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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).
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Figure 3.4.28 Cumulative number of box turtles marked each season at Jug Bay in a 50 ha study
plot. Courtesy of Chris Swarth, Jug Bay Wetlands Sanctuary.

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

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

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

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

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

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unpublished data).

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 (2008; unpublished data).

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

1.1 THE NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM PROGRAM

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

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

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

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

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

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

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

Otter Poin Creek

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:

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.

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.

44



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

45



Sanctuary, this facility is a key staging facility for the Reserve’s efforts at Jug Bay including
research, monitoring and education/outreach.

e~
B

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 Creek = 7 -

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

Bel Aur

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).

52



Bush River
Subwatersheds

Drainage Areas

Monks Creek

Lauderick
Creek

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).

Photo credit: P.Delgdo

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
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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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Temp. (°C) -0.69 | 219|522 |13.17 | 1579 | 20.79 | 15.30 | 19.06 | 13.40 | 5.13 | 5.07 | 3.14
Precip. (mm) 1.01 |413|3.02| 247 | 429 | 33.11 | 116.93 | 83.96 | 84.03 | 77.56 | 21.36 | 2.12

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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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.

68



5 Bush W %’_
— ] N > L
West to East Wind _ M".’; Y River via

Lt

@;;f

water level - — /
gugc \,_ e {:‘//-
\\"lizntcrs - —n /
\

un

e

\
ag%

./
i "
Otter Point Creek &7 /r *"
¥ 3 "
oy J/ T, \ va
.‘3‘ N ‘/{g c r_{/ 1\.", ‘ Fan -2
= Y ) upper
S . BP‘-“h / W 1*\x Chesapeake
g :ﬁ\ﬂ %, River QL Wl x Bay
- / Ly - = ¥
= . / \ el \“-f(-:~\\ s
z rr/ “ “ {f"rrf\:» g
ARG B Ve A2
= v \"—f
I |
“P.r_ <f‘r\/ o
( 'u,/
"\__\ \/
7
|

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).
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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).
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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).

D RangeiTech Area
D Administrative Area

. Restricted Area

Carroll

Island . 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).

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%

= Agriculture
Agriculture 22%
25%

Bush Creek

Forested
33%

OPC Reserve ~ Z=yor=
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 | 0.26 026 060 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.
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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% 02 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 Ryding Smith Molvaer Novoiny
Svstem Status (2001) and Rast et al. et al. and Olem
(1989) (1999) (1997) (1994)
Eutrophic =10 6.7-31 9-25 - =10
Fresh- ) 1< )
water Mesotrophic 2-15 3-74 359 - 4-10
Oligotrophic 0.3-3 0.8-34 <35 - =4
Eutrophic - - 3-5 =7
Marine .
Mesotrophic - - 1-3 2-7
Oligotrophic - - <] <2

Sources: Molvaer et al. 1997, Novotny and Olem 1994, Ryding and Rast 1989, Smith et al 1999, Wetzel 2001.

85



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-Colomn Depth (meters) .
(mg liter") 0.5m I m 2m 0.5m Im 2m
5 199 G
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

1998 -2000 data 1985 through 2000
Nitrogen: fotal Farr No Trend
Phosphoms: total Farr Degrading (46%a)
Algae: Abundance Poor Degrading (117%)
Dhssolved Onygen 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).

<DPpC-<vm

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 credit: J Bot

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).
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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,
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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 Southern Forest Region it is close enough to the northern limit that Taxodium distichum
(bald cypress) will not naturally establish.

There has been continual disturbance of the forest by hydrologic and human factors and some
sections of the forest became established relatively recently. Aerial photography from 1957 clearly
shows open unforested areas around Route 40 and other areas. In a 1967 aerial photograph, these
areas show trees moving in and by 1986 the same areas have a closed canopy forest which remains
through the present. Other sections of former riparian forest have reverted to open habitats. The
south bank of Winters Run at Route 40 was flooded after Hurricane Agnes in 1972. The area today
remains a cattail marsh peppered with dead tree trunks and sprouting black willow. New stream
channels, circumventing the log jams have appeared and have altered the forest composition in this
region.

The unevenness of the ground, a series of levees and swales indicate long term meandering of the
river channel with the resulting sorting and reorganizing of the substrate. On top of this is grafted
the anthropogenic disturbances to the soil associated with the building of roads (U.S. Route 40)
sewer lines and ponds. The adjacent high density townhouse development drains storm water
runoff directly into the riparian forest. Ground cover in the region of the Rt. 40 crossing is
dominated by Poa sp. (grass), Viola papilionacea (violet), Urtica dioica (stinging nettle), Impatiens
capensis (jewelweed), Polygonum punctatum (dotted smartweed), Rudbeckia laciniata (green-
headed coneflower), and Toxicodendron radicans (poison ivy). Other less common species also
found in this area are Commelina sp. (dayflower), Saururus cernuus (lizard tail), Tovara virginiana
(jumpseed), and Osmorhiza claytoni (sweet cicely). Several introduced species dominate portions
of the ground cover including two rapid growing vines: Lonicera japonica (Japanese honeysuckle)
and Celastrus orbiculatus (Asian bittersweet). In some areas the introduced Glechoma hederacea
(ground ivy) is extensive indication that the area may have been open or park like not too long ago.
This species is on slightly higher ground where flooding appears to occur less frequently. The C.
orbiculatus is common on trees along the river bank and forms a virtually impenetrable thicket in
some locations.

At least 10 tree species are known to occur in this region, 31 herbaceous plants, and an
undetermined number of grasses. Three of the six most commonly encountered species are
introduced: L. japonica, C. orbiculatus and Polygonum perfoliatum (Asiatic tearthumb). Two other
species of tearthumb, both native are also present in the riparian forest. Lindera benzoin (spice
bush), Glechoma hederacea (ground ivy), Viola papilionacea (wood violets), and various grasses
are also dominant understory herbs in this community.

102



2.4.1.7 Other estuarine habitats

Lagoons

Moving from the riparian forest toward the open water, one encounters high steep berms which
surround poorly flushed ponds or lagoons. These lagoons are tidally influenced, extremely shallow,
and nearly filled with emergent vegetation. Except for the presence of the berm surrounding them,
the lagoons are virtually indistinguishable from the marsh beyond. In most places the vegetation is
submerged only at the highest tides. Broad leaved cattails form the predominant vegetation in the
interior of the ponds although some wild rice grows there as well. The perimeter of the lagoons
remains submerged at all normal tide stages and do support some watermilfoil. The berms around
these ponds support Cephalanthus occidentalis (button bush), Cornus amomum (silky dogwood),
Eupatoriadelphus maculatus (spotted trumpetweed) and other shrubs which provide significant
"edge" effect for wildlife habitat. The shrubs along the berms attract Archilochus colubris (ruby-
throated hummingbird) and a variety of butterfly species. Fish species found in the ponds include
the Fundulus diaphanus (banded killifish), Ictalurus nebulosus (brown bullhead), Ictalurus
punctatus (channel catfish), and Cyprinus carpio (common carp). The sediment in the ponds is
highly organic and derives from nearly a decade of use as oxidation lagoons for excess sewage.

The two lagoons were constructed and started operation around 1968 to serve the residential
development which began in the early 1960's. By the mid 1960's Edgewood Meadows housing
development had encroached close to the stream bank at Winters Run. The Edgewood Heights
housing development occurred during this time also. Both lagoons were abandoned when a
collector line to the Bill Bass pumping station was completed,; this line was constructed across
Winters Run and bisects the Reserve component. By 1986 marsh vegetation had completely
recolonized the abandoned lagoons. The year that the berms were breached and opened to tidal
flushing was not recorded but probably occurred during Hurricane Agnes in 1972 when the entire
region was inundated.

The lagoon area is managed by the Isaac Walton League for the production of Anas platyrhynchos
(mallard). Wire duck nests are mounted on poles in the cattail beds and filled with hay to provide
food and cover for the nesting hens. The state rare black duck also nests in this area. However the
Izaak Walton League makes no special nesting structures for Anas rubripes (black duck) which
competitively interacts with A. platyrhynchos.

The area of the excavation for the placement of the Bill Pass line now supports stands of the
Phragmites australis (common reed), an opportunistic invader of disturbed hydric soils. The
patches of common reed are being monitored for potential spread beyond the region of disturbed
soils and a control plan would be developed in the event that the plant does become a problem.

Snake Island

A significant feature of OPC is Snake Island, the only visible remains of what old maps show as a
series of islands in open water. Sea level change and erosion have reduced the size of the islands.
Sediment deposition from the upper watershed has fostered the expansion of the marsh until it has
surrounded the remains of the island to the point where it appears to be just a wooded hummock 35
meters wide surrounded by low marsh vegetation.

103



In terms of vegetation, Snake Island consists in a mesophytic forest. The higher elevation (6 m
above sea level) permits better drainage of the soil. The dominant vegetation include Sassafras
albidum (sassafras), Vaccinium corybosum (blueberry), Quercus falcata (southern red oak), and
Pinus rigida (pitch pine). Acer rubrum (red maple), Aluns serrulata (smooth alder), Quercus prinus
(chestnut oak), Robina pseudoacacia (black locust) and Prunus sp. (wild cherry) are also found on
the hummock. The understory vegetation includes Smilax sp. (greenbriers), Celastris orbiculatus
(Asiatic bittersweet), Viburnum dentatum (southern arrowwood), Sassafras albidum (sassafras),
Toxicodendron radicans (poison ivy) and Festuca trachyphylla (hard fescue). The low marsh
vegetation extends in all directions from Snake Island, mostly a broad expense of Nuphar lutea
(spatterdock), Zizania aquatica (wild rice), Sagittaria latifolia (arrowhead), Acoraus calamus
(sweet flag), and Impatiens capensis (jewelweed).

2.4.1.8 Marsh functioning

Sources of allochthonous (transported into system from outside) and autochthonous (formed within
system) organic carbon include the forest through leaf fall and woody debris, emergent marsh
vegetation, submerged macrophytes, and algae (Nybakken and Bertness 2005). The relative role of
each of these producer groups to the overall productivity of the OPC marsh is something that needs
more research. Of the three energy sources feeding into the OPC ecosystem the most variable
seems to be sediments and nutrients although clearly these are coupled with the water component,
which acts as primary delivery system as well as a component of organic production.

Input of inorganic nitrogen to the system is through surface water, ground water, and bacterial
fixation of atmospheric nitrogen. Recent work elsewhere in the Chesapeake Bay suggests that an
important source of nitrogen includes nitrate dissolved in ground water (Jordan 1991).
Denitrification, the bacterial production of atmospheric nitrogen gas that occurs in the marsh also
occurs in the riparian forest. The riparian forest of the Rhode River has shown to remove most of
the nitrogen leaving adjacent agricultural fields whether in ground water or surface runoff (Jordan
1991). A similar process is expected to be occurring in the riparian forests of OPC.

The exports of primary production are both biotic and abiotic. The abiotic removal of organic
carbon is driven by the tides and by high runoff storm events. In the absence of high energy inputs
from these sources burial in the sediment would be the principal route of abiotic removal. Biotic
removal from the ecosystem is accomplished by grazers and filter feeders including birds, fish, and
mollusks.

The marsh and riparian forest area is used as a nursery habitat by a variety of species. Alosa
pseudoharengus (alewives) and Alosa aestivalis (blueback herring) pass through the Reserve
component on their way upstream to spawn in the shallower reaches of Winters Run. A.
pseudoharengus usually arrive in early March and depart by the end of April. A. aestivalis
spawning extends from April through mid-May (Hildebrand and Schroeder 1929, Mansueti and
Hardy 1967). Also, juvenile Brevoortia tyrannus (menhaden) enter the downstream portions of the
Reserve where they feed on large quantities of phytoplankton and particulate detritus in the water
column. The open water portion of OPC is listed as a nursery area for both Trinecthes maculatus
(hogchoaker) and Anchoa mitchilli (bay anchovy); (Lippson 1973). Juvenile fish will usually be
present from late April to September. The timing of reproduction of these migratory fish is
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integrated into the prevailing pattern of weather and water movements to provide reliable access to
the rich food sources of the wetland. Abundant food enables rapid growth which enhances survival
when the fish move to other parts of the estuary or to the open ocean to avoid unfavorable seasonal
weather changes. At least two species of filter feeding mollusks live in the tidal channels of the
marsh/riparian forest, Macoma balthica (Baltic macoma) and Rangia cuneata (brackish water
clam). Rithropanopus harasii (mud crab) can be locally abundant where mud bottoms are provided
with abundant woody debris. The maintenance of the overall marsh high productivity is important
to sustain the Reserve’s living resources; alterations would significantly impact the system.

2.4.2 Upland Vegetation Community
2.4.2.1 Upland forest

The Leight Park property consists in a mesophytic deciduous forest community. Land elevations
are higher on this side of OPC and the soil, Beltsville silt loam in moderate (5 to 10 %) slopes is
moderately well drained and contains stones and clay. The forest has a well developed understory
and humus layer. These forests are home to a variety of small mammals including squirrels,
raccoons, and opossums and to a wide variety of song birds. This portion of the Reserve has not
been surveyed, but it is an objective of future monitoring efforts.

The upland forest consists of mixed species of Quircus spp. (0ak), Fagus grandifolia (beech) and
Ligquidambar styraciflua (sweetgum), Lyrodendron tuliphira (tulip popular) and Carya spp.
(hickory trees). In some areas this forest is banked with fringes of emergent vegetation such as
Typha spp. The understory includes llex opaca (American holly) and rhododendrons. In addition
to being characteristic of the coastal plain forest the vegetation has been modified by previous
inhabitants.

The property had been in one-family ownership for several generations with only minimal clearing
for agriculture although a portion of the forest understory is given over to the cultivation of varieties
of azalea and rhododendrons by the former residents. The Anita C. Leight Estuary Center is located
in this portion of the Reserve component, along with public trails and a paved parking lot.

2.4.2.2 Vernal pool

The vernal pool found in OPC is unique and has not been the focus of much research. Since
little is known, it has never been confirmed that it exhibits the characteristics of a true vernal
pool. Vernal pools vary in size and depths, but are mostly filled with water from fall through
mid-summer. The rising water table fills the pool during fall months while the snowmelt and
increased rainfall feeds the pool through mid-summer (The Vernal Pool Association 2009).
Furthermore, vernal pools generally support obligate species such as Fairy shrimp, Wood frogs,
Spotted salamanders, Jefferson salamanders, and Blue spotted salamanders. These obligate
species are dependent upon vernal pools for at least one stage of their life cycle (Upper
Susquehanna Coalition 2010).
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Figure 2.4.8 Location of the vernal pool at OPC.

The vernal pool at OPC is located several meters off the Discovery Trail at the Anita C. Leight
Estuary Center (N 39°27.084, W 76°16.273) and is accessible by a small trail (Figure 2.4.8).

The pool has been observed flooded from October through April; however, it is frozen during the
winter months. Heavy rain can also intermittently flood the pond during late spring months, but
the pool quickly dries. While actual depth measurements have not been recorded, the vernal

pool is estimated to reach depths of approximately 38 cm (15 inches) when full. The pool is not
suspected to support much life that is characteristic of vernal pools. During March and April, a
few tadpoles and plentiful mosquito larvae have been observed in the vernal pool. Green frogs, a
facultative species of vernal pools, have also been observed in the pool during spring months.
Unfortunately, there has not been much evidence of egg masses of any species. Observations of
the vernal pool at this Reserve component are qualitative; therefore, quantitative analysis of
species presence/absence is necessary to confirm its classification as a “true” vernal pool.

2.4.3 Microbiological Components

Bacteria are known to be pathogenic in some cases and for decomposition and nitrogen fixation
in others. Both aerobic and anaerobic bacteria are found throughout the marsh decomposing
organic material accumulated in the soil from plant production. Anaerobic bacteria, found deeper
in the marsh substrate, break down the organic matter into ammonium, hydrogen sulfide,
methane, and other products. Hydrogen sulfide gives the marsh its characteristic rotten-egg odor.
Red streaks in marsh mud also indicate the presence of oxidized iron, a common and important
element in the marsh.
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Fecal coliforms (fecal bacteria) are facultative-anaerobic bacteria. The presence of fecal coliform
in aquatic environments may indicate that the water has been contaminated with the fecal
material of man or other animals. Fecal coliform bacteria enter rivers through direct discharge of
waste from agricultural and storm runoff, mammals and birds, and human sewage. In the past,
beaches along the Bush River were closed to swimming due to fecal coliform bacterial
contamination, linked to failing septic systems and sewage treatment plant overflows (Harford
County Planning and Zoning 1984).

2.4.4 Plankton

Plankton are microscopic, free-floating organisms which are defined by the life history strategy
of drifting according to the movement of the tides, winds, and currents. Plankton do not swim,
per se, although some species move with the aid of cilia, flagella, or other locomotion. Some
examples of plankton are diatoms, copepods, fish larvae, and jellyfish.

Plankton are classified according to their trophic level and the amount of their lifespan spent as a
free-floating organism. Phytoplankton are autotrophic organisms which photosynthesize and are
the main primary producers of aquatic systems. Zooplankton occupy the next trophic level,
feeding on phytoplankton or bacteria (heterotrophs) or dead organisms (detritovores).

2.4.4.1 Phytoplankton

Phytoplankton are microscopic, free-floating aquatic plants and important primary producers in
aquatic systems. They are the basis of most aquatic food chains, providing a major food source
to many organisms which in turn are prey to organisms of higher trophic levels. In addition, and
through the process of photosynthesis, phytoplankton release oxygen into the water during the
daylight hours providing a benefit to the water quality in these habitats. Currently, there is no
program to monitor phytoplankton at OPC.

Diatoms, dinoflagellates, cyanobacteria, green, and golden algae make up most of the
phytoplankton community at OPC. Phytoplankton communities are structured by salinity,
temperature, light, and nutrient availability. An excess of nutrients in the estuary during
favorable growth conditions can trigger a rapid increase in phytoplankton abundance which can
result in large algal blooms. Some species if found in high concentrations can become toxic
causing serious health issues.

In the Bush River, occasional algal blooms often originate after large spring river flows or large
rain events that bring large volumes of fresh water; this fresh water carries significant quantities
of nutrients (particularly in areas with high agricultural activity or highly developed watersheds),
which combined with increasing temperatures and light, produces a large increase in
phytoplankton biomass or algal bloom. Phytoplankton that is not eaten by suspension feeders
(such as zooplankton, oysters, and some fish) sink to the bottom where they are broken down by
bacteria (Malone et al. 1986; Tuttle et al. 1987; Malone et al. 1988). This process of bacterial
metabolism is aerobic and may result in severe decrease or depletion of oxygen in the water
which can be detrimental to organisms such as fish and shellfish.
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In some instances, fish kills in the Bush River and OPC have been attributed to low dissolved
oxygen levels resulting from these episodic algal blooms. During the period 2003-2009 at least
eleven harmful algal events were reported in different sections of the Bush River (Table 2.4.2).
These events are often related to poor water quality conditions in the river.

Most of the algal blooms reported for the Bush River between 2003 and 2009 were associated to
one species of cyanobacteria, Microcystis aeruginosa. Other cyanobacteria that have caused
blooms in the Bush River include Anabaena sp., Pseudoanabaena tenuis, and Karlodinium
veneficum (Cole et al. 2005; Smith et al. 2009; Harford County Planning and Zoning 1984).

Table 2.4.2 Harmful algal events reported for the Bush River for the period 2003-2009. Sources: Cole et. al.
(2005) and Smith et al. (2009).

i Date . Harmful Algal Event Approximate Location
| -
| 2003
iE riginosa: 1.6 m
264,000 cells ml”

2.4.4.2 Zooplankton

Zooplankton are a diverse group of aquatic invertebrate animals ranging in size from unicellular
flagellates one-hundredth of a millimeter in diameter to jellyfish one meter in diameter. Free-
floating larval stages of commercially important species of oysters, clams, and crabs are also
included within the zooplankton. Zooplankton consume bacteria and phytoplankton. The
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zooplankton community is dependent on the availability of phytoplankton and in turn is integral
to the life cycle of fish, serving as a food source during fish larval stages. Excretion by
zooplankton is one of the most significant recycling mechanisms that supplies phytoplankton
with nitrogen and phosphorus for growth. Zooplankton are affected by algal blooms, the amount
of freshwater entering the bay (especially spring discharge), toxins in the water, and other
fluctuating parameters of the water.

A study of the zooplankton of OPC began in 2010 by Anita C. Leight Estuary Center (ACLEC)
volunteers. Zooplankton was sampled in the vicinity of the continuous monitoring station
located on the pontoon boat dock near the ACLEC. Sampling took place approximately every
two weeks during the summer. Samples are stored in the ACLEC laboratory. In addition, the
Chesapeake Bay Program (CBP) and Maryland Department of Natural Resources (MD-DNR)
have monitored the zooplankton community at specific stations within the Bay and tidal
tributaries since 1984, although none of the stations sampled are on or near the Bush River and
OPC. CBP Bay-wide zooplankton monitoring has been very limited recently although there is
recent interest in reestablishing this program. Data and information regarding CBP and MD-
DNR programs can be accessed at: http://www.chesapeakebay.net/data_plankton.aspx and
http://www.dnr.state.md.us/bay/monitoring/phyto/index.html, respectively. A comprehensive
list of species found within the Chesapeake Bay has been generated and updated annually with
new species (Chesapeake Bay Program 2007).

The tidal freshwater zooplankton community is dominated primarily by rotifers, copepods, and
cladocerans (Wilmer et. al 2000). Throughout the season, a change in the presence and
proportion of species is evident in OPC, from primarily rotifers early in the summer to an
increase in cladocerans and copepods at midsummer. Zooplankton density is highest in July. A
high density of juvenile fish is present in samples in the month of July. In autumn, zooplankton
numbers in the samples decline.

There are many different species found within the Chesapeake Bay and locally in the OPC
zooplankton community. Some of the most abundant species include Eurytemora affinis,
Acartia tonsa, Cyclops spp., Bosmina longirostris, and Podon polyphemordes (Figure 2.4.9). In
addition, other abundant species found during the zooplankton survey of OPC include
Asplanchna sp., Brachionus sp., Scapholebris sp., Diaphonosoma sp., and Moina sp. Some of
the most common species at OPC are shown in Figure 2.4.9.
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Figure 2.4.9 Examples of some of the most common zooplankton found in OPC. (Photo credit: Baker-
Brosh and Mattson).

