98 ft.),
middle marsh (0.3-0.6 m or 0.98-2.0 ft.), high marsh (1.0 m or 3.3 ft), shrub marsh (2.0-3.0 m or
6.6-9.8 ft.), shrub levee (1.0-3.0 m or 3.3-9.8 ft.), and riparian forest (>3.0 m or >9.8 ft.).
Distinction among these different habitats is not always evident in tidal freshwater marshes as
their presence is more a response to particular elevation and hydrological characteristics (Leck et
al. 2009). Gradation from middle to high marsh is often subtle and almost imperceptible.
Because of this and for the purpose of this document we have opted for recognizing mainly one
subtidal and five intertidal/supratidal habitats in tidal freshwater marshes based in hydroperiod:
1) subtidal and open water; 2) pioneer mudflat; 3) low marsh; 4) middle-high marsh; 5) scrub-
shrub swamp; and 6) swamp or riparian forest. These predominant habitats will be described
below and specific information about OPC will be based in the studies conducted by Hilgartner
(1995) and Pasternack et al. (2000) as well as current CBNERR-MD monitoring efforts of
emergent and submerged aquatic vegetation.

2.4.1.1 Subtidal and open water

One of the most important communities found in the subtidal zone of the OPC component is
submerged aquatic vegetation (SAV) or underwater grasses. These are non-flowering or flowering
macrophytes that grow completely underwater; their growing season extends from April to October.
When not colonized by SAV this subtidal and open water zone is dominated by barren sediment
composed mainly of silt. Spatial variation of sediment texture, however, changes from gravel to
clay.

Underwater grasses provide important ecological functions, including: habitat for fish, supply food
for aquatic organisms and waterfowl, enhance nutrient accumulation, transformation, and cycling;
promotes particle trapping and help stabilize bottom sediments (Lubbers et al. 1990, Caffrey and
Kemp 1992, Rybicki et al. 1997). A historical review from the Virginia Institute of Marine Science
(http://web.vims.edu/bio/sav/index.html) has indicated that little SAV was found in the Bush River
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before 1996. Underwater grasses began to reappear in the Bush River in 1996 and have maintained
a constant presence since then (Figure 2.4.2), although the community’ species composition and
dominance has changed through time.
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Figure 2.4.2 Long-term distribution of submerged aquatic vegetation in the Bush River (1971-2008). No
value indicates that the area was not mapped or not fully mapped. Data source: Virginia Institute of Marine
Science.

From 2000 to 2004, the SAV coverage in the Bush River steadily increased from 79 to 414 hectares
(195.2 to 1023 acres). During this time, SAV beds were concentrated in the upper reaches of
Church Creek, OPC, and Dove Cove. SAV coverage expanded by 162% between 2003 and 2004
and additional beds were observed along the main stem of the Bush River. Underwater grasses
reached their highest level in the Bush River in 2004; declined during 2005 and 2006, but increased
in 2007 to then show a small decline again in 2008. The decline in SAV during 2004-2006
coincided with the Bush River failing to meet several important SAV habitat criteria. These criteria
were formulated from a three year water quality assessment which accounts for yearly variability in
hydrographic conditions including precipitation and river inflow. From 2004 to 2006, the Bush
River met the SAV criteria for phosphorus, but failed to meet criteria for water clarity and
chlorophyll (algae), and was marginal for total suspended solids (TSS) concentrations (Trice et al.
2007).

The growth of different species within the upper reaches of the Chesapeake Bay depends on
tolerances to different environmental conditions including salinity, light, temperature, nutrients
levels, sediment type, and physical setting. During the 2004 peak of historical SAV growth a total
of ten species were observed in the Bush River, which included: Ceratophyllum demersum
(coontail), Elodea canadensis (common waterweed), Heteranthera dubia (water stargrass),
Hydrilla verticillata (hydrilla — non native), Myriophyllum spicatum (eurasian watermilfoil — non
native), Najas guadalupensis (southern naiad), Najas minor (spiny naiad — non native),
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Potamogeton pusillus (slender pondweed), Vallisneria americana (wild celery), and Zannichellia
palustris (horned pondweed; Orth et al. 2004).

By 2008-2009, a total of seven species are still reported to occur in the Bush River-OPC area
including H. verticillata, M. spicatum, C. demersum, V. americana, Z. palustris, P. pusillus, and E.
canadensis. H. verticillata currently is the most abundant and has the widest distribution of any of
the SAV species within the component. The capability of this species to grow well in a wide range
of environmental conditions makes it a great competitor. H. verticillata can be found under
oligotrophic (low nutrients) or eutrophic (high nutrients) conditions (Cook and Luond 1982), at
salinities ranging from freshwater to close to that of sea water (Haller et al. 1974, Steward and Van
1987), in bodies of water with widely ranging pH levels (Steward 1991), and it grows well under
low light levels (1% of full sunlight or less; Van et al. 1976). H. verticillata can grow up to 2.5 cm
per day, allowing quick growth to the water surface and the development of a canopy; this canopy
then shades out other SAV species (Langeland 1996, Haller and Sutton 1975; Figure 2.4.3).

Photo credi: J. Btz

Figure 2.4.3 Extensive “H. verticillata mat” at OPC. An example of canopy development and potential
overshadowing of other underwater grass species.

Monospecific stands of H. verticillata can provide some habitat for fish and other wildlife, as well
as food for waterfowl (Esler 1989, Colle et al. 1987). H. verticillata will also tend to increase water
clarity (Canfield et al. 1984), which is probably due to a reduction of sediment re-suspension and
reduction of phytoplankton populations by nutrient uptake. However, when H. verticillata mats
start reaching more than 30% to 40% of the area, the benefits provided start to diminish. Water
quality starts to decrease by raising pH, decreasing oxygen under the mats, and increasing
temperature, which decreases its habitat value for fish and other aquatic organisms. Additionally,
extensive H. verticillata mats tend to outcompete native underwater grass communities and impact
water use by interfering with navigation of both recreational and commercial craft.

Although the benefits and impacts of H. verticillata have not been directly measured at the OPC
Reserve, observations support most of the statements indicated above. For example, during recent
years H. verticillata has often covered, during the growing season (April — October), much of the
open water embayment at OPC highly limiting the recreational use of the area by canoes and small
boats (Figure 2.4.3). Water quality also seems to change during this time of the year. For example,
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data recorded from 2004 through the CBNERR-MD’s continuous water quality monitoring station
at OPC shows a decline of oxygen levels between July and September, which coincides with the
peak of SAV growth, particularly the dominant H. verticillata; similarly, pH levels slightly increase
between June and August (Figure 2.4.4). Similar patterns were observed for other years.
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Figure 2.4.4 Dissolved oxygen (DO) and pH levels during 2004 in OPC. Submerged aquatic vegetation
growing season extends from April to October.

In an effort to monitor the status and spatial and temporal changes of the SAV community at the
OPC component, the CBNERR-MD research program established in 2007 a monitoring effort that
involves the yearly sampling of five main SAV beds within the Bush River and OPC. Within each
site, a 60 m-long (197 ft.) transect is sampled for SAV at 10 m (32.8 ft.) intervals (three times a
year: June-August-October) using modified oyster tongs. Data collected include dissolved oxygen,
temperature, salinity, conductivity, secchi depth, water depth, qualitative description of substrate
type, species presence, and an indirect measure of species biomass. Collected data are recorded and
organized by CBNERR-MD and are available upon request.

Considering that the OPC SAV community is dominated by the non-native H. verticillata, various
efforts have been conducted to attempt the restoration of some of the native species through
different volunteer and local community efforts. Some of these efforts include the Chesapeake Bay
Foundation’s Grasses for the Masses Program, which is organized in OPC through the Anita Leight
Estuary Center and CBNERR-MD. This program involves the participation of students, volunteers,
and the local community in the growing and planting of native underwater grasses including V.
americana, and H. dubia. These grasses are planted in May and June in locations where H.
verticillata is either not present or minimal. V. americana seeds are also spread during May and
June to allow germination of the seeds prior to H. verticillata forming dense mats.