Two genera of rotifers are most prolific in early summer: Asplanchna and Brachionus.
Asplanchna is carnivorous on other rotifer species including Brachionus. When Brachionus is
living in the presence of Asplanchna, it grows spines on the anterior surface of the lorica (outer
shell-like covering) to resist capture and consumption by Asplanchna (Gilbert 1966). At Otter
OPC, where the two genera are found together, the spines of Brachionus are evident.

MD-DNR Fisheries Service regularly monitors ichthyoplankton (meroplankton) at certain
subwatersheds in the Chesapeake Bay drainage basin. The Bush River was originally monitored
by MD-DNR as part of this research but is now monitored by CBNEER-MD staff. Bush River
data is shared with MD-DNR Fisheries Service. The larval stages of five commercially
important anadromous fish species are included in this study: Alosa sapidissima (American
shad), Alosa mediocris (hickory shad), Alosa pseudoharengus (alewife), Alosa aestivalis
(blueback herring), Perca flavenscens (yellow perch), and Morone americana (white perch).
This monitoring project, which was developed to document the spawning activity of these
species in the tributaries in Maryland tidal waters, started in 1967 and was completed around
1987 (O’Dell et al. 1975). In 2005, the sampling sites for two of the watersheds (Bush River and
Severn River) sampled in the old study were re-sampled to update the information on spawning
habitat use. Overall results from a comparative analysis for the Bush River watershed between
the 1972 and 2005 data suggests a decline in anadromous spawning and larval fish habitat use
over the last thirty-three years. Historically, M. americanus, P. flavenscens, A. pseudoharengus,
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A. aestivalis, A. sapidissima and A. mediocris were present. Data from 2005 showed, A.
pseudoharengus, A. aestivalis, A. sapidissima and A. mediocris present, but M. americanus, P.
flavenscens absent in samples. However, historical data included collection of adults where M.
americanus, P. flavenscens were present, and sampling of adults in 2005 was not implemented.
Thus, direct comparisons between the historic data and present data are limited. A.
pseudoharengus, A. aestivalis, A. sapidissima and A. mediocris were observed at seven out of
twenty five stations, indicating that some streams still support spawning of these species
(McGinty 2005).

Zooplankton are critical to the estuarine ecosystem. It is well known that an adequate supply of
zooplankton is crucial for larval fish development (Morris and Mischke 1999). Ichthyoplankton
research by MD-DNR Fisheries Service indicated a strong relationship between the presence of
copepods in Chesapeake Bay watersheds and the presence of larval yellow perch. Recent
examination of the gut contents of larval P. flavenscens showed that copepods were found in 55-
100% of the fish sampled, while cladocerans were found in 2-22% of the guts (Uphoff, pers
comm.). This indicates that copepods were very important for larval P. flavenscens success in
2010 (Uphoff, pers comm.). Recruitment for A. sapidissima in the Chesapeake Bay is highest
during years of high spring freshwater discharge into the Bay (Hoffman et. al 2007). High
freshwater discharge delivers an abundance of organic matter from the watershed. The high
organic matter stimulates higher zooplankton production which serves as a plentiful food supply
for larval fish (Hoffman et. al 2007). Conversely, years of low spring discharge correlate with
lower levels of zooplankton production and smaller year-classes of A. sapidissima (Hoffman et.
al 2007).

Researchers at MD-DNR Fisheries Service are interested in understanding the importance of
watershed development on zooplankton dynamics and the ultimate impact of development on
larval fish success rates. Qualitative observations among watersheds imply that developed
watersheds where stream alteration, wetland loss, and urbanization are present, supply water to
the Chesapeake Bay that is deficient in vital organic matter, possibly affecting the phytoplankton
and zooplankton populations. Discharge from developed watersheds could potentially act to
decrease zooplankton production or alter timing of spring blooms important for feeding success
and survival of anadromous fish larvae (Uphoff, personal communication.). Conversely, water
samples from undeveloped watersheds appear to contain adequate amounts of organic matter and
zooplankton necessary for fish growth and survival (McGinty, personal communication).
Additional research to characterize the relationship between larval yellow perch survival and
watershed development among Chesapeake Bay tributaries is planned (Uphoff personal
communication).

2.4.5 Benthic Macroinvertebrates

The term benthos refers to aquatic animals that live on bottom habitats including soft mud and
sand, vegetated, shell, or rocky bottoms. Benthos can be considered as the “middlemen” in the
aquatic food chain and play a critical role in the flow of nutrients and energy. They feed on
algae and bacteria and are an important part of the food chain, especially to fish. Benthic
macroinvertebrates include: phylum Annelida (worms and leeches), phylum Mollusca (clams
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and snails), and phylum Arthropoda (crayfish) and immature forms of aquatic insects (stoneflies
and mayflies).

Benthos are considered good indicators of the health of aquatic habitats for various reasons:

e Live in the water for most of their life.

e Have limited mobility, not able to escape the effects of sediment and pollutants that
diminish water quality.

e Represent an extremely diverse group of aquatic animals who differ in tolerance to
amount and types of pollution.

e Remain in areas suitable for their survival.

e Easy to collect.

e FEasy to identify in a laboratory.

e Often live longer than a year.

Based on adult size benthic invertebrates are classified in three groups: meiobenthos which
includes the smallest organisms, macrobenthos, and megabenthos (individuals several
centimeters in size). For the purpose of this site profile, we are focusing on macrobenthos; these
include organisms that are retained in a 500 um mesh screen, but cannot be identified without
magnification. In estuaries, examples of this group include annelid worms, bivalves, gastropods,
crustaceans, tunicates, and insects’ larvae.

The sampling of benthos is based on the type of aquatic habitat being studied, and can be
conducted to monitor water quality over a broad area or at point source discharges. Ecologists
use various characteristics when using benthos as indicators of water quality. One characteristic
is pollution tolerance. Certain benthic organisms are sensitive to pollutants. For example,
mayflies are intolerant of pollution, so the collection of large numbers is an indication of good
water quality. Another characteristic is taxa richness (or number of species); the greater the taxa
richness the greater the water quality. Another characteristic is functional groups. The absence
or presence of certain feeding groups can indicate a disturbance in the food supply and therefore
the presence of toxic chemicals or other contaminants.

The benthic macroinvertebrate community of OPC has not been the focus of much research; the
only existing study was conducted by MD-DNR, Maryland Biological Stream Survey (MBSS).
The main objectives of this study were to (1) characterize the ecological condition of the major
tributary sub-watersheds that feed into OPC; (2) identify likely sources and locations of stressors
to streams in the area; and (3) examine the efficacy of restoration work conducted in non-tidal
portions of the watershed. Complete methodologies and results for this study can be found in
Stranko et al. (2007).

MBSS sampled 42 non-tidal and 2 tidal sites in and around the OPC component in 2000-2004,

and in 2006. Only results from the closest more direct tributaries to OPC, Lower Winters Run
(below Atkisson Reservoir) and HaHa Branch, will be discussed in this section.
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Lower Winters Run

Stream ecological conditions at non-tidal sites, as measured by benthic macroinvertebrate and
fish indices of biotic integrity (I1BI) scores, ranged from 1.0 (poor) to 4.67 (good). Streams with
high ecological conditions included the main-stem of Winters Run and OPC, Mountain Branch,
and one unnamed tributary draining from the western portion of the town of Abingdon. Although
these areas remain in good condition, poor ecological conditions were observed in three
unnamed tributaries and in portions of the Winters Run main-stem. At six of the eleven sites
sampled in Lower Winters Run, benthic IBI scores indicated poor conditions (Figure 2.4.10).
Stream fish communities at seven of the eleven sites were in good condition (Stranko et al.
2007).

The ecological health of this watershed seems most threatened by urban development and the
associated increases in impervious land cover occurring in and around the town of Bel Air. The
percentage of impervious land cover upstream of all sites sampled in the Lower Winters Run
exceeded two percent, which is a level that has been shown to cause the loss of species and
declines in biological integrity of streams. Upstream impervious surface at three sites sampled in
this watershed was greater than 10% which is a level consistently associated with poor biological
integrity and a complete loss of sensitive species. Continued urbanization threatens areas of high
biological integrity still remaining in the non-tidal mainstem and in tributaries to Winters Run
and OPC. Tidal portions of this system would probably also degrade as impervious land cover
increases upstream (Stranko et al. 2007).

Haha Branch:

The ecological condition of this stream, as measured by the fish IBI score, was fair. While the
condition of the benthic macroinvertebrate habitat was also fair, the benthic macroinvertebrate
community was in poor condition (Figure 2.4.10). Even though only one site was sampled in
Haha Branch in 2006, it seems that impervious land cover is a major stressor in this tributary.
Upstream impervious land cover measured at this site was 8.5 %, a level associated with low
biological integrity (Stranko et al. 2007).
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Figure 2.4.10 Benthic Index of Biotic Integrity scores for sites sampled in tributaries to the OPC Reserve
component. Highlighted are the sites for the Lower Winters Run and HaHa Branch. Source: Stranko et
al. (2007).

A list of the species collected from all sampling sites during the duration of the MBSS study is
provided in Table 2.4.3. A total of 75 species were collected; from these 19 species (25%) were
found only in the tidal sites, and 13 species (17%) in both non-tidal and tidal sites. From the
species collected in the two tidal sites Polypedilum sp. (midges, moucherons), Gammarus sp.
(amphipods), Limnodrilus sp. (oligochaetes), and Orthocladius sp. (midges, moucherons) were
the most abundant (Stranko et al. 2007).

Table 2.4.3 Partial species list of benthic macroinvertebrate fauna collected in non-tidal and tidal sites of
the lower Winters Run, a tributary to OPC. Source: Information source: Stranko et al. (2007).

Phylum Class Order Family Species Common Names
Annelida Clitellata Haplotaxida Naididae Naididae Earthworms
Tubificidae Limnodrilus Earthworms
Spirosperma Earthworms
Clitellata Lumbriculida Lumbriculidae Lumbriculidae Earthworms
Rhynchobdellida Piscicolidae Piscicolidae Leeches
Arthropoda Insecta Coleoptera Elmidae Ancyronyx sp. Riffle beetles
Dubiraphia Riffle beetles
Macronychus Riffle beetles
Microcylloepus Riffle beetles
Oulimnius Riffle beetles
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Phylum Class Order Family Species Common Names
Haliplidae Peltodytes Crawling water
beetles
Hydrophilidae Berosus Water scavenger
beetle
Psephenidae Psephenus Water-penny
beetles
Diptera Ceratopogonidae Ceratopogonidae Midges
Chironomidae Cardiocladius Midges
Chironomus Midges
Cricotopus Midges
Cryptochironomus Midges
Cryptotendipes Midges
Diamesa Midges
Dicrotendipes Midges
Endochironomus Midges
Eukiefferiella Midges
Hydrobaenus Midges
Microtendipes Midges
Nanocladius Midges
Orthocladius Midges
Parachironomus Midges
Parametriocnemus Midges
Paraphaenocladius Midges
Paratendipes Midges
Phaenopsectra Midges
Polypedilum Midges
Rheocricotopus Midges
Rheotanytarsus Midges
Stempellinella Midges
Stictochironomus Midges
Tanytarsini Midges
Tanytarsus Midges
Thienemannimyia Midges
group
Trissopelopia Midges
Tribelos Midges
Tvetenia Midges
Empididae Hemerodromia Balloon flies, dance
flies
Simuliidae Prosimulium Black flies, buffalo
gnats
Simulium Black flies, Buffalo
gnats
Tipulidae Antocha sp. Crane flies, tipules
Tipula Crane flies, Tipules
Ephemeroptera Ephemerellidae Ephemerella Spiny crawler
mayflies
Eurylophella Spiny crawler
mayflies
Serratella Mayflies
Heptageniidae Stenonema Mayflies
Isonychiidae Isonychia Mayflies
Hemiptera Belostomatidae Belostoma sp. Electric light bugs,

Lepidoptera

Megaloptera

Pyralidae

Corydalidae

Lepidoptera
Pyralidae

Nigronia

giant water bugs
Butterflies

Grass moths, Snout
moths

Dobsonflies,
fishflies,
hellgrammites
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Phylum Class Order Family Species Common Names
Odonata Calopterygidae Calopteryx Broad —winged
damselflies
Coenagrionidae Coenagrionidae Narrow-winged
damselflies, pond
damsels
Corduliidae Macromia Emeralds, green-
eyed skimmers
Gomphidae Hagenius Clubtails
Plecoptera Perlodidae Perlodidae Perlodid stoneflies
Trichoptera Brachycentridae Micrasema Caddisflies
Hydropsychidae Cheumatopsyche Net-spinning
caddisflies
Hydropsyche Net-spinning
caddisflies
Philopotamidae Chimarra Finger-net
caddisflies
Malacostraca Amphipoda Crangonyctidae Crangonyx Amphipods
Gammaridae Gammarus Amphipods
Mollusca Bivalvia Veneroida Corbiculidae Corbicula Asian clam
Sphaeriidae Sphaeriidae Pea clams,
fingernail clams
Pisidiidae Sphaerium Pea clams
Gastropoda Basommatophora Physidae Physella Physa
Nematomorpha Gordioida Gordea Gordiidae Gordiidae Horsehair worms
Nemertea Enopla Hoplonemertea Tetrastemmatidae Prostoma Ribbon worms
Platyhelminthes Turbellaria Tricladida Planariidae Dugesia Triclads

Color coding: Black (found in non-tidal sites); Red (found in tidal sites); Blue (found in both non-tidal and tidal sites).

2.4.6 Fish, Reptiles, and Amphibians

The information provided in this section, unless otherwise indicated, has been summarized from
various information sources, which are listed in the reference section of this site profile.

The abundance and diversity of fish, amphibians, and reptiles within an estuary can help assess
its overall ecosystem health. It has been proposed that amphibians are good indicator species
due to their sensitivity to changes in their environment. Even though OPC is virtually land-
locked by development, over 70 species of fish, amphibians, and reptiles still thrive here in this
small suburban sanctuary.

Many of the animals in this group require one or both an aquatic and terrestrial habitat for
breeding and adulthood. So it is important that OPC has a variety of habitats to offer these
species. OPC consists of four main habitat types: upland forest, forested wetlands, tidal marsh,
and open water. The upland forested area accounts for most of land in the Leight Park area.
These upland areas are comprised of deciduous trees and shrubs, such as red maple, river birch,
mountain laurel, sassafras, and high-bush blueberry. A vernal pool is also located in this habitat
and supports a few species of frogs during the spring and early summer (Figure 2.4.11). The
area is not flooded by a creek nearby since it is generally between 20 and 40 m above the water
level. Many species of terrestrial turtles (box turtles) and reptiles inhabit this area.
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Photo rlts: K.Keller

Figure 2.4.11 Vernal Pool and tidal freshwater marsh at OPC.

The forested wetlands are a much smaller part of Leight Park; however they cover almost the
entirety of the Bosely Conservancy. Species found there include deciduous trees, shrubs, marsh
plants, and several invasive species. These areas are characterized by an over-story of trees, an
understory of young trees or shrubs, and an herbaceous layer. The Bosely Conservancy is
generally only up to 3 m above the water level. This area contains many species of amphibians
and reptiles.

The tidal freshwater marsh is a large part of the western area of the OPC component between the
Bosely Conservancy and the open water. Its mostly soft clay and silt bottom supports many
species of both submerged and emergent vegetation. This marsh receives the tidal signal from
the Chesapeake Bay and is inundated twice a day following the tidal cycle. These areas are
known for their high species diversity and are home to aquatic turtles and some snakes.

The open water area of the OPC component is over 105.2 hectare (260 acres) and supports many
species of submerged aquatic vegetation. It looks more like a small lake than a creek and its
depth is generally less than 2 m (6.6 ft.). Surrounded by marsh vegetation, this area provides a
safe habitat for larval and adult fish and aquatic turtles.

2.4.6.1 Fish

Since sampling by Reserve staff began in 2001 over 40 different species of fish have been
identified from OPC and the Bush River. Some of the more abundant fish species include:
Fundulus diaphanous (banded killifish), Alosa aestivalis (blueback herring), Lepomis
macrochirus (bluegill), Dorosoma cepedianum (gizzard shad), Notemigonius crysoleucas
(golden shiner), Menidia beryllina (inland silverside), Lepomis gibbosus (pumpkinseed),
Notropis hudsonius (spottail shiner), Etheostoma olmstedi (tessellated darter), Morone
americana (white perch), and Perca flavescens (yellow perch). A more comprehensive list of
fish species reported from the Anita C. Leight Estuary Center can be found in Appendix I.
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MD-DNR Fisheries Service collaborates with the Reserve on volunteer staffed fish monitoring
programs. Through these monitoring efforts population dynamics are evaluated. Also, several
species have shown decline from the programs inception. It is suspected that increased
urbanization within the watershed may be negatively impacting important spawning areas.
Efforts to examine these issues include

e Yellow Perch Larval Monitoring Program
e Larval Fish Survey
e Juvenile Fish Sampling

Yellow Perch Larval Monitoring Program

P. flavescens are an important recreational and commercial fishery in OPC and the Bush River.
Their populations however, have been declining since the early 1980s. Research conducted at
the reserve from 2005-2009 shows a decrease in P. flavescens encountered during the sampling
(Figure 2.4.12). Possible reasons for decline include decreased water quality resulting from an
increase in urban and industrial development. In 1989, the situation was critical enough that nine
watersheds within the Chesapeake Bay were closed to commercial P. flavescens fishing and six
closed to recreational fishing. The commercial and recreational interest in yellow perch dictates
a research focus. In conjunction with the MD-DNR Fisheries Service, a P. flavescens larval
study is ongoing in the Reserve. The study monitors the presence and temporal distribution of
larval P. flavescens in the Bush River.
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Figure 2.4.12 Juvenile fish sampling between 2005 and 2009 shows a decline in yellow perch caught in
trawl and seine nets.

Between late February and early March yellow perch spawn in OPC and the Bush River. During
this period both historic and new sites are searched for yellow perch egg masses (Figure 2.4.13).
In late March, ten sites on the Bush River are sampled for larval yellow perch using plankton net.
The net is towed for two minutes and the sample is placed into a tray for larvae identification.
Water quality data is recorded at each location. These data help determine the residence time of
yellow perch larvae in the Bush River. The data indicated that yellow perch hatch out during the
last week of March and by the first two weeks of April are absent from the sampling area. There
appears to be a correlation between their departure and water temperature.
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Photo credits: Coastal Conservation Association.

Figure 2.4.13 Yellow perch and yellow perch egg case.

Juvenile Fish Sampling

The juvenile fish sampling survey assesses the habitat quality and overall health of the fish
community in OPC. This is done by collecting baseline data to monitor tidal fish species. These
data are used to track trends in the fish populations, species composition, age and abundance of
commercially important species. Staff and volunteers sample four tidal sites along the Bush
River during each sampling event. A 30.5 m (100 ft.) beach seine and the quarter sweep method
are used to collect fish. Once the seine is landed, fish are counted, sorted and certain species are
measured (Figure 2.4.14). Three of the sites are simultaneously sampled by boat using a 4.9 m
(16 ft.) trawl. The trawl is deployed for six minutes and towed at a speed of two knots. Once the
fish are landed they are counted, sorted and certain species are measured.

Photo credit: Anita C. Leight Estuary Center.

Figure 2.4.14 Fish seining part of the juvenile fish sampling survey at Otter Point Creek.
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Preliminary results from the fish seining surveys shows high inter-annual variability in the
abundance of several of the species sampled (Figure 2.4.15). Through the years, white perch
numbers are consistently higher than other species, which suggest a healthy population in OPC.
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Figure 2.4.15 Average number of fish caught per species at the Otter Point Creek fish seining sampling
site.
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Larval Fish Survey

Anadromous fish populations in Chesapeake Bay, Maryland have been declining over the last
several decades. Over this same time period significant urbanization in the Baltimore area has
occurred, with unknown impacts to the spawning habitats of anadromous fish species. A survey
that spanned twenty years was conducted, beginning in 1967, to document the spawning activity
of A. sapidissima, A. mediocris, A. pseudoharengus, A. aestivalis, P. flavescens, and M.
americana. Over this time period all suspected spawning tributaries in Maryland tidal waters
were surveyed. These data are still being cited in permit review and land use decision processes,
despite skepticism over the validity of using thirty-year old records. In an attempt to update
these records, the MD-DNR Fisheries Service strived to repeat this survey using volunteers. A
three-year larval fish project was initiated to assess the percent change in the presence of
migratory fish eggs and larvae. Fifteen sites on tributaries of the Bush River were used to collect
water quality data and a five-minute icthyoplankton sample to be sorted and identified for larval
fish and eggs. Presence of migratory fish eggs and larvae were recorded and evaluated to
determine the range of spawning and larval habitat in the Bush River. The results of the survey
showed that most migratory species are not utilizing spawning areas upstream in the OPC and
Bush River systems.

Commercial and recreational fishing

The Bush River watershed supports a network of streams and a dynamic freshwater tidal marsh
ecosystem which provides important spawning grounds for a variety of anadromous and estuarine
fish species. As such, the Bush River sustains an important local commercial and recreational
fishing industry. Fish harvest in the Chesapeake Bay is regulated by MD-DNR. The MD-DNR
records of commercial fish catch for the Bush River date back to 1972. These records detail the
type of fish harvested, landings numbers, and the general fishing location. These records have
been used by MD-DNR to keep track of the commercial landings within the Chesapeake Bay, to
monitor and enforce compliance with state management regulations, and to develop single stock
species assessments. In a general effort to characterize commercial fish harvesting within the
Bush River, MD-DNR records from 1972-2004 were analyzed to examine temporal trends of
total fish catch, changes in main targeted species, and species relative importance of total harvest
(Figure 2.4.16, Table 2.4.4).

Total fish catch in the Bush River during the period 1972-2004 shows a slight increase,
particularly during the last years (1996-2004). Catch, however, is not even throughout with
some years being more productive than others. The total yearly fish catch varied greatly and
ranges from 13,545 to 117,491 kilograms (29,800 to 258,479 pounds). Such fluctuations can
result from variable yearly catch per unit effort (CPUE), changes in demand, and/or reduced fish
populations. Total catch reported for the period 1972-2004 included, catfish (Ictaluridae), M.
americana and P. flavescens which contributed 64% of the total. The other two species that
rounded out the top five were Morone saxatilis (striped bass) and D. cepedianum (Figure 2.4.16).
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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: MD-DNR Fisheries Service
Department. Data analysis: P. Breintenbach, CBNERR-MD research intern 2008-2009.

Within the Bush River a total of 26 different species have been targeted for fishing (Table 2.4.4).
The top five targeted species yielding most of the catch has changed through time depending on
market demand, fishing regulations, population, natural productivity and/or other undetermined
reasons. M. saxatilis (striped bass), for example, provided 43% and 15% of the total catch for
the periods 1972-1979 and 1980-1989, respectively, but was not among the top five targeted
species during the rest of the time period analyzed (1990-2004). In contrast, D. cepedianum
(gizzard shad) has gained importance as a catch species during the most recent years (2000-
2004), while M. americana (white perch) and P. flavescens (yellow perch) have been important
throughout most of the surveyed time period (Table 2.4.4.).

122



Table 2.4.4 Fish species reported as catch within the Bush River; species are listed for four different time periods.
The multiple pie charts indicate total catch distribution by species during each of four time periods. Only the top
five species are represented in each of the pie charts; the rest of the species are grouped under the “other” category.
Data presented in this table was not corrected for gear type and catch per unit effort (CPUE). Data source: MD-DNR
Fisheries Service Department. Data analysis: P. Breintenbach, CBNERR-MD research intern 2008-20009.

1972 - 1980 - 1990 - 2000 -

Scientific Name Common Name 1979 1989 1999 2004
Anguilla rostrata American eel X X X X
Pomatomus saltatrix Bluefish X X X
Ameiurus sp. Bullhead Catfish X X
Peprilus sp. Butterfish X
Cyprinus carpio Carp X X X X
Ictalurus spp. Catfish X X X X
Pomoxis spp. Crappie X X X X
Species not specified Finfish X X
Dorosoma cepedianum Gizzard shad X X X X
Cynoscion regalis Gray sea trout X X
Alosa mediocris Hickory shad X X
Brevoortia tyrannus Menhaden X X X X
Mugil spp. Mullet — black or silver X X
Alosa pseudoharengus River herring X X X X
Species not specified Shad X X X
Morone saxatilis Striped bass X X X X
Species not specified Suckers: Castostomidae X X X X
Paralichthys dentatus Summer flounder X
Species not specified Unknown X
Ameiurus catus. White catfish X X
Morone americana White perch X X X X
Merlangius merlangus Whiting X X
Pseudopleuronectes
americanus Winter flounder X
Perca flavescens Yellow perch X X X X

Total Species 25* 15° 19° 18 17"

Period: 1972-1979 - Total 16 species

. atfish
Siriped Bass ‘ %

43%
g Turtles
1

Catfish
29%

Other

Period: 1980-1989 - Total 20 species

* Snapping turtles reported as catch
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2.4.6.2 Reptiles and amphibians

Reptiles and amphibians are good indicators of ecosystem health due to their close association
with aquatic habitats and their sensitivity to different stressors. Evidence links global reptile and
amphibian population declines to habitat destruction, and possibly to degraded water quality,
deforestation, highway construction, and urban development. The role that these factors and
other potential stressors (contaminants, introduced species, climate change, ultraviolet radiation,
disease, and atmospheric deposition) play in the loss of these animals has not been determined.
To help answer these questions, reptile and amphibian populations are monitored at OPC. This
data will provide information regarding species diversity, distribution, habitat preferences,
relative abundance, and overall health of reptiles and amphibians within the OPC Reserve.
Volunteers assist with monitoring through the following studies: Visual Encounter Survey,
Coverboard Study, and the Box Turtle Study. Additionally, high school and college interns
conduct projects designed to answer specific questions about reptile and amphibian populations
within the OPC component.

Visual Encounter and Coverboard Studies

Reptile and amphibian data is currently collected using Visual Encounter and Coverboard
methodologies. These are long-term monitoring projects conducted in the upland forested area
of the OPC component within the Leigh Park. Data collected includes: species diversity and
abundance to determine changes in populations over time. Fourteen 25 m by 25 m (82 ft. by 82
ft.) predetermined sites (not including aquatic habitats) were selected at least 75 m (246 ft.) from
the forest edge to eliminate edge effects. Based on vegetation cover, three coverboards are
placed in each of the sites. Volunteers search the surface, vegetation, under rocks and logs, and
in crevices while minimizing their disturbance before searching the coverboards. Any species
found under the coverboards are listed on the coverboard data sheets. All other species found in
the site are listed on the visual encounter data sheets. It has been noted that no site seems to have
particularly fewer encounters than any other. A list of species found within Leight Park is
included in Table 2.4.5.
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Table 2.4.5 Reptile and amphibian species found at Leight Park, OPC.

Species Found Number of Species Found to D ate

Visual Encounter Study | Coverboard Study
2

Arnerican T oad

Black Rat Snake

Eastern Box Turtle
Eastern Garter Snake
Eastern Two-lined Salamander
Eastern Waorm Snake
Green Frog

GGrey Treefrog

Marthern Black Racer
Morthern Ringneck Snake
Marthern Water Snake
Redback Salamander
Fickerel Frag

- =N = R o p =
i e T e O e T e Y e e Y

Turtle Telemetry

Terrapene carolina carolina (Eastern box turtle) were once a frequent and beloved reptile found
in Maryland's woods. In recent years, however, T. carolina carolina populations have started to
diminish, resulting in far fewer encounters. The primary causes for their decline are
urbanization, the construction of roads, and collection as pets. To gain a better understanding of
population dynamics, habitat requirements, and home ranges, volunteers and interns of the Anita
C. Leight Estuary Center monitor T. carolina carolina populations through radio telemetry.

Once a new turtle is found, the GPS position as well as data regarding habitat, weather, and turtle
behavior are recorded. Small radio transmitters are then attached to the turtle carapaces (the top
portion of the shell, Figure 2.4.17). Each transmitter operates on a different frequency that is
picked-up by a receiver allowing volunteers and interns to track the turtles on a weekly basis.
Currently, twelve turtles are tracked through radio telemetry at least twice a week. The GPS data
collected is used to map the home ranges of each turtle. Most importantly, the data yields turtle
habitat preference as well as the amount of space required by each turtle.

Figure 2.4.17 Eastern Box turtle with radio transmitter (left) and with thread spool (right); OPC box turtle
monitoring program.
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In addition to tracking the twelve turtles through radio telemetry, all other turtles found are
monitored by using a notch code system. Upon capture, the age, sex, size, weight, GPS location,
and anything unusual is recorded. To date, 81 turtles have been found and notched; many have
been recaptured at least once. Data collected from the notch code system allow volunteers and
interns to monitor the turtle population trends (turtle health, size, age, sex ratio, etc.) of the OPC
Reserve.

Turtle Thread Survey

Turtle thread surveys provide another useful methodology for monitoring T. carolina carolina at
the OPC Reserve. Upon capture, duct tape is used to attach spools of dental floss (thread) to the
turtle carapace (2.4.17). The turtle is released and as the turtle walks, the thread unwinds leaving
the path the turtle travelled. The goals of the T. carolina carolina thread surveys are to
determine the uses of Leight Park as female nesting locations, turtle movement ratios, and habitat
preference.

To date, there has been no evidence of females utilizing Leight Park for nesting purposes
because no turtle nests have been found. While females may not be using the Reserve as nesting
sites, the thread surveys have provided valuable information regarding turtle movement ratios.
At the end of each survey, the total thread released is measured and is compared to a straight line
that is measured from where the turtle started to where it stopped. This correlates actual turtle
distance to distance moved in a straight line. In addition to turtle movement, a large grid
consisting of 219 plots (3m x 3m each) was constructed to provide percent cover data on all of
the major shrub species in the thread survey study area. Therefore, when a thread survey is
conducted in the grid, all the plots through which the turtle passed are recorded. This data is
being used to explore correlations between shrub species and turtle movement to help estimate
turtle habitat preference.

2.4.7 Birds and Mammals
2.4.7.1 Birds

Long-time residents and community members of the area reported a decline in the population of
wintering waterfowl. Arthur Pierce Middleton in Tobacco Coast (1984) described an upper
Chesapeake Bay flock of waterfowl “as one mile wide and three miles long”. Populations of this
size were apparently common in the upper Chesapeake Bay, but as a result of declining
submerged aquatic vegetation habitat and overhunting, waterfowl populations have since then
sharply decreased.

The open water habitat at OPC Reserve is considered to be prime Aix sponsa (wood duck) nesting
habitat. Its preservation is necessary to prevent further declines in the population of A. sponsa in
the Chesapeake region (Haramis 1991). This habitat is becoming less common in the region due
primarily to changes in land use associated with urbanization.

The riparian woodland is managed for optimum production by the provision of shelter, food

sources, and the control of human intrusion. The lzaak Walton League (The League) manages the
Bosley Conservancy portion of the OPC Reserve for maximum production of two waterfowl
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species of interest to hunters: A. sponsa and A. platyrhynchos (mallard). Although A.
platyrhynchos has a rather broad habitat preference, the habitat requirements for A. sponsa are
coupled to interior bottomland hardwood forests. A. sponsa requires sheltered backwaters not far
from forest cover or nearshore emergent vegetation in order to successfully reproduce. They prefer
the close overhead woody cover of the well developed forest understory or flooded timber with
numerous snags and windfalls (Haramis 1991). "Obligate cavity nesting is the wood duck's
strongest ecological tie with old growth forest, whereas much of the food of the wood duck is
intricately tied to the seasonal water dynamics of flood plain forests and associated wetland.
Availability of early spring aquatic invertebrates is especially critical for the nutrition of laying
females. Throughout most of their range wood ducks have ecological ties to beaver that create
forested wetlands and to the pileated woodpecker, whose nest sites and numerous foraging
excavations help create nest cavities for wood ducks” (Haramis in Funderburke et al. 1991).

The Bosley Conservancy contains a significant portion of habitat that meets the criteria for
successful A. sponsa nesting. In an effort to promote A. sponsa populations within this area, The
League supplements natural tree cavities with an array of A. sponsa nesting boxes formed of molded
plastic, sheet metal, or lumber. These are distributed in shallow flooded portions of the forest where
there are not sufficient woodpecker holes in old trees, but provide sufficient high quality food for
successful egg laying and brood rearing. The League maintains records of nest box usage and often
reports good yearly production of A. sponsa from the riparian forest community. The areas where
active A. sponsa nesting is occurring are posted and patrolled to reduce the impact of human activity
during the reproductive season.

During the non-breeding period A. sponsa feeds on submerged aquatic vegetation (SAV), water
lilies, duckweed, and seeds from sedges and grasses. In the fall, the OPC marsh produces arrow-
arum fruits, wild rice, acorns, black cherries, and the seeds of sweet gum, beech and hickory, all of
which A. sponsa prefers. During the breeding season, the female shifts to a diet of aquatic insects,
snails, small crustaceans, fish and amphibians (Haramis, 1991). These food organisms are abundant
in the seasonal pools of water which accumulate just upstream of log jams and south of Route 40.

A. sponsa ducklings also require a high percentage of animal food during their first few weeks of
life to meet the protein demands of rapid growth. A survey of the species presence and abundance
of the invertebrate and amphibian fauna in the flooded forested region is needed and should be
addressed in future Reserve research efforts.

The Living Resources Subcommittee of the Chesapeake Bay Program strongly recommends the
protection of hardwood floodplain forests upstream from large marshes in order to protect the
populations of A. sponsa. The flooded forest and shrub swamp of the Bosley Conservancy provide
the flooded dead timber interspersed with button bush shrub and other woody cover ideal for A.
sponsa production. As more shorelines of the Chesapeake Bay and tributaries is developed, the
ideal nesting habitat of the Bosley Conservancy will become increasingly crucial to the maintenance
of A. sponsa populations in this region.

A. platyrhynchos is the most common duck in much of the Chesapeake - they adapt well to human
disturbance and have a wide range of food preferences. In a similar effort to that for A. sponsa, the
League seeks to maximize the production of A. platyrhynchos from the marsh through the

construction of nest shelters which provide food, shade, and protection from non-human predators.
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These nest shelters are constructed from heavy wire mesh rolled into a tube and anchored with the
cylindrical axis horizontal. During the nesting season the cylinders are woven with hay providing a
thick thatched wall on which the hen can graze without having to leave the eggs she is incubating.
Crows, raccoons, and snakes are predators on the eggs of the mallard. Predation is reduced by
elevating the nesting tube from the surface of the marsh.

Other waterfowl species found utilizing the OPC marsh area include Butorides striatus (green-
backed herons), Ardea herodias (great blue herons), and Egretta thula (snowy egrets). These feed
along the stream channels and roost in the trees. Downed tree trunks in the stream channel provide
feeding sites for these wading birds.

In addition to waterfowl, many other species of birds utilize the different habitats found in the OPC
Reserve. Since 2006, a Bioblitz has been organized at this Reserve component to increase
knowledge and awareness on the biodiversity of this area. A Bioblitz consists in a special type of
field study, where a group of scientists and volunteers conduct an intensive 24-hour biological
inventory, to try to identify and record different species of living organisms in a given area. As part
of the annual Bioblitz organized at the OPC component, bird observations were conducted
throughout the area including forest and marsh habitats; species were identified and the number of
individuals observed per species was recorded. Results show that up to a total of 105 different
species of birds have been recorded during one day of continuous observations in OPC. A summary
of the ten most abundant species observed during 2006, 2007, and 2008 are presented in Figure
2.4.18. A more comprehensive list of bird species that have been recorded for OPC is included in
Appendix I.
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2006 - Total number species: 84

2007 - Total number species: 105

2008 - Total number species: 88

@ Agelaivus phoeniceus -1,822
| Aix sponsa -29

O Anas platyehynchos -203

O Branta canadensis -119

B Catharus fuscescens -18

@ Columba livia -19

B Phalaercorax auritus -26

O Quiscalus quiscala -40

W Sturnus vulgaris -30

B Turdus migratorius -25

O Agelaivus phoeniceus -200
M Aix sponsa -25

O Anas platyehynchos -43

M Ardea herodias 26

B Baeolophus bicolor -26

W Carduelis tristis -28

M Corvus brachyrhynchos -28
O Cyanocitta cristata -44

B Poecile carolinensis -32

B Turdus migratorius -28

O Agelaivus phoeniceus -710
B Baeolophus bicolor -54

O Branta canadensis -99

O Cardinalis cardinalis -36
W Carduelis tristis -39

@ Columba livia -43

O Cyanocitta cristata -47

O Quiscalus quiscala -1,090
E Tachycineta bicolor -106
@ Turdus migratorius -72

Figure 2.4.18 Species of birds and number of individuals observed during the Bioblitz conducted at the OPC

Reserve during 2006-2008.
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Another study that is currently under way at the Reserve is the monitoring of secretive marsh birds.
Some of these species include Rallus elegans (king rail), Rallus limicola (Virginia rail), Porzana
carolina (sora), Botaurus lentiginosus (American bittern), and Ixobrychus exilis (least bittern).
Secretive marsh birds are considered good indicators of wetland ecosystem health; therefore, our
interest to monitor these populations within the Reserve. This monitoring effort is part of a national
and multi-agency effort developed to monitor marsh bird populations in North America to
estimate population trends (Conway 2007). Protocols developed as a result of this national effort
are being followed at OPC Reserve and other CBNERR-MD components as well as other
National Estuarine Research Reserves implementing similar studies. Details about the sampling
protocol are found in the protocol itself (Conway 2007).

The monitoring of secrete marsh birds at OPC started in 2008 and is conducted by Reserve staff and
volunteers. Results of observations for 2008 and 2009 show few records of these species in the
marsh. During each of both years a total of only six individuals have been recorded, but have
included birds from all species of interest at OPC. This monitoring effort will continue as it
provides an education/outreach opportunity to volunteers while collecting reliable monitoring data
for the Reserve that is simultaneously important for the national survey.

2.4.7.2 Mammals

The OPC marsh lands provide habitat for various species of mammals including Ondatra
zibethicus (muskrats; Chesapeake Bay Foundation 1984). This marsh area is periodically home to
Castor canadensis (beaver) which may have contributed log jams to the earlier history of the site.

In the OPC Reserve, C. canadensis has established in an upstream portion of the Winters Run
watershed and can be seen swimming through the high marsh community within the Reserve.

In 2009 a summer intern project was initiated to study the population of C. canadensis in and
around OPC. The study was three-fold: a survey for C. canadensis signs to locate areas in the
component that are affected by C. canadensis activity, a population survey to estimate the
population size, and a tree damage assessment to understand patterns in woody plant damage.

A map of the OPC vicinity shows the locations of C. canadensis activity recorded during the
summer of 2009. Most C. canadensis signs were found in the Bosely Conservancy (Figure
2.4.19), with less activity recorded in the Anita C. Leight property. Activity appears to be
concentrated along the waterways. Although C. canadensis activity is generally focused near
water, the absence of landward activity according to the map is primarily due to the emphasis of
time surveying via canoe. Signs (Figure 2.4.20) included scent mounds, slides, damaged trees,
lodges, tracks, or a beaver sighting and are indicated by the pushpin symbols on the map in
Figure 2.4.19.
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Key to Beaver Signhs Sighted:
U Beaver B Possible Beaver Channel
B Poszzible Beaver Slides O Scent Mounds B Dam
B Girdled Tree U Multiple Signs in One Location

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

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

The population survey took place on one evening in August 2009. The surveyors stopped at nine
locations along the canoe trail and Turtle Creek to count C. canadensis. A total of 24 individuals
were sighted with most of the sightings in the upper reaches of Turtle Creek. It is recommended
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that surveys take place once per month during the summer months to better estimate the
population size.

Damage assessments were made to woody species by establishing tree plots and assessing
damage within each plot. A total of 16 plots measuring 15 x 9 m (135 m? or 443 ft?) were
established mostly around the lagoon areas where much C. canadensis activity was noted. It was
determined that black cherry trees were damaged most often: nearly 50% of the black cherry
trees in the observation plots had signs of C. canadensis damage. Approximately 30% of the
dogwood, 20% of the green ash, 17% of the pin oak, and 15% of the red maple were damaged.
Although river birch was the most common tree species in the plots, only about 8% of these trees
were damaged. C. canadensis tended to remove black cherry trees that were five inches in
diameter or less, leaving stumps in the plots. Larger black cherry trees were not as often
removed, but were most often girdled.

Overall, there is little research or monitoring focus on mammals at the OPC Reserve, despite the
interest that exist to learn more about this group. The Bioblitz conducted since 2006 at OPC have
been used as a way to expand the list of the species found in this Reserve component. To date, a
total of 16 species have been listed to occur at OPC (Appendix ).

2.5 DISTURBANCES AND STRESSORS

The history of the OPC watershed has shown evidence of both natural and anthropogenic
disturbance. Natural disturbance has been mainly triggered by long-term climate changes and
episodic storm events while anthropogenic disturbances have been mainly the result of human
development activities (Hilgartner and Brush 2006). The occurrence of disturbances is an
important driver shaping the physical environment and as a result the community assemblages
found in a particular area. A description of the most prominent natural and anthropogenic
disturbances affecting the OPC Reserve is presented in the following sections.

2.5.1 Natural Disturbances

Natural disturbances can be analyzed in terms of the scale and source of the disturbance. The
largest scale impacts that shaped the area around OPC are the tectonic history of mountain
building and erosion, glaciation, and coastal submergence which provided the layering of
unconsolidated sediments at the outer edge of the Piedmont. The main stem of Chesapeake Bay
gives evidence of at least three cycles of glaciation, melting, and coastal submergence, forming a
temporal sequence of estuaries generally along the same axis but not necessarily the same outline
or depth profiles. The present interglacial epoch appears to have flooded the OPC area further
inland than the present shoreline. The present shoreline was established solely by quite recent
erosion and re-deposition of coastal plain sediments. The fringing marshes played their part in
the re-deposition of sediments, but that part was often upstaged by the activities of man in
redistributing both soil and vegetation. A fully forested watershed developed which stabilized
the movement of water and soil for much of the post glacial, pre-European settlement period. As
long as the watershed remained forested the shoreline and marsh community responded primarily
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to slowly rising sea level. Relatively stable marshes accumulate organic matter in excess of what
is needed to respond to rising sea level.

In addition to tectonic history, alternating dry (drought) and wet periods during the past 2,000
years have been documented in the mid-Atlantic region. Extended dry periods were recorded
during the seventh century, between 1000 and 1250, 1400, and 1580-1610. In contrast, wet
periods dominated during the tenth and fourteenth centuries and between 1610 and 1750 (Brush
1986, Willard et al. 2003 cited by Hilgartner and Brush 2006). Hurricanes and storm events are
also important natural disturbances. Although storm events were not particularly recorded for
the OPC component, during the past century four significant hurricanes occurred in the upper
Chesapeake Bay including the Hurricane of 1933 and Hurricanes Hazel (1954), Connie (1955),
and Agnes (1972). Associated impacts with these hurricanes included high floods and
significant sedimentation (Landsberg et al. 1968, VVokes and Edwards 1974, Gross et al. 1978
cited by Hilgartner and Brush 2006).

During Agnes in 1972, the occurrence of log jams along the main channel of Winters Run and
OPC, as well as other side channels, retarded storm water runoff and periodically flooded a section
of the forest. The role that log jams play in changing the hydrology in specific areas as well as their
potential impact in fish passage (i.e., blockage of spawning runs) is not well understood and
deserves more research. Field observations have indicated, however, that log jams form and
dissipate, increase and decrease in size, or move around in the network of channels, which may
reduce some of the impacts linked to their presence.

Other natural disturbances are created by biological activity. In OPC, Castor canadensis (beavers)
have periodically inhabited this area and flooded portions of land behind their dams. A population
of C. canadensis is established in an upstream portion of the Winters Run watershed and can be
seen swimming in the channels within the Reserve. Cyprinus carpio (common carp), an introduced
species, may contribute to maintaining high turbidity levels in the tidal portion of the wetland
through the uprooting of emergent vegetation. The presence of a high population of C. carpio in
OPC may have an impact on the submerged aquatic vegetation both through increased turbidity and
direct consumption.

2.5.2 Anthropogenic Stressors

Among the main stressors currently affecting the natural function and health of OPC’s natural
resources are those linked to human activities particularly development; the current and potential
impacts of invasive species and climate change are also discussed under this section.

2.5.2.1 Development

Historically, anthropogenic disturbances in the OPC Reserve were minimal before the
seventeenth century. However, the presence of a charcoal peak within the sediments deposited in
OPC during the thirteenth century suggests an increased in wildfires or human-set fires during
that time (Hilgartner 1995). Human disturbance accelerated after 1658 when the first European
settlers established in the OPC region (Wright 1967 cited by Hilgartner and Brush 2006).
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In more recent times, OPC has been heavily impacted and influenced by a rapidly developing
watershed. The OPC component sits at the tidal interface of the Bush River and the Winters Run
and HaHa Branch tributaries, which contribute the majority of freshwater flow to the system.
Urbanization within the Winters Run and HaHa Branch watersheds has been the source of
increasing loads of sediment and nutrients being delivered to the estuary. In addition to the
strong influence of the upstream area, OPC is also impacted tidally from downstream sources of
pollution. There are two wastewater treatment plants that discharge directly into the tidal Bush
River and thus have the ability to impact water quality in the OPC area.