Examples of additional SAV restoration activities that have taken place at the OPC Reserve include
the planting of V. americana in 2003 through a collaborative effort among the Chesapeake Bay
Foundation and its BaySaver volunteers, the National Oceanic and Atmospheric Administration
(NOAA), and Maryland DNR including CBNERR-MD staff. This effort was conducted as part of
the Chesapeake Bay Program strategy to restore SAV within the Chesapeake Bay, and involved a
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study to determine the effectiveness of using machine plantings to restore SAV (Bergstrom et al.
2004). Other plantings in OPC were conducted as part of the 2009 NOAA Restoration Day (Figure
2.4.5). As part of this activity NOAA staff grow SAV in small tanks, which are then planted during
one-day field restoration event (more information about this event could be found at:
http://restorationday.noaa.gov/).

Despite all SAV plantings to increase the presence of native species in OPC, the dominance of the
non-native H. verticillata is still evident. Monitoring of some of these restoration efforts have
shown limited success, which could be attributed to different factors including competition with
non-native species and inadequate habitat conditions, particularly due to high water turbidity within
this area. The success of these planting events, however, resides in the outreach and education
value as it creates community awareness of the importance of SAV for the health of the Chesapeake
Bay and its aquatic resources.

Photo credits: J. Bortz

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

2.4.1.2 Pioneer mudflat

The mudflat area in OPC becomes exposed only during low tide. Mudflat acreage has increased
through the years as a result of high sedimentation rates particularly at the mouth of the HaHa
Branch (Figure 2.4.6). As sediments are deposited, surface elevation increases leading to a
decrease in flooding frequency and duration, which eventually allows for plant colonization. This
growing mudflat by the HaHa Branch is currently being colonized by several pioneer species
(Table 2.4.1), which were recorded after a preliminary survey conducted during the fall of 20009.
From the species listed in Table 2.4.1, hooded arrow-head (Sagittaria calycina var. spongiosa)
was particularly abundant in this mudflat. More information on the progression of this mudflat
colonization needs be conducted to better understand this dynamic environment.
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Table 2.4.1 Pioneer species colonizing a mudflat by the mouth of the HaHa Branch at OPC.

Scientific Name

Common Name

Sagittaria calycina var. spongiosa

Spongy arrow-head

Peltandra virginica Arrow arum
Sagittaria latifolia Arrowhead
Pontederia cordata Pickerelweed
Acorus calamus Sweet flag
Zizania aquatica Wild rice
Ludwigia palustris Water purslane
Heteranthera reniformis Mud plantain
Polygonum punctatum Smartweed

Thypha latifolia

Broadleaf cattail

Bidens tripartita

Beggar-ticks

Four grass/sedge species

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

2.4.1.3 Low marsh

The OPC low marsh is a very dynamic environment, characterized by longer inundation periods
than the middle-high marsh and often colonized by perennial species (Leck et al. 2009). Perennial
plants grow during spring and summer and die back during the winter leaving vast expanses of
apparently unvegetated mud. In OPC, as a result of sedimentary processes, the low marsh is
expanding downstream from the distributaries of OPC into the Bush River, particularly around the
HaHa Branch discharge zone (see section 2.4.1.2 - pioneer mudflat, above).

97



The area of low marsh in OPC comprises about 13.4 hectares (33 acres) and is mainly dominated by
the broad-leaved, perennial, fleshy species Nufar lutea (spatterdock). In some areas, submerged
macrophytes (i.e., H. verticillata) can be found growing among the N. lutea plants. N. lutea covers
extensive areas during the growing season, which appear from the air as large ring shaped
structures. N. lutea stores its seasonal productivity in massive underground rhizomes which fuel
rapid growth in the spring when water temperatures rise. During the winter, exposed frozen mud
flats develop a distinctly lumpy appearance from the spatterdock rhizomes below the surface.

Progressing inland and/or among the N. lutea rings other species also found in the low marsh may
include Pontederia cordata (pickerelweed), Zizania aquatica (wild rice), Peltandra virginica
(arrow arum), and Sagittaria latifolia (big leaved arrow head). These, however, often grow in low
densities in this low marsh area.

In the low marsh small fish, primarily Fundulus heteroclitus (mummichogs) forage among the
stems and submerged leaves and in turn are fed on by Sterna spp. (terns) and Ceryle alcyon (belted
kingfishers). C. alcyon frequent the forest edge of the marsh while the terns fish the open water
edge. Among the N. lutea low marsh zone is also common to observe the Cyprinus carpio
(common carp) swimming and searching for food.

2.4.1.4 Middle - high marsh

Low and middle-high marsh together comprise about 36% (35.6 hectares or 88 acres) of the wetland
area in OPC (Mause, 1986). The middle-high marsh zone is characterized by a mosaic of species
(both perennials and annuals), which diversity is higher than that found in the low marsh zone.
Species distribution within this zone is determined by various physical and biotic
factors/stressors (including flooding, soil conditions, disturbance, and competition) and by how
individual species tolerate or respond to these stressors, which may relate to seed banks,
germination capacity, growth rate, etc. In contrast with the low marsh zone where physical
stressors are more important (i.e. inundation), in the middle — high marsh zone competition plays a
dominant role (Leck et al. 2009). Because of the intrinsic environmental variability of this zone and
the higher species diversity, it is not uncommon to find diverse patches interspersed with various
sizes of almost pure monospecific patches of species such as Typha spp. and Acoraus calamus.

Species presence and distribution within tidal freshwater marshes varies not only spatially but also
seasonally, between years, and over longer temporal scales. Some of this variability could be
attributed to the presence of annual and perennial species, which results in a complex dynamics of
plants growing, flowering, producing fruit, and dying back at different times throughout the
growing season (Leck et al. 2009). Inter-annual and long-term variability is linked to a variety of
environmental and biotic factors including climatic conditions; soil and sedimentation
characteristics; hydrology; natural and anthropogenic-induced habitat changes; species seed
production and germination success, etc. (Leck et al. 2009).

Some of the dominant species found in the middle-high zone of the OPC marsh include Typha
angustifolia (narrow leaf cattail), Impatiens capensis (jewelweed), Leersia oryzoides (rice cutgrass),
and Acoraus calamus (sweet flag). Peltandra virginica (arrow-arum) is found in this zone and
throughout the marsh (Figure 2.4.7). Other species were found in limited areas such as Orontium
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aquaticum, which occurred only in one section of marsh in HaHa Branch. Cephalanthus
occidentalis (button bush) and Cornus amomum (silky dogwood) appear at the transition zone to the
wooded wetland or swamp. Betula nigra (river birch), C. amomum and Toxicodendron radicans
(poison ivy) line the channels of OPC and Winters Run which flow through the wetland.

Lobelia cardinalis (cardinal flower) and Campsis radicans (trumpet-vine) growing in the high
marsh serve as food sources for the Archilochus colubris (ruby-throated humming bird).
Eupatoriadelphus maculatus (spotted trumpetweed) and other large flowers in this region form an
important food source for butterflies and insects of the order Hymenoptera.

An extended list of plant species found within the OPC marsh and swamp habitats is given in
Appendix 1. This list will continually be updated as more research and monitoring is conducted in
the OPC reserve. As indicated in previous sections tidal freshwater marshes are characterized for
their great biodiversity. During the 1990s Hilgartner (1995) identified 109 species in OPC recorded
from transect and quadrant analysis. Seventy-five species (68.8%) were herbaceous and 34 (31.2%)
arboreal. A continuation of monitoring into 2004 by Hilgartner and Pasternack, Hilgartner and
Brush (2000) provided a total list of 177 species. Of these 138 (78%) are herbaceous and 39 (22%)
are woody or arboreal.

As part of the CBNERR-MD research and monitoring program, the emergent vegetation of OPC
tidal freshwater marshes have been monitored since 2008 using protocols established for the NERR
System (Moore 2009). The long-term goal of this monitoring effort is to characterize this marsh
community and determine changes in response to land use and climate change. Preliminary results
show, as indicated previously, an overall dominance of N. lutea in the low marsh zone and T.
angustifolia and P. virginica in the middle-high marsh. This data also highlights the natural
variability within the system, which is mainly expressed by differences in the presence and
abundance of the less dominant species (Figure 2.4.7).
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Figure 2.4.7 Representation of the ten dominant species found along transects located in three main areas of
the OPC tidal freshwater marsh: a) HaHa Branch, b) Wood Duck Cove, and ¢) Winters Run.

2.4.1.5 Scrub - shrub swamp

Species found within the scrub-shrub marsh area include Typha latifolia (broad leaf cattail), Salix
nigra (black willow), and Saururus cernuus (lizard’s tail). Shrub levee species include Cornus
amomum (silky dogwood), Alnus serrulata (common alder), and Polygonum sagittatum (arrowleaf
tearthumb). The abundance of woody perennial shrubs in the high marsh provides a variety of
habitats for birds and insects.