Urbanization around the Reserve has included the building of roads, mainly U.S. Route 40, housing
development, and the construction of sewer lines, some temporary sewage oxidation ponds,
treatment plants and water reservoirs. As a result of these activities, the delivery of nutrients and
sediments into the OPC estuary has changed. Although residential development in the immediate
vicinity of the OPC component was still light in the 1950s the marsh was expanding rapidly and
reached nearly its present extent by 1951. This particular expansion of the marsh could have been
related to the construction of the Van Bibber water treatment plant on Winters Run a few miles
upstream of the Route 40 crossing. During the 1980's a building boom produced spectacular
sediment flows into Winters Run, contributing to sedimentation, high water turbidities and as a
result potential impacts to the submerged aquatic vegetation and benthic community.

Development has continued around OPC; new developments of homes and businesses started in
the 2000’s on Church Creek (which runs into and meets OPC just before emptying into Bush
River), on the northeast corner of Otter Point Road and Route 40, and on the western side of Rt.
40. These and newer developments continued to put significant pressure around OPC increasing
the need for protection.

Going hand in hand with development is an increase in impervious surface cover, including the
construction of roads, parking lots, roofs, and other human structures. Overall, urbanized areas
have larger impervious surface coverage than more rural areas (Figure 2.5.1), and one of the
main concerns about impervious surface is that blocks the natural seepage of rain into the
ground, which often translates into changes in flow regimes. Subsequently, this runoff is
commonly associated with an increased in nutrients, contaminants, erosion, sediment transport,
and decreased dissolved oxygen conditions downstream into the estuaries.
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Figure 2.5.1 Relationship between impervious surface and development for various watersheds within the
Chesapeake Bay. Source: Uphoff et al. (2008; unpublished data).

The percent of impervious surface cover for the Bush River watershed ranged between 10-30%.
These estimated values were based on each 8-digit watershed within the Bush River Basin (MD-
DNR and Harford County 2002; Figure 2.5.2).

Indicator Statistics

Maximmm: 422 [ Gwynns Falls)
Minimmm: 0.1 (Dividing Creek)
Median: 5.0
Mean: 8.2
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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).
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Data analyses on fish populations and fish habitat shows that an impervious surface cover above
10% is an indication of watershed degradation. The target level of impervious surface associated
with “best” estuarine conditions is generally 5% or less (Uphoff et al. 2008; unpublished data).
A study conducted by McGinty et al. 2007 (unpublished data) in the upper Bush River watershed
has indicated that bottom dissolved oxygen decreased below critical values (3 mg/l) once percent
impervious surface reached more than 10% (Figure 2.5.3). Poor dissolved oxygen conditions
could then lead to impacts on fish egg development, which will translate into poor hatching and
low survival of pre-adult stages.
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Figure 2.5.3 Representation of the correlation between dissolved oxygen and percent impervious surface.
Source: McGinty et al. (2007; unpublished data).

The authors have also shown an overall positive correlation between fish abundance and
dissolved oxygen. Fish abundance decreases as bottom dissolved oxygen levels decrease,
particularly to critical values (Figure 2.5.4). If other sources of stress also cause low dissolved
oxygen levels within inshore areas, the fish community could experience a “habitat squeeze”,
caused by low dissolved oxygen values on the bottom and inshore areas. This habitat squeeze
restricts the fish populations to the now reduced “good habitat” available.
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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).

The Maryland Biological Stream Survey has also related the percent of impervious surface in a
watershed to the health of aquatic resources. For areas with less than 4% impervious cover,
streams generally rate “Fair” to “Good” for both fish and in-stream invertebrates. Areas with
12% or more impervious surface, streams generally rate “Poor” to “Fair” for both (MD-DNR and
Harford County 2002). In other words, the impact of impervious surface becomes increasingly
significant and negative as the percentage of impervious area increases. Stream impacts related
to impervious surface may include reduction of groundwater infiltration, increased soil and
stream bank erosion, sedimentation, destabilization or loss of aquatic habitat, and “flashy”
stream flows (reduced flow between storms and excessive flows associated with storms).

Historically, other man-made structures (e.g., sewage oxidation lagoons, wastewater treatment

plants, and water reservoirs) have induced changes to the physical environment and hydrology of
some areas around OPC. During the early 1960s, the construction of two temporary sewage
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oxidation lagoons at the open water margin of OPC altered the expanding edge of the marsh through
the placement of solid fill; their berms, however, provided substrate for high marsh vegetation
which would not otherwise grow in this location. During operation, the benthic organisms within
the area of the lagoons were subject to intensive eutrophication through the introduction of sewage
sludge to the lagoons, which decreased once the lagoons were abandoned. Since their construction
water circulation through the lagoons has been limited; although a connection between both lagoons
still does not exist, each can be accessed individually by canoe.

The first permanent dam (Atkinson Dam) on Winters Run was constructed by the U.S. Army in
1940s in order to supply water to Aberdeen Proving Ground. No fish passage was ever built at this
dam because the region upstream was not considered spawning habitat for Alosa spp. (river
herrings). Upstream housing development from the dam has resulted in increased siltation which
has lead to the complete filling of the dam loosing its function as a water reservoir and as a sediment
trap. The frequency of flood events in this portion of the watershed appears to be increasing along
with the development of housing in place of farm land (Harold Hartman, 1990, personal
communication) in the upper watershed. Although some level of sediment input is necessary to
stabilize the marsh in its present extent in the face of rising sea levels, we do not yet know what
these maintenance levels are.

A second dam and reservoir for water supply was built near the town of VVanBibber downstream of
the Atkinson Dam and only a few miles upstream of the present boundaries of the OPC component.
This dam was constructed in the 1940s and it was upgraded in 1990 with a fish ladder to allow fish
migrations. The reservoir was stocked with juvenile Alosa aestivalis (blueback herring) so that they
would imprint on the stream segment. The monitoring of returning adults was conducted by MD-
DNR Fisheries Service. The results of the first year of monitoring strongly indicated that the new
fish ladder was working and that log jams were not hindering the passage of Alosa spp. (Jay Odell,
1992, personal communication).

In the document entitled “Bush River Watershed Management Plan” (2003) the watershed was
divided into four categories: 1) sensitive subwatersheds which have an impervious cover
between 0 and 10%; 2) rurally impacted which have an impervious cover of 0 to 10%, but maybe
degraded due to livestock access, grazing and cropping practices; 3) impacted, which have an
impervious cover from11-25% and show signs of degradation due to urbanization; and 4)
impacted special resource, which have an impervious cover ranging from 11-25%, but also have
notable natural resource areas. This includes the OPC drainage.

From a protection point of view, current and future management of the OPC component would
need to consider how to mitigate the affects of a rapidly growing population and increased
development in the watershed. Increasing sediment and nutrient loads as well as elevated fecal
and bacterial concentrations at the site and within the Bush River system are an immediate
concern. It should be noted that with the completion of a Bush River Watershed Restoration
Action Strategy (WRAS), which represents a partnership between MD-DNR and Harford
County, the State of Maryland has focused increased attention on identifying sources of
pollutants to the Bush River with the goal of targeting appropriate restoration activities and best
management practices.
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2.5.2.2 Climate change

Climate change is a global issue that has become of major interest to national and local
governments, non-governmental organizations, and the general public over the last 50 years.
Charles Keeling of the Scripps Institute of Oceanography (SIO) began monitoring carbon
dioxide (CO;) concentrations at the Mauna Loa Observatory in Hawaii in 1958. Since then, he
has published the renowned “Keeling Curve” depicting the drastic change in CO, concentrations
from 1958 through 2005 (Nisbet 2007). In Maryland, the topic of climate change has become
the focus of legislature. On April 20, 2007, Governor Martin O’Malley signed an Executive
Order establishing the Maryland Climate Change Commission (MCCC). On August 27, 2009,
the MCCC released a Climate Change Action Plan; the report denotes a detailed analysis of
climate change in Maryland: the potential causes, impacts, and affects on the Chesapeake Bay,
humans, coastline habitats, forests, wildlife, ocean and air temperatures, crops, etc. The
Chesapeake Bay is one of the most vulnerable estuaries in the country to the potential impacts of
climate change; a result of accelerated sea level rise and land subsidence during the 20th century
(Boesch 2008). The location of the OPC Reserve within the upper Chesapeake Bay region
makes it vulnerable to climate change related issues including sea level rise, salinity intrusion,
and changes in precipitation and temperature patterns.

In Baltimore, Maryland, which is located 18 miles southwest of OPC, sea level is rising at a rate
of approximately 3.08 mm yr? (0.12 in. yr*); (Figure 2.5.5). The National Oceanic and
Atmospheric Administration (NOAA) Center for Operational Oceanographic Products and
Services equated that to a rise of 0.31 m (1.01 ft.) in 100 years (CO-OPS 2008). Over time,
increased water levels would further inundate the marsh edge which could lead to a shifting of
plant species less tolerant to flooding toward the interior marsh; thus, resulting in habitat squeeze
and competition. As the marshes shift inward, landward barriers have the potential to inhibit
marsh shift resulting in wetland deterioration (Scavia 2002).

Currently, the freshwater plant species dominating the intertidal marsh edges of the Reserve are
Nuphar lutea (yellow pond-lily or spatterdock), Pontederia cordata (pickerelweed), Peltandra
virginica (arrow arum), and Sagittaria latifolia (arrowhead). While these intertidal species are
are accustomed to intermittent flooding, increased inundation may cause waterlogging and plant
death (Scavia et al. 2002). Increased flooding and loss of plants will also yield greater shoreline
erosion. The OPC marsh is a shallow system; therefore, loose sediments could increase turbidity
resulting in the degradation of water quality, loss of SAV, and impacts to other aquatic
organisms.
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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).

Salinity intrusion, a result of sea level rise, may pose an additional threat to the tidal freshwater
marshes of OPC, where the average salinity falls below 1 part per thousand. Wetlands can
typically tolerate gradual changes in salinity as freshwater marshes are replaced by brackish
marshes; however, freshwater plants are not as tolerant of irregular and unpredictable salinity
pulses. Some species become salt burned, stunted, grow at reduced rates and/or exhibit reduced
carbon assimilation (Scavia et al. 2002). Species composition and diversity at the Reserve may
also change as the marsh gradually shifts to a more brackish habitat. Furthermore,
methanogenesis, which is the common pathway for cycling carbon among tidal freshwater
marshes, would also be impacted by a salinity increase. The cycling of carbon yields organic
matter accumulation, thus the accretion of sediments. Salinity intrusion increases the availability
of sulfate (S04%). The increased availability of sulfate reduces the methanogenesis pathway and
increases sediment organic matter mineralization or decomposition further slowing the accretion
of marsh sediments; therefore, reducing the potential to keep pace with sea level rise (Weston
2006).

The ability of a tidal freshwater marsh, like the one in OPC, to keep pace with sea level rise
would ultimately depend on a balance between the potential impacts and the mitigating factors
for those impacts. A general representation of this concept is given in Figure 2.5.6 (Delgado
2010, unpublished data). Considering salinity intrusion and increased flooding as the main
impacts of sea level rise, the OPC marshes would probably be more vulnerable to salinity
intrusion. This system currently receives a significant amount of sediments from adjacent
subwatersheds, in addition to in situ organic matter deposition from plant material that supports a
positive surface elevation change probably sufficient to keep pace with estimated values of sea
level rise.
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Figure 2.5.6 Diagrammatic representation of the potential impacts of sea level rise and mitigation factors
on tidal freshwater marshes. Source: Delgado et al. (2010, unpublished data).

Temperature changes associated with global climate change may also translate into changes in
the structure and functioning of plant communities among OPC marshes. Mean temperature for
Maryland is expected to increase by 3 °F by 2050 (Boesch et al. 2008). Extreme changes in the
temperature regime can cause plants to move northward or to higher elevations and affect
reproduction and growth rates. The plant hardiness zonation changes illustrated by the
differences between the 1990 and 2006 maps demonstrate plant zone shifts as a result of
warming temperatures (Figure 2.5.7; Arbor Day Foundation, 2010). During this time period,
some regions of Maryland experienced an entire zone change. As global climate change
continues, the hardiness zones may continue to move northward, and plant communities will
continue to respond to those changes.
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Figure 2.5.7 Differences between the plant hardiness zone maps of 1990 and 2006. Source: Arbor Day
Foundation (2010).

Also related to climate change, precipitation is likely to increase during the winter and spring,
but become more episodic. The warmer temperatures will increase evaporation and likely yield
more droughts during the summer months. These alterations in the hydrological regime will
yield unpredictable run-off inputs of sediment and nutrients, thus modifying habitat suitability.
In the aquatic environment, vegetation adapted to the changing conditions will likely replace
resident marsh plants and non-native species are likely to find the modified conditions more
favorable (Poff et al. 2002). Furthermore, Chesapeake Bay water temperatures have been
increasing at a rate of 0.4 ° F per decade since 1938 equating to an overall warming of 2.8 °F
through 2006 (Figure 2.5.8; Boesch et al. 2008). Though difficult to predict, the rise in water
temperatures are likely to enhance storm events. Future hurricane frequency for the mid-Atlantic
region is unknown; however, with a minimum 2.2 °F rise in water temperature, storm wind
strength increases of approximately 5-10% are probable. The combination of higher sea levels
and more intense winds make shorelines more vulnerable.

Under a scenario of more frequent and stronger storms, the OPC system is likely to be affected
by storm surges and wind speeds that could impact the marsh flora and fauna. Storm surges may
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bring excess sediments and “wrack” that accumulate among marsh surfaces and suffocate
underlying vegetation. Erosion of organic matter and intrusion of salt water also cause salt burn
and vegetation death. Low salinity marshes do have the ability to rejuvenate after severe storms;
however, it is case dependent (Guntenspergen et al. 1995).

Observed Chesapeake Bay Temperature
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Temperature (°F)

T T T T T T T
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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).

Currently, CBNERR-MD is conducting a series of long-term projects to monitor weather, water
quality, submerged aquatic vegetation, groundwater, wetland surface elevation, marsh emergent
vegetation as well as other flora and fauna at OPC and the other Reserve components. This is
part of a national effort lead by NERRS to designate National Estuarine Research Reserves as a
network of sentinel sites for the detection and monitoring of climate change impacts on coastal
ecosystems (Wasson et al. 2009). This effort will provide important baseline information to
evaluate changes and system responses not only to climate change, but to land use changes, to
evaluate success of restoration projects, to monitor introduction or expansion of invasive species,
etc.

2.5.2.3 Invasive species

Invasive species represent an issue of major concern in natural systems because of their
tendencies to proliferate quickly and displace native species. In the Chesapeake Bay there are
approximately 200 known invasive species. As of 2001, 46 of the invasive species have been
labeled as a “nuisance” and of those, six are extremely threatening to the Bay ecosystem: Cygnus
olor (mute swan), Myocastor coypus (nutria), Phragmites australis (common reed), Lythrum
salicaria (purple loosestrife), Trapa natans (water chestnut), and Dreissena polymorpha (zebra
mussel);(Chesapeake Bay Program 2009). At the OPC component, there are 22 known invasive
species (Table 2.5.1). These species are not labeled invasive solely because of their non-native
origin, but because they are causing an overall problem for the native plant and animal
communities.
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Table 2.5.1 Invasive species currently found at Otter Point Creek Reserve.

Order Family Scientific Name Common Name | Status
BIRDS
Anseriformes Anatidae Branta canadensis Canada goose P
Cygnus columbianus Tundra swan R
Cygnus olor Mute swan P
Passerformes Passeridae Sturnus vulgaris European starling P
HERBACEOQOUS PLANTS
Asterales Asteraceae Taraxacum officinale Dandelion P
Capparales Brassicaceae Alliaria petiolata Garlic mustard A
Cyperales Poaceae Agrostis stolonifera Creeping bentgrass ]
Microstegium vimineum | Japanese stiltgrass A
Dipsacales Caprifoliaceae Lonicera japonica Japanese honeysuckle P
Liliales Liliaceae Hemerocallis fulva Day lily P
Lilium superbum Turk’s cap lily P
Myrtales Lythraceae Lythrum salicaria Purple loosestrife R
Typhales Typhaceae Typha angustifolia Narrow-leaved cattail P
Urticales Cannabaceae Humulus japonicus Japanese hops P
WOODY PLANTS
Celastrales Celastraceae Celastrus orbiculatus Oriental bittersweet A
Dipsacales Caprifoliaceae Lonicera japonica Japanese honeysuckle | A
Rosales Rosaceae Rosa multiflora Multiflora rose A
Urticales Moraceae Morus alba White mulberry R
SUBMERGED AQUATIC VEGETATION
Halorgales Halorgaceae Myriophyllum spicatum Eurasian watermilfoil P
Hydrocharitales Hydrocharitaceae Hydrilla verticillata Hydrilla A
Najadales Najadaceae Najas minor Spiny naiad/brittle R
waternymph
Potamogetonaceae Potamogeton crispus Curly pondweed R
Key: A = Abundant; P = Present; R = Rare; U = Unknown

The underwater grass H. verticillata is one of the most predominant of all of the invasive species
that have been introduced into OPC. H. verticillata is native to Southeast Asia, first appearing in
Florida in the 1960’s and in the Potomac River near Washington D.C. in 1982 (MD-DNR 2010).
The first sample of H. verticillata was collected at the Reserve in 2001 and by 2002 it was the
second most abundant SAV species in this site (Engelhardt et al. 2006). The spread of H.
verticillata and other invasive SAV species have been monitored since 2008 among five sites
within OPC through sampling efforts that are conducted every field season. Information and
preliminary results about this effort is presented in section 2.4.1.1.

While the term invasive species generally has a negative connotation, research has determined
that H. verticillata may have some positive influences. In the Potomac River, H. verticillata has
assisted in slowing water velocity, stabilizing sediment, providing food for waterfowl, and
increasing the removal of particulates thus clarifying turbid water. The improved water quality
of the Potomac River facilitated the spread of natives; H. verticillata and native species biomass
values were positively correlated (Rybicki and Landwehr 2007). Similar effects have been
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observed at OPC where H. verticillata improves water quality during the growing season which
may then promote the gradual re-establishment of native species.

P. australis, common reed, has increasingly become a threat to the OPC marshes. The invasive
P. australis strains originated from Europe and Asia; however, there are P. australis strains
native to the U.S. The invasive strain has been speculated to have invaded the U.S. during the
late 1700s via the shipping industry (Thompson 2003). Furthermore, one of the main uses in
Europe was for thatching roves and it was brought to the U.S. for the same purpose (Webster
2009, personal communication). Aerial surveys conducted by the United States Fish and
Wildlife Service Chesapeake Bay Field Office (USFWS CBFO) within the Chesapeake Bay
watershed from 1995 to 1997 depict the intensity of the P. australis invasion; it was determined
to be very prominent among most of the Chesapeake Bay marshes (Thompson 2003). The
largest extent of P. australis in natural marshes occurred on the lower Eastern Shore from the
Nanticoke River south to the Pocomoke River, the Eastern Bay and Chester River area,
Baltimore Harbor, C&D Canal, and Aberdeen Proving Grounds (Thompson 2003; Figure 2.5.9).

Research conducted within the Chesapeake Bay has shown that P. australis is more abundant
and produces the greatest amount of viable seed in subestuaries characterized by larger
anthropogenic development (King et al. 2007, Silliman and Bertness 2004). This is a major
concern in OPC, as this is a Reserve site surrounded by highly developed land, which might
accelerate the invasion of P. australis into the entire marsh area. In the Rhode River subestuary,
for example, the number of P. australis patches increased from 5 to more than 200 in about 35
years and many of these occur in undisturbed wetlands; the source of seeds for these new patches
has originated from older patches located in disturbed areas ((McCormick et al. 2010).
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Phragmites Presence in the Chesapeake Bay Watershed
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Figure 2.5.9 Presence of P. australis in the Chesapeake Bay watershed. Source: Thompson et al. (2003).

It is unknown when P. australis first appeared in OPC; however, according to an aerial
photograph taken in 1991 it comprised 0.4% of the entire 1.39 km? (0.54 mi%) OPC wetland
(Hilgartner 1995). In July of 2008, a collaborative effort between CBNERR-MD and The
National Aquarium in Baltimore mapped most of P. australis stands in the OPC marsh. The
survey estimated approximately 3,000 m? (0.7 acres) of P. australis within this component
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(Figure 2.5.10); although the actual number might be between 4,046-6,070 m? (1-1.5 acres) as
some patches remain to be mapped. P. australis is characterized as a problematic species
because it aggressively forms dense monocultures, decreases species diversity, provides little
food and shelter for wildlife, and is very hard to control (Thompson 2003). It is very difficult to
eradicate because it forms below ground roots and rhizomes. Mowing prior to seeding will
remove the above ground plant matter and control small stands, but mowing will not kill the
plant. Herbicide application is the most effective method for killing the plant; however, it is also
the most costly.

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

To date, there has been no removal of P. australis at OPC Reserve; however, it is currently being
monitored to determine if the stands are expanding. Like other invasive species, P. australis also
has some potential benefits for the ecosystem. The rhizomes and roots assist in soil stabilization
and accretion potentially combating sea level rise. The sediment trapping rate of P. australis is
34 g m? day™ while Spartina spp. traps 8 g m?day™ (Rooth 2000). P. australis has a high
tolerance for various environmental conditions and levels of disturbance; therefore, it is found in
areas where other plants can not survive. Lastly, P. australis cycles excess nutrients thus
enhancing water quality.

L. salicaria — purple loosestrife — is a notorious invasive species among the Jug Bay marshes, but

it is only a potential threat in OPC. L. salicaria is native to Europe first appearing in the United
States in the early 19" century. Seeds were transported within the ballast of ships and within the
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wool of European sheep. It is currently found in all of the lower 48 states, except for Florida. L.
salicaria is problematic because of its tendency to create dense monocultures, thus shading and
out competing native species (Kyde 2008). L. salicaria is actively monitored at the OPC
component by a group of volunteers called “The Invasinators;” and removal and control of L.
salicaria is one of their main objectives. In July 2008, “The Invasinators” set out to remove all
L. salicaria stands within the OPC marshes; however, the species was not found. In an effort to
avoid the introduction of this species, its presence will continually be monitored in OPC.