2.4.1.6 Riparian forest or swamp

A deciduous riparian hardwood forest dominates much of the OPC component. This vegetation is
adapted to a floodplain environment where small, bifurcated tidal stream channels meander
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throughout, depositing alluvial silt and sand sediment. There is an intimate relationship between the
river and the floodplain where a continual dynamic balance exists between deposition and removal
of sediment. Subtle changes in elevation above the water table and the proximity to channels can
affect zonation of vegetation. Plants adapted to this environment must be able to withstand periods
of flooding and saturation of the roots when soil becomes anaerobic. Various species are adapted to
different flooding frequencies and duration, so the composition of the vegetation is closely
dependant on elevation and hydroperiod. In addition, asexual reproduction by rhizomes and stolons
combined with the production of abundant seeds dispersed by the wind, water or both permit these
species to be particularly well adapted to establishment and growth in wetlands continually
subjected to disturbance (Hupp and Simon 1991, Harlow and Harrar 1969).

Natural disturbances commonly include periodic flooding above stream banks by storms and
hurricanes. Other natural disturbances are created by beavers which have periodically inhabited the
component and flooded portions behind their dams. Anthropogenic disturbances have included the
building of roads, principally U.S. Route 40 and the construction of sewer lines thorough the area,
the temporary sewage oxidation ponds, and storm water runoff draining from adjacent high density
townhouse development into the riparian forest.

The forest canopy moderates water temperatures in the stream by shading the surface during the
summer and permitting sunlight to reach the water surface during the colder winter months. Tree
roots increase bank stability and create overhanging cover for aquatic animals. Leaf fall seasonally
adds organic matter to the stream and fallen trunks and branches retard stream flow creating riffles
and pools. The coarse woody debris becomes a substrate for microscopic biological activity. The
current velocity is moderately high in the upper portion of Winters Run except for the pools formed
behind log jams. The substrate of these rivers is predominately coarse sand and gravel. There is no
significant submerged aquatic vegetation in this portion of the river.

In riparian wetlands stem density is greatest within the first few years of establishment, then
declines with stand age as the canopy closes and competition for light and root space intensifies
(Haupp and Simon, 1991; others). The tidal riparian forest or swamp habitat is dominated by Acer
negundo (box elder) and its codominants, Fraxinus pennsylvanica (green ash) and Betula nigra
(river birch). This is an association that is also found along numerous non-tidal riparian systems in
the region (Brush et al 1980). The riparian forest sampled in the OPC component showed a mean
relative density of 55.1 % and 22.2 % for A. negundo and F. pennsylvanica, respectively.

Scattered throughout the forest and more common along the river banks are Platanus occidentalis
(sycamore), Salix nigra (black willow), Betula nigra (river birch), Acer saccharinum (silver maple),
Carva cordiformis (butternut), and Liquidambar styraciflua (sweetgum), which are indicatives of
long periods of soil saturation. This successional community will persist until further fluvial
deposition creates improved soil drainage. These species occur as dominant species in seasonally
flooded riparian wetlands throughout the southern U.S. and are typical of a hydrologic regime
where the annual flooding frequency is 51 to 100 % and where the duration of flooding is 12.5% to
25 % of the growing season (Mitsch and Gosselink 1986). B. nigra and S. nigra are species typical
of initial revegetation stages in early succession of riparian wetland vegetation. A. negundo is
typical of initial revegetation stages where bank accretion is occurring during channel evolution,

101



while F. pennsylvanica is typical of more stable river stages when accretion rates decline (Haupp
and Simon 1991).

Succession would then move the community toward Acer rubrum (red maple) and Liriodendron
tulipifera (tulip poplar) as dominant species. The mature trees in the riparian forest community are
estimated to be between 40 and 60 years old. A few individual P. occidentalis, S. nigra and B.
nigra have diameters at breast height (DBH) of 0.50 meters or more (W. Hillgartner, personal
communication). These trees are generally scattered, particularly along the river bank. No
exceptionally old trees have been observed in the Reserve. Although the OPC Reserve is within the
limits of the South