“The Invasinators” also focus on the removal of Rosa mulitflora (multiflora rose), Celastrus
orbiculatus (Oriental bittersweet), Lonicera japonica (Japanese honeysuckle), Morus alba (white
mulberry), Microstegium vimineum (Japanese stiltgrass), Humulus japonicus (Japanese hops),
and Alliaria petiolata (garlic mustard). The presence and potential expansion of invasive species
in OPC marshes are monitored through CBNERR-MD’s marsh emergent vegetation monitoring
projects. Currently, there is not an effort solely designed to monitor invasive species in the
Reserve, and it represents a need for future efforts. It is important to continue efforts to monitor
and map the spread of all the invasive species in order to determine their potential threat to the
OPC component’s ecosystem health.

2.6 RESEARCH AND MONITORING

Good progress has been made to continue and initiate new research and monitoring projects;
however, there is still much that needs to be done to better characterize and understand the natural
dynamics, status, and system responses to the changing environment of the OPC Reserve natural
communities.

Most existing and new research and monitoring efforts would be designed to accomplish the short
and long-term goals and objectives specified in the Reserve’s research and monitoring plan.
Because of the scale, this effort would entail the necessary coordination and collaboration with both
existing and new partners. An example of the need to maintain such partnerships is demonstrated
by the recent establishment of the Bush River Partnership, involving Reserve staff and local and
State partners, in an effort to address many of the issues currently affecting the Reserve, adjacent
watersheds, and the Bush River in general. As part of this partnership, a research and monitoring
workgroup is working to identify research needs and priorities as well as effective ways to fulfill
those needs. This effort started in 2007 and it is expected to grow as more partners are identified
and join the effort.-

In addition to working with partners, the Reserve Research Program will actively engage with
academic and other research institutions to foment their interest in conducting projects that will
address research needs within the Reserve. Volunteers have always played an important role in the
collection of field data, particularly as part of monitoring projects. This relationship would be
strengthened by providing more opportunities for training, direct involvement with the planning,
collection, and analysis of data, and delivery of information to appropriate audiences.

In an effort to increase available resources to conduct research within the Reserve and adjacent
watersheds, the Research program will pursue available grants in collaboration with partners. The
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NERRS Graduate Research Fellowship program will continue to provide additional opportunities to
address research needs within the Reserve.

2.6.1 Research Facilities

The major research facility located at the OPC Reserve functions in the Anita C. Leight Estuary
Center in Harford County’s Leight Park. This Center provides facilities that can be used by the
Reserve program to successfully implement its research and monitoring programs. Some of
these facilities and resources include office space (with available wireless connection),
laboratory space, storage area, and water access facilities, such as piers, docks, and ramps. A
boat and motor, canoes, and kayaks are also available to conduct research and monitoring
programs.

2.6.2 Research and Monitoring Needs

Current research and monitoring activities at OPC Reserve are focused on characterizing and
assessing the current ecological state of the natural resources in this component as well as
monitoring changes over time. The Reserve Research Program is implementing efforts to obtain
baseline information and long-term monitoring data of SAV and marsh emergent vegetation
communities. This type of monitoring, in addition to ongoing water quality monitoring, is
important to detect changes in the component’s natural resources due mainly to climate change,
development, and land use changes. In addition to this, a better understanding of the ecology
and interactions among the different plant and animal communities found in the Reserve is much
needed. A description of main research needs organized by biological component is presented in
the following sections.

2.6.2.1 Tidal freshwater marshes

Some research and monitoring is already occurring to characterize OPC tidal freshwater marshes
and their response to climate change, development, and land use. There are still, however, some
information gaps that need to be fulfilled. Some of these include the development of a sediment
mass balance including a grain size distribution and a hydrologic budget with both surface and
ground water components. One component of the sediment budget will probably include the
activities of bioturbing organisms, such as carp. Related to sediment dynamics, it is important to
determine marsh surface elevation change within different plant communities and hydrological
regimes to better understand their response to climate change, particularly sea level rise. More
studies to assess the presence and concentration of heavy metals and toxic elements in marsh
sediments are also necessary.

The creation of a nutrient budget that accounts for inputs and outputs from the watershed (as a result
of different land uses) and within the system is of great importance to better understand marsh
functioning and its relationship with water quality. This information is also valuable to populate
nutrient loading models used to generate projections of the impacts of environmental changes and
watershed land use changes in water quality.
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In addition to ongoing monitoring efforts, more research is necessary to study the population
dynamics of the submerged aquatic vegetation communities at OPC, particularly regarding their
role in sediment retention (e.g. H. verticillata), nutrient cycling, water quality, nursery habitat, food
source, etc. Studies of seed banks, and flooding and salinity tolerances of OPC emergent wetlands
are also needed to better understand their potential responses and resilience to environmental
changes, particularly those related to increased flooding and salinity intrusion linked to sea level
rise.

At a broader scale, the development of GIS projects, particularly habitat mapping and change
analyses, will be vital for determining the impact of development and land use changes on OPC
Reserve aquatic and upland resources.

2.6.2.2 Upland vegetation community

Information available on the OPC upland vegetation community is limited. Basic species listings
are not complete and there is a need for a basic understanding of their function particularly under
projected environmental and climatic changes, for example regarding carbon sequestration,
primary productivity, nutrient cycling, natural regeneration, etc.

The geographic location of the OPC component on the northern edge of the Southern Forest Region
and the southern edge of the Eastern Deciduous Forest Region leaves the site open to biological
invasions from either region. The main impacts of invasive species in these communities and the
severity of their presence is not well known, despite its importance if any attempt to control them
is to be implemented. In order to manage for species diversity and to preserve the characteristic
biota of the OPC component it will be necessary to monitor the vegetation periodically to detect
impacts of introduced species.

Besides some general observations on the sites’s vernal pool, there have not been concrete
studies conducted on this community. Some needed information include a characterization of
the vernal pool’s physical and biological parameters, hydrological cycle, and its role as habitat
and reproductive site for various organisms. Considering the sensitivity of vernal pools to
climatic changes, it is important to develop a long-term monitoring plan that would allow the
detection of changes.

2.6.2.3 Microbiological components

Any research and/or monitoring effort to study the microbial communities within OPC,
particularly with respect to its wetlands, would be a new addition to the almost lack of existing
information on these communities. Current water quality monitoring efforts conducted by the
Reserve do not include the sampling of fecal coliforms. Considering the health issues associated
with their presence, it will be an important component to add to the suite of parameters currently
being analyzed.
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2.6.2.4 Plankton

Although considerable information is available about the plankton communities of different
areas of the Chesapeake Bay, not much is known about the particular communities within the
OPC component. Basic studies are needed to determine the species composition, abundance,
biomass, and productivity of the phytoplankton and zooplankton communities in this area.
Further research is also needed to determine the interrelationships between Reserve plankton
components and water quality, physical and chemical environmental factors, and the local food
web.

Long-term monitoring is needed to determine the spatial and temporal trends in species
composition and abundance, shifts due to invasive species, and to evaluate the plankton
community’s responses to potential climate and land use changes. Monitoring of potentially
harmful phytoplankton species is particularly important.

2.6.2.5 Benthic macroinvertebrates

The benthic community at the OPC component has not been the focus of much research. A first
priority is to conduct a comprehensive baseline characterization of this community including
species composition and abundance in different substrates and locations within the estuary
(including ponds and flooded forest areas). Aquatic insects and benthic invertebrates constitute
food supply for wood ducks and there is limited knowledge of what is there or their relative
abundances.

Establishing a long-term monitoring effort in both the marsh and the open water regions is
important to determine natural spatial and temporal population changes and to evaluate the
potential responses to anthropogenic and natural stressors. Of major importance in this area are
the potential impacts from increased development, particularly those that may result after the full
implementation of the Base Realignment and Closure (BRAC) plan in Harford County.
Monitoring is also valuable to detect the presence of invasive species and community shifts as a
response to climate change.

2.6.2.6 Fish, reptiles, and amphibians

The marshes of OPC provide important habitat for many different species of fish, including some
of economic importance for the region such as white and yellow perch. In spite of the
information that has been gained through ongoing volunteer-driven fish monitoring efforts in
OPC, there is still a need to better characterize the fish populations in this estuary. A
comprehensive initial survey of species presence and relative abundance among different
habitats and conditions would provide valuable baseline information for comparative or change
analyses studies.

An ongoing monitoring effort using telemetry to study turtles at OPC have provided some

information about this organism including habitat use and range; additional research should
include the study of other reptiles and amphibians (including snakes, salamanders, and frogs and
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toads) found at different OPC habitats, including the vernal pool. Projects may include the study
of population dynamics, habitat use, feeding habits, etc.

2.6.2.7 Birds and mammals

Studies of specific bird and mammal species occurring at OPC Reserve do not exist or are very
limited. Therefore, any studies would add to the natural history of this site. How different
species of water birds make use of the wetlands throughout the year, which are the feeding
sources and habits of different water birds, which is the population size and reproductive success
of Pandion haliaetus (osprey) nesting at OPC are some questions that could be answered with
basic research projects.

Little is known about the beaver population at OPC. Learning more about this group, its
population density, feeding habits, and habitat use, is important as they seem to play an
important role in the local wetland hydrology.

2.6.2.8 Other research and monitoring needs

Current trends in surface and ground water withdrawals throughout Harford County show
accelerated increases. These will have to be monitored to provide early warning of potential biotic
changes and the resiliency of the ecosystem to the occurrence of drought, particularly under current
climate change trends. Excessive water withdrawals have the potential for lowering the surface of
the unconfined aquifer. Surface water table changes of a few inches to a few feet can, if they
persist, eliminate some species and encourage the establishment of others. Changes in the insect
and vertebrate populations inevitably follow changes in vegetation. Thus the whole character of the
wetland can be altered unless careful monitoring of water levels leads to management actions to
preserve necessary flows.

Additional research and monitoring needs identified for each of the Reserve components are listed
in Appendix J of the CBNERR-MD management plan (Maryland DNR 2008).
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CHAPTER 3. THE ECOLOGY OF THE JUG BAY ESTUARY
3.1 OVERVIEW

Jug Bay was designated as a component of the National Estuarine Research Reserve in Maryland
(CBNERR-MD or Reserve) in July, 1990. It is one of three components of the Reserve (Figure
3.1.1). It encompasses 837 hectares (2,068 acres) of wetlands, open water, and terrestrial habitat.
The site is at Latitude 38° 76” North and Longitude 76° 69’ West. It is comprised largely of tidal
freshwater wetlands in the Patuxent River floodplain located to the south and east of
Washington, D.C. Several streams including Two-run Branch, Galloway Creek, and Pindell
Branch run through the component into the Patuxent from the eastern bank. Mattaponi Creek
and the Western Branch of the Patuxent empty into the river from the western shore (Figure
3.1.2). This system of waterways provides important functions such as sediment capture,
nutrient cycling, shore stabilization, water purification, and flood control. The Patuxent River
itself is an oligohaline system dominated by freshwater inputs. The salinity at Jug Bay is very
low (usally under 0.5 ppt).
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Figure 3.1.1 Geographic location and boundaries of the Jug Bay component of the Chesapeake Bay
National Estuarine Research Reserve in Maryland.

An important component of the Jug Bay system is the tidal freshwater wetlands. Approximately
251 acres (102 hectares) of the park are subtidal and open water. Other habitats present at the
component include mudflats, low marsh, middle and high marsh, scrub-shrub, forested wetlands,
forested uplands, and fields. The wetlands are ecologically important as critical habitat for
wildlife, fish, and plants, and serve as a transition zone between the tidal brackish marshes
downstream and the non-tidal freshwater marshes upstream. Jug Bay is among the largest tidal
freshwater systems in the eastern United States (Boumans et al. 2003). Tidal freshwater marsh
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systems are considered globally important because they contain rare habitat. Owing to the varied
habitats, a high diversity of organisms is found at Jug Bay including submerged and emergent
aquatic vegetation, upland plants, aquatic invertebrates, fish, mammals, birds, reptiles and
amphibians.

The component is approximately 43 river-miles from the Chesapeake Bay and 20 miles east-
southeast of Washington, D.C. There is low topographic relief at the site and the freshwater
streams (Figure 3.1.2) that feed into the component meander through farmland, forest, suburban
and urban areas slowly making their way to the Patuxent River. Water quality at the site is
driven in part by the vast tidal freshwater marshes that have the capacity to help reduce nutrients
and aid in biological processing at the site. Additionally, water quality is influenced by the rapid
movement of water and tidal flux associated with the main stem of the Patuxent River.
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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.

Threats to the Jug Bay component include population growth and land use changes within the
Patuxent River watershed. Additional development in the vicinity of Jug Bay could have
significant impacts on the ecosystem. The Patuxent River has been characterized as moderately
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eutrophic due to large inputs of anthropogenic sources of nitrogen and phosphorus from
wastewater treatment plants, agricultural fertilizers, urban/suburban runoff, residential leach
fields and atmospheric deposition. The water quality in Jug Bay is heavily influenced by the
Western Branch wastewater treatment plant in Upper Marlboro that discharges about 20,000,000
gallons of treated effluent per day into Western Branch, a tidal tributary of the Patuxent River
with confluence directly into the Jug Bay component. The addition of hardened shorelines
upstream of Jug Bay has changed the hydrology compared to historic conditions. Invasive plant
and animal species, such as resident Canada geese and Asian carp, are constant threats to the
natural communities.

There are two key partners for the Jug Bay component: the Jug Bay Wetlands Sanctuary (Anne
Arundel County Department of Recreation and Parks), and Patuxent River Park (Maryland-
National Capital Park and Planning Commission, Department of Parks and Recreation). Jug Bay
Wetlands Sanctuary is located on the eastern side of the river and Patuxent River Park is located
on the western side.

3.2 HISTORICAL LAND USE AND CULTURAL RESOURCES

The information provided in this section, unless otherwise indicated, has been summarized from
various web information sources, which are listed in the reference section of this site profile.

The Jug Bay component of the Reserve is a freshwater tidal marsh located in the middle waters
of the Patuxent River bordered by Anne Arundel and Prince George’s Counties. In addition to
its richness in plant and animal diversity, Jug Bay holds many historical and cultural sites as
well. A rich history has been buried in the soft organic sediments of the Patuxent River, and if
uncovered one would find ancient Native American villages, water routes of European exploers,
lost towns, shipwrecks, remnants of a golden crop, a hidden highway of commerce, and a lost
path to freedom.

The origin of the name “Jug Bay,” is an unsolved mystery. One popular theory among locals is
that it came from a piece of Native American pottery, a remnant of a water jug, found along the
river’s edge. Not only have pottery pieces washed up on the banks of the Patuxent, but
arrowheads, oyster and clam middens, and other archaeological evidence suggest that Native
Americans were present from the Archaic Period (8000-1000 BCE) through the Woodland
Period (1000 BCE-1600 CE). The English explorer, Captain John Smith, encountered 17
villages of Algonquian speaking Indians on a voyage in 1608. Of these 17, the tribes common to
the Jug Bay area were the Acquintanack, the Mattapanient, the Assacomoco, and the River’s
namesake, as well as the most powerful, the Pawtuxent (Algonquian for “rapids.”). These tribes
were part of a confederation called the Piscataway Indian Nation. Recently, in 20009,
archeologists at Jug Bay have uncovered the oldest Native American structures found in
Maryland — wigwams that could date as far back as 500 CE.

During the Archaic period, the Piscataway were semi-nomadic and lived a life of hunting and

gathering. As the climate warmed and glaciers retreated, the Chesapeake Bay was formed. With
the Bay, came a new way of life, a life that revolved around the natural resources that the Bay
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offered. Settlement camps developed along the river. Wigwams were the earliest of shelters,
used on a temporary basis during the warmer seasons. During the Woodland Period, however,
the Piscataway became more sedentary and changed their temporary habitats to permanent
villages made up of “Long Houses.” A long house was built by using young tree saplings and
bending them into arches. The arches were then bound together and covered with woven marsh
grass in the summer and furs in the winter. The long houses were located near the river, out of
view from an enemy, yet close enough for the Indians to easily harvest the endless supply of fish
and shellfish. The river was well stocked at this time, and the Piscataway took advantage of this
bounty. Evidence of this can be seen in areas south of Jug Bay, where large oyster shell middens
can be found. One midden measures 2000 feet long by 700 feet wide, and dates from 500 A.D.
to 1400 A.D.

Not only did the waters of the Patuxent helped sustain these tribes, but the fertile and rich soil
surrounding the river gave life to them as well. The Piscataway were farmers, and planted a
variety of crops such as beans, corn, squash, tobacco, and sunflowers. They developed a method
to clear the land for planting by burning and slashing. The cedar trees that were cut were used
for their dugout canoes. The ability to make pattery enabled these tribes to store their seeds for
planting, thus allowing them to expand their food supply. When the fishing season had passed,
the Piscataway hunted ducks, geese, rabbits, black bear, and deer. In the winter, they would
leave their summer camps and travel upriver to make tools and trap beaver. When they would
come back in the summer, they would often move their settlements. Over time, the cleared fields
became depleted of nutrients, and as a result the Indians would move, build new homes, and
clear new fields.

Jug Bay and the Patuxent River provided the Piscataway with rich treasures. From the water’s
depths it gave them an endless supply of food and rich soil, as well as providing them with a path
for transportation, trade, and communication. The Piscataway Nation continued to establish
homes along the Patuxent and lived peacefully until the 1600s, when Europeans arrived on their
quiet shores. The first of these European explorers was a Spaniard, Vicente Gonzalez, who
arrived in June 1588. It is believed that he, along with a small Spanish expedition, anchored for
the night at the mouth of the Patuxent. Not much is known of this first expedition and it is often
overshadowed by the famous Englishman, Captain John Smith, and his recorded exploration of
the Chesapeake Bay and its tributaries. It was in 1608, during Smith’s second voyage, when he
sailed up the Patuxent, and created a detailed map of the Bay while documenting a thorough
description of the Native American tribes he encountered along the way. When describing the
Patuxent, Smith says: “The fifth river is called Patuxent, of a less proportion than the rest but the
channel is 16 fathoms deep in some places. Here are infinite skulls (schools) of diverse kinds of
fish more than elsewhere."

By 1634, a flood of European settlers in pursuit of religious freedom swept along the east coast
following in the footsteps of Smith. Some came as freeman, others as indentured servants.
Those who landed at St. Clements Island established the first Maryland settlement, and its first
capital, St. Mary’s City. Lord Baltimore, the English title given to George Calvert, was among
this historic group of settlers. George Calvert was the first proprietor of the Province of
Maryland, and his oldest son, Cecil, inherited the colony and the title after George passed away
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five weeks before the colony’s new charter was sealed. George Calvert’s second oldest son,
Leonard, became the first colonial governor of Maryland.

In 1658, Philip, another one of George Calvert’s sons, constructed a frontier outpost against
Indian attacks. The outpost was located over an existing Pawtuxent settlement on a high bluff.
The views were breathtaking and it was strategically located at the meeting of the Western
Branch and the Patuxent River. At first the outpost was called Charles Town; however, in 1683
it became established as Mt. Calvert. By 1696, the heart of Jug Bay now had become the heart
of the county. Mt. Calvert became the county seat for Prince George’s County and by 1710, a
jail, tavern, courthouse, and church had been built. At this time, the river was deep and ships
frequented the river bringing goods from Europe. A riverside wharf was built to accommodate
the visiting ships.

In 1721, the county seat was moved to Upper Marlboro and Mount Calvert was sold to a private
buyer. Charles Town was no longer the frontier as colonists continued to spread along the
Patuxent, bring with them invention and industry. At first it seemed that the profitable thing for
the colonists to do would be to set up a thriving fur trade with the abundance of animal furs and
beaver pelts. However, tobacco was in far greater demand in England. With the help from the
Piscataway’s horticultural experiences and the fertile rich soils of the river, the colonists turned
their attention toward tobacco. By the mid 1630s, the farms along the Patuxent were England’s
most reliable suppliers of the high priced tobacco. The colonists became economically
dependent on tobacco; in fact, anything bought or sold in the colony was priced in pounds of
tobacco and until the 18" century, it was Maryland’s number one cash crop.

Due to the value of tobacco farms were on the rise, and the cleared Indian lands were in high
demand. European settlers slowly pushed the Native American from thier land and Piscataway
began to slowly disappear. By 1672, most of the Native Americans of the Patuxent area were
forced onto 700 acres of land set aside for them by Lord Baltimore, and by 1692, the last of the
tribes left the reservation and joined other tribes near the Potomac River.

As Piscataway lands were plowed away, new colonial towns moved in. The once lush forests
spotting the river bank, now gave way to rolling plantations. Thousands of acres of forests were
stripped and wealthy colonists received 50 acres of land for each indentured servant they brought
with them from England. Brick plantation mansions that now stood watch over the river, where
native long house once stood. African American slaves where brought as a labor force. By
1700, the slave population around the Patuxent River represented 40% of the total population
and was half of the areas workforce.

With the successful cultivation of tobacco, came the need to establish ports and towns in order to
control the up and coming export and trade. In 1668, 1669, and 1671, through a series of
declarations, Governor Charles Calvert, the son of Cecilius Calvert and Anne Arundel, created
the first ports in the Maryland colony. Beginning in 1683 they passed a series of acts for the
Advancement of Trade.

The Patuxent River became as valuable as the tobacco itself. From dugout canoes, to sailing
vessels, the Piscataway and the settlers both realized the value of the river, not only for food and
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agriculture, but for commerce. For this reason, many plantations, like the Native American
villages before them, were strategically located along the river. The colonists developed an easy
method to pack, load, and ship the tobacco. First they packed the tobacco in large barrels called
“hogsheads,” which were then were rolled down to the river shore. From here they were loaded
onto boats that would then transport them to larger ships anchored off shore. An effeicent
system sent tobacco sailing down the river, through the Chesapeake, and enroute to trade with
Europe and England. The tobacco industry dominated the Patuxent's economy for the next two
centuries, with over sixty percent of Maryland's tobacco coming from the Patuxent valley by the
late 1700s. The river was a path of good fortune for the colonists, but by 1775 this would all
change as the Patuxent and America became embroiled in war.

The change occurred when England began to place embargos on colonial trade to Europe and the
West Indies. In a political move, they also decided to support Native American’s resistance to
the colonial expansion. By 1775, colonial ties to the mother country had eroded; revolutionary
sentiment began to spread like a wildfire, and it became clear that war was unavoidable.
However, it was “The Second Revolutionary War,” the War of 1812, which was significant to
Jug Bay and the Patuxent River.

It was during the War of 1812 that a Royal Navy invasion force, under the command of Admiral
Sir George Cockburn, successfully set up a blockade in the Chesapeake Bay. The deep draft
British man-of-wars had difficulity in the shallow tributaries of the Chesapeake Bay. The
Britisth were successful with their small, agile raiding parties which could enter the rivers with
ease. In August 1813, an American, Commodore Joshua Barney, was determined to drive the
British from the Bay. He successfully convinced the Secretary of the Navy, William Jones, to
build a heavily-armed, shallow-draft fleet of row galleys (or barges) that could out-maneuver the
British in the shallow waters. This fleet known as the “Chesapeake Flotilla” set sail on May 24,
1814 and was comprised of 26 ships, two borrowed gunboats, the sloop Scorpian, and 23 barges.
A week later, he enguaged the British at the mouth of the Patuxent, but was forced to retreat up
river. Barney and his men remained in the river for three months. By August the Brittish bagan
to push upriver and Commodore Barney and his Chesapeake Bay Flotilla became trapped in the
Jug Bay area. Barney was heavily outnumbered and decided to scuttle sixteen of his own ships,
along with sixteen merchant vessels, in order to prevent the British advance. Not only did the
blockade work, but it also prevented the American ships from being captured. Barney and his
men would continue to fight in the Battle of Bladensburg and the Battle of Baltimore.

The Steamboat Era on the Patuxent began in 1817, when George Weems piloted his steamboat
Surprise down the Chesapeake Bay for the first time. The Weems Steamboat line ran for close
to ninety years until 1905, helping to sustain the tobacco industry as well as creating the new
booming industry of passenger transport. Travel between the Patuxent and Baltimore brought
vacationers. Resorts along the river were built, along with restaurants and hotels. In fact, from
1914 to 1939, there was even a floating theater that visited various Patuxent wharves. Roads and
railroads did eventually come, and their arrival hastened the demise of the steamboats and
consequently, the river towns.

The Chesapeake Beach Railroad was built in 1896 with over 27 miles of track laid down from
Washington D.C. to the resort town of Chesapeake Beach. It was in operation from December 5,
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1898 until April 15, 1935. Because the Patuxent River was navigable north of the railroad bed, a
swing bridge was built over the river to accomidate steamboat traffic. By June 1935, the railroad
was abandoned, and like the steamboat it lives on in stories that the river tells. Today hikers and
scientists walk along the old railroad bed where it crosses the wetlands.

In the early 1900s, rail hunting became popular and drew many people into the Jug Bay area. It
was a challenging activity, one that required a small skiff (called a rail boat), an experienced
pusher, a fourteen foot long pole, and a skilled hunter. While rail hunting is still allowed today
very few hunters pursue these game birds.

In 1929, the Great Depression hit farmers across the nation hard and Maryland was no exception.
Boat builders and watermen continued to earn a good living and by the 1930s, the Civilian
Conservation Corp and the New Deal helped to connect the area with other cities and town by
the building of new roads and bridges.

World War 1l helped pull the country out of the Depression by creating more jobs and thus a
more stable economy. The Patuxent River area joined in the fight in various ways. In the lower
reaches of the river a shipyard was built for the production of transport boats. Also, the Navy
built an amphibious base for the training of the D-Day invasion at Normandy. Beach landings
were practiced on the sands of Calvert Cliffs. Across the Patuxent in St. Mary’s County, the
Navy purchased a farm at Cedar Point, at the mouth of the Patuxent River, and built the Patuxent
River Naval Air Station (PAX NAS) for the purpose of consolidating the entire nation’s air
testing facilities. In fact, the Navy had tested the first U.S all jet powered plane at PAX NAS. In
1943, at the Air Base’s commissioning ceremony, the Chief of the Navy’s Bureau of Aeronautics
called PAX NAS “the most needed station in the Navy.”

From the Patuxent River’s beginnings until now, there is common thread that ties all of its
history and culture together. That common thread is the beauty and the bounty of its waters.
From the miles of tranquil shoreline, to the dramatic high bluffs; from the variety of fish and
animals to the variety of wetland plants and forest, the Patuxent River has attracted various
cultures, and various ways of life, and all of them have enjoyed and used the resources offered
by the river. Centuries of use, however, can become tragic as resources are abused, and over
time the bounty will run out and the beauty will fade. Research and monitoring, education and
outreach are important tools to creat awareness about the importance of these natural resources
and the need to preserve them.

3.2.1 Archaeological Resources

During the past 30 years, archaeologists have been uncovering the riches of the archaeological
history of the Patuxent River, particularly Jug Bay. This area holds the oldest human structures
and artifacts found in Maryland including an 800-year old Native American dwelling called a
wigwam (Roylance 2010) and 10,000 year old spear points (Furgurson 2009). Much of what is
known about the Piscataway people that lived in this area at the time is from the artifacts such as
pottery, tools, and ornaments that have been discovered in and around Jug Bay (Friebele et al.
2001). This all started when archaeologists and volunteers from the County's Lost Towns
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Project dug a series of test pits on the bluff above Jug Bay in order to determine if there was any
evidence of prehistoric settlement on the site.

As a result of these initial test digs, archaeologists found pottery sherds and arrow heads, which
led to more digging within the area (Furgurson, 2009). Since then, many archeologically-
important pieces have been found, some of which are so unusual that archeololgists do yet
understand how they relate to other local collections. Archaeologists suggest that Jug Bay was a
center for trade (Roylance, 2010). Also, the finding of piles of clam shells (including a
freshwater clam now extinct in the local area) has led scientists and archaeologists to conclude
that Jug Bay might have attracted people from other areas because of its vast water resources
(Furgurson, 2009).

In addition to traditional archaeology, there are other methods of archaeology that archeologists
use to interpret the past. Two methods that are being used in Jug Bay include the analysis of
sediment cores and marine archaeology. For example, by analyzing a sediment core from the
Patuxent River scientists determined a rapid accumulation of sediments that suggests a massive
land clearing for agriculture between 1760 and 1860. As the land was cleared, erosion occurred
at a more rapid rate and increased sedimentation of the rivers below the clearing (Friebele et al.
2001).

Underwater archaeology is particularly interesting and informative at Jug Bay. The Patuxent
River and Jug Bay played a part in the war of 1812 where Joshua Barney led his crew in a
confrontation of the British to try and stop their raids on the Chesapeake Bay (Lutz 2010).
Barneys “Flotilla” was sunk near Wayson’s Corner and parts of it used to be visible out of the
water at low tide (Shomette 2009). Although no longer visible, research and excavation of the
vessel that started in June of 1980 has revealed many artifacts such as medical instruments, a
musket flint, water jugs, household items, etc.; all preserved intact because of the oxygen free
conditions from being submerged (Friebele et al. 2001). This excavation has led to insights of
what life was like on a 19™ navel gunboat. Scientists were able to clearly see the architecture of
the ship and were able to make conclusions about daily life aboard, including how seamen
entered and exited the ship’s holds (Friebele et al. 2001). While looking through all of the
sunken remains, archaeologists and scientists believe they may have found Barney’s flagship of
the flotilla, the Scorpion (Lutz 2010). From 2010-2012 archaeologists with the State Highway
Administration, in partnership with the U.S. Navy and the Maryland Historical Trust, will be
conducting excavations just above Jug Bay to excavate and examine the wreck of this ship.

3.3ENVIRONMENTAL SETTING
3.3.1 Geologic History

The Patuxent River is the largest river that lies completely within the state of Maryland. It drains
roughly 900 square miles of land lying in portions of Howard, Anne Arundel, Montgomery,
Prince George’s, Calvert, Charles and St. Mary’s counties (Tributaries Strategies Patuxent River
Commission 2003). Jug Bay lies in the middle portion of the Patuxent River in the tidal
freshwater zone within the western shore uplands region on the Coastal Plain (Figure 3.3.1). The
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Coastal Plain is underlain by sediments dipping southeastwardly, which consist of sand, gravel,
silt and clay and range in age from the Triassic to the Quaternary.

Physiographic Provinces of Maryland and Delaware

B Appalachian Plateal
B Yalley and Ridge

B Elue Ridge

O Fiedmont

O Zoastal Flain

— County Boundary

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).

Today’s Chesapeake region drainage was formed during the most recent glacial event, the
Wisconsin glaciation, during the Holocene epoch. The ice sheet retreated northward about
10,000 to 8,000 years ago and the glacial melt waters began to flood the Susquehanna River
Valley and other ancestral Chesapeake Bay rivers. Between 5,000 and 3,000 years ago, rivers of
the region began to turn into tidal estuaries which slowly formed the modern day Chesapeake
Bay. Aquifers formed underneath the Coastal Plain due to rainwater and melted glacial waters
trickling through the marine sediments, including sand, silt, gravel and clay (Grumet 2000).

The Atlantic Coastal Plain on the western shore of Maryland is composed of various layers of
sediments from roughly 145.5 million years ago to present day (U.S. Geological Survey 2008).
Below is a table (Table 3.3.1) briefly describing the geologic history, including a timeline and
geologic events and the lithology of Atlantic Coastal Plain in Maryland (U.S.G.S 2010).
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Table 3.3.1 Geologic history and lithology of the Atlantic coastal plain in Maryland. Source: U.S.
Geological Survey (2010).

Period Epoch Geologic event Lithology
Magothy formation Sand; clay or mud; gravel
Matawan formation Sand; silt
Cretaceous Monmouth formation Sand; gravel
145.5t0 65.5
- Potomac group
million years ago
(Raritan and Patapsco Gravel; sand; silt/clay or mud
formations, Arundel clay,
and Patuxent formation)
Paleocene Pumunkey group
illi Sand
65.5 to 58.8 million (Aquia formation)
years ago
Eocene Pumunkey group
. 58.8 to 33.9 million . . Sand; clay or mud
Tertiary years ago (Nanjemoy formation)
65.5 to 1.8 million Chesapeake arou
years ago P group Sand; clay or mud; sandstone
(Calvert formation)
Miocene Chesepeake group
23.0 to 5.3 million (Choptank formation) Sand; silt; sandstone/coquina
years ago
Chesepeake group
. Clay or mud; sand
(St. Mary's formation)
Upland deposits i .
(Eastern shore) Gravel; sand; silt/clay or mud
Quaternary Upland deposits Gravel; sand; silt/clay or mud

1.8 million years
ago to present

(Western shore)

Quaternary deposits
undivided

Sand; gravel;

silt/clay or mud/dune sand/beach sand

Lowland deposits

Gravel; sand; silt/clay or mud

The predominant sediments surrounding Jug Bay are lowland deposits from the Quaternary
period (Figure 3.3.2; darker yellow). The sediments just outside of the darker yellow are the
Calvert formation from the Chesapeake group and the Nanjemoy formation from the Pumunkey

group from the Tertiary period. Others surrounding the Jug Bay area include upland deposits

(Western shore), the Monmouth formation, and sediments from the Potomac group.
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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).

3.3.2 Climate and Weather

The Jug Bay component is located within the humid subtropical climate zone, which is
characterized by hot, humid summers and cool, mild winters (Ritter 2006, Encyclopedia
Britannica Online 2010). Precipitation is typically evenly distributed throughout the year for this
climate type (Ritter 2006).

Weather information presented in the following sections is based on data collected from weather
stations, located in Upper Marlboro (38°52'N / 76°47'W) and within the Jug Bay component (38°
46'50.52 N, 76° 42' 29.16 W; Figure 3.3.3). The Upper Marlboro station has been operating
since 1956. Annual climatological summaries for this station were obtained through the NOAA
National Climatic Data Center (http://www.ncdc.noaa.gov/oa/ncdc.html). The station at Jug Bay
started operations in 2004. Data from this station are collected every 15 minutes and output as
fifteen-minute, hourly, and daily averages, maximums, and minimums. All available data
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collected through this station can 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 3.3.3 Location of the Upper Marlboro and Jug Bay weather stations.

3.3.2.1 Weather annual patterns

Relative humidity within the Jug Bay area is generally between 50.8 to 69.9% (Figure 3.3.4).
November data was not collected at the Jug Bay meteorological station in 2004, therefore after
omitting November, the relative humidity ranges between 62.2 to 69.9%. July through October
has the highest average relative humidity ranging from 68.2 to 69.9% (Figure 3.3.4).
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Figure 3.3.4 Monthly percent relative humidity averages for the period 2004-2009. Data source: Jug Bay
weather station. November data (*) is for the period 2005-20009.

The average annual air temperature is roughly 12.6 °C (54.7 °F). The monthly average
temperature ranged between 0.3 °C (32.6 °F) in January to 24.3°C (75.8 °F) in July. The annual
precipitation can be quite variable but is usually fairly evenly distributed throughout the year
(Figure 3.3.5). The monthly average precipitation ranges between 6.9 cm (2.72 in) to 10.5 cm
(4.13in). The average monthly precipitation is 9.1 cm (3.57 in) and the total annual average
precipitation is 108.8 cm (42.82 in).

The precipitation pattern shows slightly lower precipitation during the colder months of the year
(November-April) and higher precipitation during the warmer months (May-September; Figure
3.3.5). Thunderstorms often occur during the spring and summer, whereas during the winter
there is occasional snowfall, which is much more common in the western mountain regions of
Maryland.
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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).

Year-to-year weather patterns

The average annual air temperature from 1956 to 2009 was roughly 54.6 °F (12.5 °C).
Temperatures range from 52.8 to 57.8 °F (11.6 to 14.3 °C). The year-to-year average air
temperature is variable; however, there seems to be an overall increasing trend in temperature
(Figure 3.3.6).
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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).
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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).
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3.3.3 Estuarine Geomorphology, Soils, and Sedimentary Processes

Tidal freshwater wetlands are areas of hydrophytic vegetation with underlying sedimentary
deposits in an intertidal zone. They occur upstream of more saline tidal waters and downstream
of nontidal areas. The physical structure is a result of the interaction of regional topography and
the geology of the area, combined with sedimentary processes that result from both natural and
anthropomorphic processes. Jug Bay is situated on the coastal plain of Maryland, adjacent to the
fall line where low topographic relief and large volumes of water flowing into the system create
expansive areas where the soils remain inundated for periods of time ranging from a few hours
per day to several months of the year, depending on their position within the system.

The natural erosion of sediments from upstream sources is a process of breaking down parent
rock material and transporting it downstream. The characteristics of the rock and the habitat
through which the eroded rock must travel influence the sediment that reaches a downstream
sink. Jug Bay is in the Lower Patuxent Valley Area, part of the Coastal Plain Province. As part
of the coastal plain, the underlying substrate is made up of sediments transported from upland
areas. According to the Maryland Geological Survey’s Geologic Map of Maryland (1968), Jug
Bay has underlying lowland deposits of gravel, sand, silt and clay. The texture of the substrate is
medium- to coarse-grained sand and gravel with cobbles and boulders. It commonly contains
reworked Eocene glauconite. The sediments are composed of varicolored silts and clays with
brown to dark gray lignitic silty clay. It contains estuarine to marine fossils in some areas and
the thickness is up to 150 feet (46 m). Most sediment that has been deposited in the last 8,000
years in the Chesapeake Bay remains unconsolidated, and those deposited in the last few
hundred years retain more than 50% water in pore spaces (Langland et al. 2003), creating a
substrate that is soft and prone to subsidence. Sediment also contains some volume of toxic
substances that can impair populations of living organisms.

The marsh is shaped by physical and biotic forces including the sediment load delivered to the
marsh, the hydrology of the river, shallow subsidence, deep subsidence and uplift, the vegetation
of the marsh, weather events, changes in sea level, and anthropomorphic changes upstream. An
increase in sediment load generally leads to marsh building in a tidal estuary (Khan and Brush
1994). Changes in river hydrology affect the volume of water entering the marsh, thereby
influencing the patterns of sediment deposition and vegetation. Accretion and subsidence are
opposing forces in marsh dynamics. Accretion is the accumulation of sediment contributing to
surface elevation increase. Shallow subsidence can be caused by compaction and/or
decomposition of organic matter in the soil. Deep subsidence and uplift are geologic processes
of crustal sinking and rising. Vegetation contributes to accretion in two ways: it slows the water,
to which allow sediment deposition and deters sediment resuspension (Lopez et al. 1998), and
through the growth and eventual decomposition of wetland plants which adds below-ground
biomass, organic matter and detritus to the system. Weather events such as hurricanes and large
rainstorms temporarily alter the hydrology and can move sediment deposits downstream, remove
marsh vegetation, and deposit new sediments. Rising sea level could potentially flood the
marshes, coverting this habitat to deep open water and unvegetated tidal flats. Taking into
consideration geologic subsidence and global warming, Larsen (1998) estimates the Chesapeake
Bay relative sea level rise at 2.7 to 4.5 mm (0.1 to 0.2 inches) yr. This would in increase of 27
to 45 cm (10.6 to 17.7 inches) of the next 100 years. Anthropomorphic disturbances also have
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the potential to change the hydrology of a river system. The interaction of all these forces
creates a dynamic environment subject to change over various time scales.

European settlement and land use caused significantly higher loads of suspended sediment to be
delivered to the tributaries of the Chesapeake Bay, including the Patuxent River, creating
changes in the landscape. Before the 17" century, there is evidence that Jug Bay was a deep
water habitat thickly populated with submerged aquatic vegetation (Pasternack and Brush 2001).
Khan and Brush (1994) found that the Jug Bay marsh formed in response to land clearance by
European colonist. During the 18" and 19" centuries, approximately 70-80% of the forest in the
Chesapeake Bay drainage basin was cleared for agriculture and timber production. Soil erosion
rates severely increased compared to pre-colonization levels, creating a large sediment load from
the uplands into the river tributaries of the Chesapeake Bay. The deposition of sediments
transformed the open water habitat into a marsh/wetland system. Sediments from the early
colonization period are still present in marsh and floodplain zones: Jug Bay has legacy sediments
dating back to the 17" century (Khan and Brush 1994). Erosion rates have not returned to pre-
colonization rates, probably due to urbanization and the remobilization of previously eroded
sediments (Langland et al. 2003). In some areas, marsh building continues to the present day,
with higher elevations of the marsh containing recently deposited sediments: using pollen and
seed analysis from sediment cores, Khan and Brush (1994) found that the high marsh formed
within the last 100 years, probably due to high sedimentation rates from agriculturally-derived
sediment runoff. They also found higher amounts of nutrients and pollutants in the high marsh
than in the low marsh.

The interactions between vegetation and sedimentary processes are complex. Sediment is
delivered from upstream sources into the intertidal area. As the current reverses during high tide,
suspended sediments are deposited. Lopez et al. (1998) found that the presence of stems of
submerged and emergent vegetation decreased the bottom current velocity contributing to
sedimentation by increasing particle capture and reducing particle resuspension. The submerged
plants help to capture the sediments, but the suspended sediment load creates turbid conditions
which inhibit submerged plant growth. In open water areas of the marsh, deposition builds the
underlying sediments, creating less optimal conditions for recruitment of submerged aquatic
vegetation. Once sufficient sediment has been accumulated, the subtidal areas can become
intertidal. Intertidal areas are quickly colonized by low marsh vegetation. Pasternack and Brush
(2001) found that plant cover in the intertidal areas positively impacts marsh building; the
emergent vegetation facilitates the capture of additional sediment.

Several studies have shown that vegetation type influences patterns of sediment deposition and
erosion. Pasternack and Brush (2001) studied the effect of different plant communities on
sedimentation rates and found that low marsh habitat dominated by Nuphar lutea (spatterdock)
was the most efficient at capturing sediment. A study conducted at Jug Bay support these
findings; communities of N. lutea showed higher sediment capture per plant projected area
(which takes into account leaf surface area, density and volume; Figure 3.3.8a) and also overall
higher rates of accretion than other parts of the marsh at higher elevations (Figure 3.3.8b). Not
considering sediment compaction or subsidence, it is predicted that the N. lutea zone overall is
likely to keep pace with sea level rise rates if sediment loads remain constant (Cummings and
Harris 2008).
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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 Nuphar lutea dominated community. Source: Cummings and
Harris (2008).

Rooth and Stevenson (2000) compared sedimentation and elevation change in marshes
containing native Spartina spp. grasses with marshes containing the invasive Phragmites
australis. The P. australis communities had both higher sediment deposition rates as well as
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higher rates of positive elevation change. In a related study, Rooth et al. (2003) found
significantly higher rates of sediment accretion in P. australis communities, as well as increases
in elevation, as compared to adjacent areas occupied by Typha spp. and Panicum virgatum. The
authors suggest that resource managers can use this information as they plan strategies for
combating sea level rise in critical habitats.

Pasternak and Brush (2001) and Darke et al. (2003) found that in addition to habitat type, the
time of the year affected sedimentation and erosion in freshwater tidal marshes. Most sediment
accretion occurs in spring and summer during the growing season when there is a high density of
plant stems. During the winter months, the stems of many low marsh plants (for example,
Nuphar lutea) senesce and decompose, creating mudflats that are devoid of vegetation and are
subject to erosion. Preliminary results of sedimentation studies at Jug Bay show a similar pattern
where greatest surface elevation change in the north and south Glebe marsh occurs during the
growing season (Figure 3.3.9; Delgado et al. 2011, unpublished data). The Glebe marsh was
bisected (into the north and south Glebe marshes) in 1895 by the construction of the railroad bed
(now abandoned), which has modified the hydrology and sedimentation dynamics in this marsh
over the intervening years.
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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).

This same study at the Jug Bay Glebe marsh has shown an average marsh surface elevation
change of 0.0 + 1.6 mm yr™ in north Glebe and 5.8 + 1.6 mm yr™ in south Glebe. These rates
indicate that while the south Glebe marsh is able to keep up with projected relative sea level rise
for the Chesapeake Bay (2.7 to 4.5 mm yr, Larsen 1998), the north Glebe marsh is not.

The study conducted by Delgado et al. (2011, unpublished data) showed that even though
sediment and organic matter accumulation was always positive at all sampling sites throughout
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the south and north Glebe marshes (26 + 7 mm yr™* and 23 + 8 mm yr™ average vertical accretion
for south and north Glebe marshes, respectively), this accumulation did not translate into actual
marsh elevation change. This could be the result of various processes including decomposition
of deposited organic matter, compaction, and/or subsidence. However, vertical accretion data
did show an overall significantly higher sediment accumulation within the low marsh zone
compared with the mid-high and scrub-shrub zones (44.9 £ 5.0 mm yr'vs. 17.1 + 5.0 mm yr*
and 11.2 + 5.0 mm yr™, respectively; Figure 3.3.10).
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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).

As the construction of the railroad bed has altered the hydrology and sedimentation dynamics
between the north and south Glebe marsh since its construction in 1895, other current
anthropomorphic disturbances continue to threaten the physical structure of the Jug Bay
wetlands. The drainage basin of the Patuxent contains urban and suburban areas that are
expanding, and the construction of additional impervious surfaces may further alter the
hydrology of the river and associated streams.

3.3.4 Hydrology

In terms of hydrology, the ecology of a tidal freshwater wetland (e.g., 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.

The hydrology of Jug Bay is mainly regulated by the Patuxent River estuary and its tributaries

which are locally linked to the input and exchange of freshwater and sediments to the system;
and by the Chesapeake Bay which brings the influence of the tides and the transport of salt water
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upstream. The occurrence of storms and the influence of winds on water levels are other
important factors which modify the hydrology of the Jug Bay wetlands system.

3.3.4.1. River discharge

The tidal freshwater system at Jug Bay is mainly characterized by the input and exchange of
freshwater, sediments, and nutrients from the Patuxent River and its network of streams and
creeks from adjacent watersheds. Two-run Branch, Galloway Creek, and Pindell Branch, which
drain the component on the east, and Mattaponi Creek, Black Walnut Creek, and the Western
Branch which drain the the western component are the major streams that flow into the Patuxent
River and the Jug Bay component (Figure 3.1.2).

As part of a summer project, a research intern with the Jug Bay Wetlands Sanctuary developed a
characterization study for some of the creeks located on the east bank of the Jug Bay component.
Results of this characterization are included in Table 3.3.2.

Table 3.3.2 Characterization of creeks found along the eastern bank of the CBNERR-MD Jug Bay
component. Source: Moshogianis (2009, unpublished data).

Stream Watershed Stream Length Discharge % Impervious
Size (ha) (km) (m®sec™) Surface*

Galloway 566 (1,396 ac) 2.1 2.4 22 (126 ha)
Creek

Two-run 356 (880 ac) 1.4 1.8 24 (82 ha)
Branch

Pindell 208 (509 ac) 0.9 0.9 10 (21 ha)
Branch

*Impervious surface = Residential, commercial buildings, and roads.

The United States Geological Survey (USGS) gauge stations located on the Patuxent River near
Bowie, Maryland and in Western Branch have been in operation since 1977 and 1985,
respectively. The station near Bowie is about 32 km (20 miles) north of Jug Bay, while the
Western Branch station is 4.8 km (3 miles) north of Jug Bay in Upper Marlboro, above the head
of tide on Western Branch.

Intra and interannual variability of the Patuxent River discharge is credited to the local
precipitation patterns as well as climatic events (Figure 3.3.11 and 3.3.12). The annual discharge
cycle shows high flow in spring associated with snowmelt and precipitation followed by low
flow during the summer and increase flow again in late fall and winter (Figure 3.3.11). The
larger discharge of the Patuxent River gauge seems to be correlated with its larger watershed
compared with its tributary Western Branch.
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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/).
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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/).

3.3.4.2. Tides

The Jug Bay tidal freshwater marsh system experiences two high tides and two low tides about
every 25 hours, with a tidal amplitude of about 2.5 feet (0.8 m). When the tide rises there is a net
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input of water and other materials into the wetland system, and when the tide falls, there is a net
export from the system. The flushing rate often responds to river discharge, particularly during
the spring season, but wind may also have an important influence bringing water in or out of the
marsh. Depending on marsh elevation and the position with respect to the river channels and
large marsh channels, Jug Bay Wetlands may experience daily or seasonal flooding by the tides.
Also, because the degree of flooding is related to the marsh elevation, a difference in frequency
and duration of flooding could be observed between low and high marsh zones.

3.3.4.3. Wind, Storms, and Hurricanes

Winds, storms, and hurricanes may also have an important temporary effect in the hydrology of
Jug Bay wetlands, particularly by rapidly changing the water levels in shallow areas. The
Patuxent River flows through a relatively narrow, flat floodplain in the Jug Bay region so the
water level is susceptible to increased water volume from storms and to high winds. Winds
blowing from the south (downriver) can push in estuarine waters upriver which can raise the
water levels far above a normal high tide. In contrast, winds from the north or northwest
(upriver) can blow the water out of Jug Bay causing bare mud to be exposed for many hours.

Hurricane Agnes in 1972 and Tropical Storm Isabel in 2003 are considered to be the most
destructive tropical storm events in the Chesapeake Bay region since 1933. Storm surges were
recorded above 8 feet (2.5 m) throughout coastal Maryland, Washington D.C., and Virginia
(NOAA National Hurricane Center). Every year, a variable number of storms pass through this
area and they play an important role in the estuarine ecosystem as they move water, sediments,
and other materials in and out of the tidal wetlands. The ultimate impact of these irregular and
unpredictable events to the Jug Bay system depends on their frequency and intensity, which may
increase as a result of predicted climate change.

3.3.4.4. Groundwater

Drinking water for many residents in the northern or upper Patuxent River watershed (for
example, Howard, Montgomery and Prince George’s counties) comes from dammed reservoirs
that were created in the upper regions of the Patuxent River. Municipal or private wells drawing
on groundwater provides drinking water for residents in the southern or lower part of the
watershed. There are concerns that pollution could contaminate reservoirs, streams, and
groundwater in the Patuxent River watershed, which could lead to increased expenses as the
establishment of new systems will be needed to make water potable. In addition, the increase of
impervious surfaces and withdrawels within the watershed could cause the water table to decline
and therefore the availability of drinking water for human consumption in the future (Patuxent
Riverkeeper 2007).

Phemister (2004) studied the importance of the source of groundwater for determining nutrient
and sediment removal in Jug Bay tidal marshes. Evidence showed that nutrient and sediment
deposition is greater in marshes where the main source of incoming water is tidal flooding. In
these areas, the soils absorb the nutrients and sediments as the water filters through the marsh
vegetation. However, if the main source of marsh groundwater is an upland aquifer, the tidal
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water will be less likely to infiltrate the already-saturated soil, leaving a greater amount of
nutrients in the water as it flows back to the stream channel.

3.3.5 Land and water use history
3.3.5.1 Historical changes

The Native American tribes of the Patuxent River lived off the land and river for thousands of
years prior the first European landing. However, sediment records only show the major
influence of land-use on the environment after the European settlement in the 17" century (Brush
and Davis 1984). Significant ecological impacts are observed in the 18" century when massive
land clearing and new farming techniques were being implemented. During this time, tobacco
farming spread and created a residential boom of houses and plantations along the river instead
of a typical urban city center. Thousands of acres of forest were cleared for tobacco and corn
farms. Building directly on the river allowed planters to roll their product downhill straight onto
an oceangoing trade ship. The trade village of Charles Town was established in 1683 at the site
currently known as Mount Calvert. Tobacco farming however was so profitable that land
continued to be cleared without regulation. The trade ports became so clogged with sediment
and debris that by 1759 the town raised money to have the river dredged. The small ports of Jug
Bay were no longer commercially viable by the end of the 1700s. Over 75,000 people lived in
Southern Maryland by this time.

Studies in Jug Bay’s freshwater marshes show sediment rates to be 0.05-0.08 cm (0.019 - 0.032
inches) yr* before European settlement. In the mid-1800s, the peak of land clearance, the
sediment rate increased the times to an average of 0.50 cm (0.19 inches) yr™* (Khan and Brush
1994). Waterways became narrower and shallower as the river filled in with excess sediment.
The low marsh became high marsh and open water was converted into low marsh (Khan and
Brush 1994).

The invention of the steamboat, which drew only six feet of water, allowed trade to again prosper
along the Patuxent. The steamboat became the only long-distance transportation option during
the 1800s for freight and eventually passengers. Even steamboat transportation eventually ended
because ports could no longer be reached due to the high rates of sedimentation. At Pig Point
just above Western Branch, the Army Corps of Engineers dredged a channel ten foot deep and
450 feet long in 1888 and again in 1904 to keep this small port open at the head of the steamboat
navigation on the Patuxent.

The Chesapeake Beach Railroad was completed in 1896 and became the preferred travel method
for the area. The line was abandoned 35 years after its first run in 1900. The railroad bed
through the marsh still exists and the pivot turnstile bridge support is still visible in the river
where the train crossed Jug Bay. The railroad beds that extend into the marsh of both shores
have trapped sediment and allowed the increase in sediment build up. The end of the railroad
also coincides with the fading interest in sora rail hunting, partly due to the increased siltation
that made it difficult for even rail boats to navigate the marsh.
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3.3.5.2 Recent land use change and trends

The region surrounding Jug Bay has continued to grow. The population in the Patuxent
watershed increased from 86,000 people in 1950 to 500,000 people in the year 2000. As a result,
the annual load of sediment accumulating in the Patuxent River has also increased from 160,000
tons in 1950 to 710,000 tons in 1980 (Friebele et al. 2001). A sedimentation peak is particularly
evident in the mid-1960s through the mid-1970s and again in the early 1980s when urbanization
was at its highest rate (Khan and Brush 1994).

The increased population has also resulted in increased waste water effluent. By 1989, 40
million gallons of effluent per day was released into the river by wastewater treatment plants
(Friebele et al. 2001). The Western Branch Wastewater Treatment Plant, located on the Western
Branch tributary of Jug Bay, is the Patuxent River’s largest single source of treated effluent.

The decreasing health of the Patuxent River, specifically with increased sediment, prompted the
Patuxent River Watershed Act in 1961 with the goal of restoring the river to the 1950 water
quality levels. Maryland signed the Chesapeake Bay Agreement in 1987 promising to reduce
nutrient pollution to the Bay by 40% by the year 2000. The successful modifications to the
Western Branch Wastewater Treatment Plant are the reason the Patuxent River leads the Bay’s
tributaries for nitrogen reduction. Phosphorus levels have also declined since the state banned
phosphorus in detergents in 1985.

Another source of environmental enhancement to the mid-Patuxent River was the establishment
of the county parks surrounding the Jug Bay area. In 1974, 72 hectares (178 acres) of land was
purchased and protected, which would become the Jug Bay Wetlands Sanctuary in 1985. Today
the sanctuary incudes about 647 hectares (1,600 acres) and is the largest Anne Arundel County
Park. It is dedicated to ecological research, education, and habitat protection. Patuxent River
Park currently manages over 2,832 hectares (7,000 acres) along the western shore of the Patuxent
River — 230 hectares (596 acres) of these (Jug Bay Natural Area and Black Walnut Creek Area)
are included in the Reserve. The natural area is managed by the Maryland-National Capital Park
and Planning Commission (M-NCPPC) for recreation, research, and environmental education.
M-NCPPC began acquiring land after the Patuxent River was declared a valuable resource worth
protecting in 1961 by the state of Maryland.

The establishment of the county parks has provided a protective buffer along both sides of the
river, diminishing the potential for development in these areas. An analysis of land use within
the boundaries of the Jug Bay component shows forest, wetlands, and open water as the main

components with some reduced areas including cropland and pastures (Figure 3.3.13).

At a smaller scale, a land use characterization analysis conducted for the subwatersheds of
Galloway Creek, Two-run Branch, and Pindell Branch indicates forest as the main land cover for
the three streams; other dominant categories include wetlands, residential, and raw crops (Table
3.3.3).
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Jug Bay Land Use

Land Use

l:l Low-density Residential - 0.03 Hectares
|:| Open Land Urban - 0.1 Hectares
I:I Cropland - 36.1 Hectares

l:l Pasture - 14.6 Hectares

- Deciduous Forest - 361.1 Hectares
- Evergreen Forest- 72.4 Hectares
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Figure 3.3.13 Land use classification within the boundaries of the CBNERR-MD Jug Bay component.
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Table 3.3.3 Land use sub-watershed characterization of creeks found along the eastern bank of the
CBNERR-MD Jug Bay component. Source: Moshogianis (2009, unpublished data).

Land Use Acreage
(Percent in parenthesis)
Galloway Creek | Two-run Branch | Pindell Branch
Residential 227 (16) 181 (21) 45 (9)
Commercial 11 (1) 3(0.3) 0
Roads 73 (5) 20 (2) 7 (1)
Pasture and hay 36 (3) 69 (8) 6 (1)
Raw crops 156 (11) 81 (9) 80 (16)
Forest 808 (58) 300 (34) 371 (73)
Wetlands 25 (2) 209 (24) 0
Open space 60 (4) 18 (2) 0
Total acreage 1,396 881 509

3.3.6 Water Quality

Water quality has been monitored at the Jug Bay component since 2003 through three continuous
monitoring (CONMON) stations. These stations are part of the NERRS system wide monitoring
program (SWMP):

o0 Iron Pot Landing on Western Branch (38° 47' 45.60 N, 76° 43' 14.88 W),
0 Jug Bay Railroad Bed (38° 46' 52.68 N, 76° 42' 49.32 W), and
0 Mataponi Creek (38° 44' 35.88 N, 76° 42' 26.64 W) (Figure 3.3.14).

The stations monitor both physical and chemical water quality parameters. Eight parameters
(temperature, specific conductivity, salinity, percent oxygen saturation, dissolved oxygen — DO,
depth, pH, and turbidity) are measured in situ with a YSI 6600, and measurements are recorded
every fifteen minutes. Grab samples are collected twice a month and sent to Chesapeake
Biological Laboratory to be analyzed for the following parameters: chlorophyll a, ammonium
(NHy,), nitrite (NO,), nitrite+nitrate (NO,/3), phosphate (PO,), total suspended solids (TSS), total
volatile solids (TVS), total nitrogen (TN), and total phosphorus (TP). All three of these stations
are still active, and data can be downloaded from the Maryland Department of Natural Resources
eyesonthebay.net website. Two CONMON stations that are no longer active were established in
July of 1995 and successfully collected in situ water quality parameters through December of
2002. Data collected from those and all stations can be downloaded from the Centralized Data
Management Office (CDMO) website: http://cdmo.baruch.sc.edu/.
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Figure 3.3.14 Location of continuous monitoring stations (CONMONS) at the CBNERR-MD Jug Bay
component. CONMON stations are part of the NERRS system wide monitoring program (SWMP).

In addition to Reserve efforts, the Jug Bay Wetlands Sanctuary has been monitoring water
quality in some marsh areas since the designation of this component in 1985 through the Jug Bay
Water Quality and Nutrient Dynamics study. The study ended in 2009 in order to redirect efforts
to a stream study established in November 2009. The goal of this water quality study was to
determine the role of tidal freshwater wetlands in affecting water quality chemistry. It became
volunteer driven in 1988 and became one of the largest volunteer efforts as well as the longest
ecological study at the Sanctuary. Through the duration of the study, five sites were sampled for
pH, water clarity, dissolved oxygen, and temperature. Water samples were collected and sent to
the Chesapeake Bay Laboratory for nitrogen concentration analysis (Friebele 2001).

Swarth and Peters (1993) summarized the water quality data from 1987 through 1992 and
concluded that Jug Bay marshes played an important role in reducing nitrogen concentrations
through plant uptake and denitrification. Results during the growing season showed lower
nitrate concentrations during the ebbing tidal cycle when water is flushing out of the marsh than
concentrations in the river water before it flows onto the marsh during high tide. Dissolved
oxygen saturation averaged between 80% and 90%, and dissolved oxygen levels were generally
lower in the marsh sites compared to the river site (Swarth and Peters 1993). More complete
results of the Water Quality and Nutrient Dynamics study through 2009 can be found at the Jug
Bay Wetlands Sanctuary.

3.3.6.1 Dissolved oxygen
Water quality criteria for the desired dissolved oxygen levels have been established by the U.S.

Environmental Protection Agency (USEPA) for five essential aquatic habitats (Table 2.3.1, Otter
Point Creek Water Quality). To meet the criteria, dissolved oxygen levels must remain above 5
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mg per liter; Jug Bay currently meets this criterion. An analysis of dissolved oxygen (DO) and
depth data from the three Jug Bay Reserve CONMONSs for the time period of April 2003 through
December 2009 showed that the average surface DO was 8.53 mg/liter for Iron Pot Landing,
8.62 mg/liter for Railroad Bed, and 6.74 mg/liter for Mataponi Creek (Figure 3.3.15).

All average surface dissolved oxygen values from all three CONMON stations were above the
designated criterion of 5 mg/liter. However, it is apparent that the Mataponi Creek station has a
lower surface dissolved oxygen and average water depth compared to the other two stations
located further upriver. Lower DO values at Mataponi Creek may be the result of various
factors: first, the depth at this station is about 0.5-0.8 m (1.6-2.6 ft) shallower than the other two
stations and water quality parameters in shallower environments are more prone to fluctuate as a
response to atmospheric conditions such as temperature and wind. For example, warmer
temperatures during the summer months warm up shallower systems faster reducing the ability
of oxygen to dissolve in water. Second, Mataponi Creek is the only station where the bottom is
colonized by SAV, potentially leading to lower DO values as a result of decomposition of
accumulated organic matter. This may occur particularly during the end of the growing season
and SAV dieback. Third, Mataponi Creek is narrow, which limits water exchange, creating a
low energy environment.
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Figure 3.3.15 Average dissolved oxygen (mg I™) 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.

While the average DO values are above 5 mg I™ for all the stations, there are times during the
year when values dip lower. Low dissolved oxygen levels commonly occur in summer during
low tides. Low dissolved oxygen levels may also be a response to biogeochemical processes:
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decomposition (where organic matter converts to ammonium), nitrification (where ammonium
converts to nitrate), and denitrification (loss of nitrate as nitrate is converted to nitrogen gas).
These processes take place naturally in wetlands as they are important mechanisms by which
excess nitrogen is lost to the atmosphere. The uptake, cycling, and loss of nitrogen improves
water quality because excess nitrogen is a critical limiting nutrient that fuels algal blooms
(Swarth and Peters 1993).

Other water quality parameters collected as part of the long-term water quality monitoring
include pH, salinity, and temperature (Table 3.3.4). The Jug Bay component lies within the tidal
freshwaters of the Patuxent River; therefore, the average surface salinity of 0.18 ppt is
considered normal for this area. The average surface pH value is 7.01 which is within the
normal range for freshwater systems (Weller 1994). Finally, the average water temperature for
all three stations was 16.2 °C (61 °F).

Table 3.3.4 Average values of water quality parameters monitored through three continuous monitoring
stations at Jug Bay. Stations are listed from upper to lower river: Iron Pot Landing, Railroad Bed, and
Mataponi Creek.

Total
Depth Salinity DO DO Temperature
Station (m) pH | (ppt) | (mgl™h (%) (°C)
Iron Pot Landing | 1.396 | 7.22 0.20 8.53 84.8 16.1
se = standard error 0.0018 0.001 0.0004 0.01 0.06 0.04
Railroad Bed 1.197 7.16 0.18 8.62 84.0 15.8
se 0.0016 | 0.001 | 0.0005 0.01 0.09 0.04
Mataponi Creek 0.539 6.64 0.15 6.74 66.5 16.6
se 0.0017 | 0.007 | 0.0006 0.02 0.19 0.05
Average 1.044 7.01 0.18 7.96 78.4 16.2
se 0.0017 | 0.003 | 0.0005 0.01 0.11 0.04

Average values were calculated based on data collected from 2003-2009.

3.3.6.2 Water Clarity

Water clarity or turbidity describes how clear or cloudy the water is. Sediments and nutrients
(by contributing to algal growth) are critical contributors to turbid waters and come from a
variety of sources. Rain (as runoff) and snow melts and the occasional overflows from local
wastewater treatment plants are probably the main vectors bringing excess sediments and
nutrients into the Patuxent River. As sediments settle and are deposited, water currents, wind,
and ice flows may cause re-suspension of sediment particles which contributes to decreased
water clarity. By 2003, the volunteer-driven Water Quality and Nutrient Dynamics study
showed that water clarity in the Patuxent River’s main channel had an increase (although not
significant) compared to values reported during the start of the study in 1988 (Miller 2003).
Yearly and average turbidity values were determined from the Reserve’s three CONMON
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stations for the period of April 2003 through December 2009. Average turbidity values were
greatest at the Railroad Bed station and lowest at Mataponi Creek (Figure 3.3.16).

3

Iron Pot
“—Stafion =

Jug Bay Wetland
©Q Sanctuary

Rallroadh

. Béd Station 'W
% o

N taton | L2205 |
179015
Station | L1920 |

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.

Higher turbidity values at the Railroad Bed station may be due to the location of the CONMON
station along the main stem of the Patuxent River. In this position, it is more susceptible to boat
traffic re-suspension and to runoff from surrounding residential properties located at the
riverfront. The Iron Pot Landing station is located within a tributary off of the main stem;
however, it is still susceptible to boat traffic and runoff from the western branch watershed.
Average values at the Mataponi Creek station were nearly seven NTUs less than values at the
Railroad Bed station. The Mataponi Creek station is further off of the main stem and it is the
only station with significant amounts of SAV colonizing the bottom. SAV slows water flow and
promotes sediment trapping, which contributes to increase water clarity.

Yearly turbidity values for each Jug Bay CONMON stations for the same time period of April
2003 through December 2009 are presented in Figure 3.3.17. Similarly to the overall averages,
the Railroad Bed station showed consistently higher turbidity values than the other two stations.
Average turbidity at both Iron Pot Landing and Mataponi Creek stations was similar through
time. Both stations show a slight turbidity decrease from 2004 through 2007 while averages
increased at the Railroad Bed station during the same time period (Figure 3.3.17).
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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.

Regarding stewardship for the health of our Chesapeake Bay waters, it is important to mention
the story of retired U.S. Senator Bernie Fowler and the “Wade-In tradition”. Senator Fowler is
not only known for his service in Congress, but also for his enthusiasm toward Patuxent River
and Chesapeake Bay water quality restoration. For the past 23 years, Senator Fowler has hosted
an annual Wade-In event at Broomes Island, Maryland where he conducts his well known
“sneaker test.” Every second Sunday in June, he along with hundreds of enthusiastic local
community members “wade” into the water with white sneakers to quantify how deep the
sneakers can be seen (Figure 3.3.18). In June of 2009, Senator Fowler saw his sneakers through
25.5 inches of water. Similarly, in 2008, he saw his sneakers through 26 inches of water. While
these values seem to be consistent, they do not compare to the 60 plus inches Senator Fowler saw
from his childhood. He did not focus on the poor water quality, but on the actions that need to be
taken to make the river and the Bay better for future generations. Since Senator Fowler’s first
wade-in event in 1988, his efforts have motivated several other tributaries to host similar events
to further promote citizen awareness on water quality and bay restoration (Chesapeake Bay
Program Article June 2009).
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Figure 3.3.18. Senator Bernie Fowler wading in the Patuxent River along-side Governor Martin O’Malley
and U.S. Reprasentative 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).

3.3.6.3 Chlorophyll a

The concentration of chlorophyll a (a photosynthetic pigment in phytoplankton) in aquatic
ecosystems is used by scientists as an indicator of plankton growth and concentrtions in the
water column. High chlorophyll a values indicate algal blooms, which are often caused by
excess nutrients within the system. The criteria of trophic status within marine and freshwater
systems characterized by mean chlorophyll a concentrations was cited by USEPA in 2003 (Table
2.3.4 of the Otter Point Creek Site Profile). Based on the table, freshwater systems could be
considered eutrophic when chlorophyll a concentrations reach values of 6.7 to 10 pg I'*. At Jug
Bay, average concentrations were quantified for the period of April 2003 through December
2009 at three CONMON stations (Figure 3.3.19). Based on these averages eutrophic conditions
are present at both the Railroad Bed and Mataponi Creek stations, but is particularly evident at
the Railroad Bed station.
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Figure 3.3.19 Average chlorophyll a concentrations (ug I™") at the three CONMON stations at the Jug Bay
Reserve: Iron Pot Landing, Railroad Bed, and Mataponi Creek. Data are from April 2003 through
December 2009.

A more detailed analysis of chlorophyll a values for the same period of April 2003 through
December 2009 was conducted to determine the percentage of occurrences when chlorophyll a
concentrations exceeded the criterion for algal blooms (Table 3.3.5). The Railroad Bed station
was the only station where values exceed the criteria 25% or more for a single year.
Interestingly, there were only three times when the percentages exceeded 20% and there were no
occurrences equal or greater than 30%. The majority of the percent values were less than 15%.
There were even instances in 2004 when the criteria were not exceeded at Mataponi Creek and
Iron Pot Landing. Of the two stations, Iron Pot Landing exceeded the criteria the least which
compares with the low average chlorophyll a values stated above.

Table 3.3.5 Chlorophyll a concentrations that exceed the criterion of 15 pg I™ from the period of April
2003 through December 2009 for three CONMON stations located in Jug Bay. Values highlighted in red
correspond to the regions where 25% or more of the concentrations exceeded the criterion during the
seven year period.

JFIQJgin?:;y Chlorophyll a Concentrations Greater than 15 pg 1™ (%)
2003 2004 2005 2006 2007 2008 2009
Iron Pot
Landing 3(1) 0 (0) 1(1) 1(2) 5(3) 4(2) 9(2
Ragggad 9 (3) 11 (6) 8 (6) 11 (8) 9 (5)
Mataponi
Creek 3(1) 0 (0) 3(1) 6(2) 23 (7) 19 (5) 6 (1)

The numbers in parentheses correspond to the total number of observations used to calculate the Chlorohyll a
criteria failure.
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Scientists have also developed a tool to calculate the reductions in light penetration due to
chlorophyll a and total suspended solid concentrations. USEPA (2003) set chlorophyll a
concentrations criteria based on depth, total suspended solid concentrations, and water habitat
type (Table 3.3.6). Average water depth, total suspended solid and chlorophyll a concentrations
were quantified for the three CONMON stations from April 2003 through December 2009. The
Mataponi Creek and Iron Pot Landing stations meet distinctly the water clarity criteria, while the
Railroad bed station average falls close to breaking the water clarity criteria. Since the average
depth value for Iron Pot Landing is between one and two meters, values could be interpreted one
of two ways. Regardless, it is important to highlight that overall Jug Bay is not exceeding
expected water clarity criteria.

Table 3.3.6 Chlorophyll a concentrations (ug I™) criteria based on total suspended solid concentrations
(mg I™), depth (m) and shallow-water system habitat type. Areas in gray indicate where water clarity
criteria are exceeded. Source: USEPA (2003).

Total Tidal-Fresh and Oligohaline Mesohaline and Polyhaline
Suspended -
Solids Water-Colomn Depth (meters) .
(mg liter”) 0.5m I m 2m 0.5m I m 2m
5 199 9 122
(] 171
15 L34
20 [16
Patuxent River Embayment Characteristics
Station Average Water Average Total Suspended | Average Chlorophyll a
Column Depth (m) Solids (mg 1™ concentration (ug I
Iron Pot Landing 1.396 + 0.002 11.6+1.22 5.45 + 0.65
Railroad Bed 1.197 £ 0.002 14.9 + 1.46 129+1.12
Mataponi Creek 0.539 = 0.002 597 +0.72 6.78 £ 0.53

Average values were calculated from the time period of April 2003-December 2009.

3.3.6.4 Nutrients

The Patuxent River and the Jug Bay component, has been for many years a focal point for
studying nutrient dynamics. Ziegler et al. (1999) assessed the fluxes of ammonium (NH,) and
nitrate (NO3) within the sediment-water interface of the railroad bed marshes located near the
Jug Bay Wetlands Sanctuary. Sediment cores were taken in July and August of 1992 and
January of 1993. Results indicated the importance of Jug Bay marshes in nutrient cycling and
water quality. Marsh sediments acted as a source of ammonium and a sink for nitrate,
successfully transforming dissolved inorganic nitrogen (Ziegler et al. 1999).
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The Patuxent River has been classified as a nutrient-overenriched tributary of the Chesapeake
Bay primarily due to nutrient inputs from point and non-point sources, and atmospheric
deposition (Jordan et al. 2003). Through the use of watershed-level models the concentration of
nutrients and sediments within the Patuxent River has been positively correlated to the
proportion of cropland and developed land in the watershed. It appears that changes in cropland
coverage tend to produce larger shifts in nutrient concentrations than similar changes in
developed land proportion (Weller et al. 2003). Additional modeling has been conducted for the
Patuxent River watershed in an effort to predict water quality changes as a result of current and
various land-use change scenarios, which represents a valuable tool for planning and
management of both land-use and living resources (Lung and Bai 2003).

Locally the are six wastewater treatment plants, the largest being the Western Branch
Wastewater Treatment Plant (WB-WWTP) which are important point sources of nutrients to the
system (Figure 3.3.20). Approximately 40 million gallons of treated effluent from these plants
enter the river daily and it has been estimated that 25% to 40% of nitrogen entering the
Chesapeake Bay watershed comes from The Patuxent Wastewater Reclamation Facility located
in Crofton, Maryland (Swarth and Peters 1993). Between 1991 and 1994, over $190 million was
spent in upgrades to eight of the 25 treatment plants yielding a decrease in nutrient
concentrations and an increase in SAV biomass within the tidal Patuxent (Naylor and Kazyak
1995).
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Figure 3.3.20 Location of wastewater treatment plants (WWTPS) in the vicinity of the CBNERR-MD Jug
Bay component.
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Despite many WWTP upgrades, specifically to the Western Branch-WWTP, population growth
stresses their ability to adequately treat wastes. This is particularly evident during major storm
events, when partially treated waste overflows directly into the river. Other causes of overflows
include unforeseen events such as power and mechanical failures. In an effort to determine the
impact of these overflows in the Patuxent River’s water quality, an analysis was conducted to
compare nutrient concentrations before and after major overflows at a water quality station
closest to the WWTP (Iron Pot Landing) and at a reference site (Mataponi Creek). Overall
results of this analysis indicate that (1) major wastewater overflows represent an episodic short
term loading of nutrients to the system, particularly total nitrogen and total phosphorus; (2) the
continuing discharge of treated effluent and episodic overflows (in addition to other nutrient
sources) seems to have changed the overall nutrient characteristics of the affected area as nutrient
concentrations at the station closest to the Western Branch WWTP shows consistently higher
values than those from the Mataponi Creek reference site (Table 3.3.7); (3) even though post-
overflow high nutrient concentrations in the water decreased significantly soon after the event
(approximately two weeks), it is important to remember that most of these nutrients remain
within the system where they are transformed via biogeochemical processes, taken up by plants,
or lost through denitrification processes (Delgado et al. 2007, unpublished data).

Table 3.3.7 Average nutrient concentrations summarized for the period of April 2003 through December
2009 from CONMON stations in Jug Bay, Patuxent River: Iron Pot Landing, Railroad Bed, and Mataponi
Creek.

Jug Bay Station PO, NO; NO; NH,4 Total P Total N
mgPI1* | mgNI' | mgNI* | mgNI' | mgPI* | mgNI?

0.0097 0.0004 0.0303 0.015 0.0181

0.0007 0.0004 0.0254 0.004 0.0045
se 0.0917 0.0003 0.0143 0.003 0.0048 0.02
se 0.0340 0.0003 0.0233 0.007 0.00914 0.03

Values are not adjusted to reflect changes in river flow.

Table 3.3.7 summarizes nutrient concentrations from the Reserve’s three CONMON stations
including phosphate (PO,), nitrite (NO,), nitrate (NO3), ammonium (NH,), total phosphorus, and
total nitrogen. Average phosphate and ammonium concentrations decrease down-river from the
Iron Pot Landing station to the Mataponi Creek station. Both nitrate and nitrite average
concentrations were greater at the Railroad Bed and Iron Pot Landing stations compared to the
Mataponi Creek station down-river. Because of the relative close proximity between Iron Pot
Landing and Rail Road Bed stations, it is possible that the latter is influenced, in addition to
other sources, from nutrients discharged by the local Western Branch WWTP.

Total phosphorus was greatest at the Iron Pot Landing station and was lowest at the Mataponi
Creek station, while total nitrogen was greatest at the Railroad Bed station and lowest at the
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Mataponi Creek station (Figure 3.3.21). The lowest values reported at the Mataponi Creek
station may be an indication of two things: (1) as nutrient-charged water moves down-river flows
through the marshes where nutrient uptake and denitrification occur and (2) it is a reflection of
the more pristine conditions that characterize this station, which is surrounded mostly by wetland
and upland forest, with no immediate impact from wastewater treatment plants as compared to
the Railroad Bed and Iron Pot Landing stations.

Considering that the total nitrogen concentration is 0.65 mg I™* and total phosphorus
concentration is 0.037 mg I (Wazniak et al. 2007), all the average concentrations reported in
Table 3.3.7 for the Jug Bay area exceed the thresholds indicating the nutrient enrichment of the
Patuxent River system.
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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.

One of the major roles that the Jug Bay Wetlands system plays within this area relates to its
ability to improve water quality by trapping sediments and decreasing nutrient concentrations in
the water through natural processes. Boumans (2002), Ziegler et al. (1999) and others have
documented the role of Jug Bay marshes as a sink and transformer of nutrients. According to
Costanza et al. (1997), the water purification services provided by tidal wetlands have an
estimated economic value of $6500 ha™* yr. Greene (2005) estimated Jug Bay marsh nutrient
removal to be valued at $10 to $30 millions per year based on current control technologies.
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3.4 BIOLOGICAL AND ECOLOGICAL SETTING
3.4.1 Tidal Freshwater Marsh

Tidal freshwater wetlands (TFW) are a distinctive type of transitional ecosystem located
upstream from salt and brackish wetlands and downstream from nontidal freshwater wetlands.
These wetlands are characterized by nearly freshwater conditions (less than 0.5 ppt salt content),
plant and animal communities dominated by freshwater species, and daily tidal fluctuations. The
soils are saturated, highly organic, and anaerobic (Baldwin et al. 2009).

Tidal freshwater wetlands (TFW) are ecologically important as critical habitat; they support a
wide array of plant and animal life, with some organisms such as Morone saxatilis (rockfish)
fulfilling part of their lifecycles in the waters (Mitsch and Gosselink 2000). Tidal freshwater
systems are considered globally important because they sustain rare species and contain rare
habitat. The varied habitat types and diverse vegetation of TFW provide the structure for
complex communities of invertebrates, mammals, birds, fish, amphibians, and reptiles.

Jug Bay is among the largest TFW systems in the eastern United States (Boumans et al. 2003).
The Jug Bay component, which is located in the middle Patuxent River estuary is made up of
mostly freshwater tidal marsh habitats. The substrate is periodically exposed and flooded by
semidiurnal tides. Low marsh and intertidal mudflats are often only irregularly exposed at low
tide, whereas high marsh and scrub-shrub wetlands are only irregularly flooded at high tide but
can also flood during storm events and wind tides. The salinity of the Patuxent River averages
0.5 ppt or lower annually, but can reach 2 ppt during periods of extended drought.

A distinctive characteristic of tidal freshwater systems, including Jug Bay, is that the vegetation
is characterized by high species diversity and dominated by salt-intolerant freshwater plant
species as compared to downstream wetlands with higher salinity (Odum et al. 1984, Odum
1988). Tidal freshwater wetlands are often divided into habitat types in which depth and
duration of water inundation dictates where plants can grow, for example low marsh, middle-
high marsh, scrub-shrub swamp, and riparian forest or swamp.

Plant communities within marsh transition zones are not distinctive, but instead share common
species. However, in an effort to make these classifications, different methods are used to
systematically separate distinct communities; for example, the classification system of plant
communities of Maryland (Harrison 2004), which is part of the NatuReserve program. Often,
each habitat or marsh zone is characterized by a few dominant species (Mitsch and Gosselink
2000, Pasternack et al. 2000, Leck and Simpson 1995, Simpson et al. 1983), always considering
that true zonation is usually indistinguishable (Perry et al. 2009, Odum 1988). Competition
among species, site-specific hydrology, and irregular microtopography all contribute to the
indistinct vegetation zones found in tidal freshwater wetlands (Mitch and Gosselink 2000,
Pasternack et al. 2000, Leck et al. 2009). Table 3.4.1 presents a short list of dominant plant
species for the Jug Bay marsh, including the wetland zones where they are mainly found. A very
comprehensive list of the wetland species of Jug Bay and other upland species can be found in
the Jug Bay Wetlands Sanctuary website at http://www.jugbay.org/research/species_lists.
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Table 3.4.1 Dominant wetland plant species found in the tidal freshwater marshes of Jug Bay.

Common Name Scientific Name Wetland “Zone”
Spatterdock Nuphar lutea Low
Pickerelweed Pontedaria cordata Low to mid
Wild rice Zizania aquatica Low to mid
Arrow-arum Peltandra virginica Low to mid
Rice cut-grass Leersia oryzoides Mid
Common reed Phragmites australis Mid
Cattails Typha spp. Mid
Sweetflag Acorus calamus Mid to high
Halberd-leaved tearthumb  Polygonum arifolium Mid to high
Bur marigold Bidens laevis High
Buttonbush Cephalanthus occidentalis  High
Marsh hibiscus Hibiscus moscheutos High
Jewelweed Impatiens capensis High

According to the Jug Bay rare plants list (www.jugbay.org/research/species_lists) several species
of plants occurring in the marsh are rare, threatened or endangered. Chelone obliqua (red
turtlehead), which is considered threatened in Maryland, is an obligate wetland plant that has
flowers frequented by butterflies and hummingbirds. Galactia volubilis (downy milk pea) is an
upland plant that can be found in the scrub-shrub habitat and is endangered, threatened, or
extirpated in surrounding states. Other rare, threatened or endangered plants include Desmodium
laevigatum (smooth tick-trefoil), Desmodium viridiflorum (velvety tick-trefoil), Lespedeza
stuevei (downy bushclover), Rhynchosia tomentosa (hairy snoutbean), Carex exilis (coast sedge),
Carex hyalinolepis (shoreline sedge), Carex lupuliformis (hop-like sedge), Carex vesicaria
(inflated sedge), Carex vestita (velvety sedge), Matelea carolinensis (anglepod), Matelea oblique
(climbing milkweed), Platanthera blephariglottis (white fringed orchid), Platanthera ciliaris
(yellow fringed orchid), and Platanthera flava (pale green orchid).

Rare and threatened animal species include Enallagma traviatum (slender bluet), Euphydryas
phaeton (Baltimore checkerspot), Haliaeetus leucocephalus (bald eagle), Ixobrychus exilis (least
bittern), Macromia illinoiensis georgina (Georgia river cruiser), Porzana Carolina (sora rail),
Progomphus obscures (common sanddragon), Somatochlora linearis (mocha emerald).

Great efforts have been made to preserve the vegetation and wildlife at Jug Bay, and there is
much interest in continued preservation despite present and future threats. Because Jug Bay is
subject to anthropomorphic and natural changes in hydrology, predicting the responses of the
plant communities to such changes can help park managers determine whether specific habitats
are vulnerable.

Several studies have examined the year-to-year and geographical changes in plant species and

communities. Baldwin et al. (2001) found that flooding patterns are an important effect
controlling plant species composition in tidal freshwater marshes from year to year. Their
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research shows that species diversity in these communities will be reduced by hydrological
changes. Parker and Leck (1985) found that vegetation zonation patterns in tidal freshwater
marshes are mainly governed by attributes of the species and the level of stress experienced
during the early growing season, as opposed to seed bank abundances and composition. Plant
species are assembled in a zonation pattern according to the amount of time and depth of
inundation they receive. It is the hydrological influence within the marsh that determines which
plant species will grow in which areas. Both of these studies (Baldwin et al. 2001, Parker and
Leck 1985) point to the importance of hydrology as the main factor governing the patterns in the
vegetation communities of tidal freshwater wetlands (TFW). Hydrological changes which may
occur from sea level rise, changes in watershed land use, and/or geologic land subsidence will
impact the plant communities and as a result also the animal communities of Jug Bay.

Other research has studied the importance of seed banks in determining spatial and temporal
changes to TFW species distribution and composition. Many plants of tidal freshwater marshes
produce copious amounts of seeds, some of which accumulate in the sediments every year
producing seed banks (Leck et al. 1987). As a result of different species requirements for seed
germination and growth, seed banks create the opportunity for species variability in different
parts of the wetland and from year to year (Leck and Simpson 1993).

In an effort to monitor changes in Jug Bay’s marsh plant communities, a long-term vegetation
study was conducted from 1994 to 2008. A total of nine transects were established in different
wetland habitats within the Jug Bay north and south Glebe marsh and measured in 1994, 1995,
2007, and 2008 using the line-intercept method. An analysis of the data collected through this
monitoring effort shows relatively minor variability in the marsh community during the 14-yr
study period (Swarth et al., unpublished data). This seems to be indicative of the current stability
of the wetlands at Jug Bay. There were only a few cases where changes in some areas were
observed for some key species; for example Figure 3.4.1 shows a decrease in the importance
value of Peltandra virginica and Acorus calamus and an increase for Pontederia cordata through
the study period.
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Figure 3.4.1 Importance values of marsh emergent vegetation species along transect at Jug Bay.
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As a way to continue the monitoring started in 1994, a new longterm monitoring effort that
covers a larger marsh area was started in 2008 by the CBNERR-MD research program. The
main purpose of this program is to monitor the wetlands of Jug Bay as they may respond to
impacts from climate change (particularly sea level rise) and watershed land use changes. This
complements current water quality monitoring and other sedimentation related studies. Five
transects were located within the vicinity of each of the existing CONMON stations for a total of
15 emergent vegetation transects (Figure 3.4.2). Measurements follow established NERRs
protocols for sampling of marsh emergent vegetation as indicated by Moore (2009).

\

94Jug Bay Wetland
Sanctuary

Y
Railroad Bed 9
. N

3]
i

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.

Preliminary results of this monitoring effort show that approximately 78 different species of
plants have been reported among the three sampling areas, although only about 25% of them
could be considered relatively common. Some of these commom species are Eleocharis spp.,
Hibiscus moscheutos, Leersia oryzoides, Mikania scandens, Murdannia keisak, Nuphar lutea,
Peltandra virginica, Polygonum arifolium, Polygonum sagittatum, Sagittaria latifolia,
Schoenoplectus fluviatilis, Sparganium eurycarpum, Typha spp., and Zizania aquatica among
others. Specific location of these species relative to the low marsh, middle-high marsh or scrub-
shrub swamp is dependent upon the marsh habitat characteristics, particularly flooding
conditions.

In Jug Bay a total of six estuarine intertidal habitats have been identified to facilitate the study of
plant communities and their classification. These habitats are: subtidal and open water, pioneer
mudflat, low marsh, middle-high marsh, scrub-shrub swamp, and riparian forest or swamp. Each
of these will be described in the following sections.
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3.4.1.1 Subtidal and open water

The Patuxent River runs through Jug Bay and is fed by a network of streams. Tidal flooding,
groundwater hydrology, rain events, geomorphology and harmful agricultural practices all
contribute to the variety of aquatic habitats in this estuarine system. Subtidal and open water
habitats comprise 102 hectares (251 acres) of the component and are characterized by flowing
water including the deeper tidal river, tidal streams, and non-tidal streams. The riverine system
consists of linear aquatic habitats of flowing, non-tidal waters with a discrete stream channel.
Stream and riverine habitats can transition into palustrine (marsh and swamp) habitat, estuarine
intertidal habitats, or are bordered by steep banks of sand or gravel shoreline with sparse
vegetation.

Submerged aquatic vegetation

A significant portion of the CBNERR-MD Jug Bay component is composed of subtidal and open
water habitat. One of the most important communities found within this environment is
submerged aquatic vegetation (SAV). In the Chesapeake Bay, SAV is often restricted to shallow
water depths (less than 3 meters at mean low water — MLW; Dennison et al. 1993). These non-
flowering or flowering macrophytes grow completely underwater from April to October. They act
as biological indicators of the ecological health of coastal ecosystems (Duffy 2006, Orth et al.
2006). SAV provides cirtical ecological services by reducing turbidity, stabilizing the shoreline,
reducing erosion and improving overall water quality by filtering nutrients and sediments (Short
and Wyllie-Echeverria 1996). SAV also serves as an important food source for aquatic animals,
provides habitat for commercial fish and shellfish, and acts as a breeding and nursery ground for
a variety of fish and wildlife (Short and Wyllie-Echeverria 1996, Beck et al. 2001). Subtidal and
open water zones that are not colonized by SAV, generally become barren sediments composed
mainly of sand, silt, and clay. These barren sediments do not support nearly the life that SAV does.

Historical and current state of SAV

A review of historical maps for the Upper Patuxent River (which includes the Jug Bay component;
Figure 3.4.3) from the Virginia Institute of Marine Science (http://web.vims.edu/bio/sav/index.html)
shows a significant improvments in SAV coverage from first records in 1985 when SAV coverage
was about 6 ha (15 acres) compared to 54 ha (133 acres) recorded nine years later in 1994 (Figure
3.4.4). Since 1994 SAV coverage within this area has ranged between 45 ha (111 acres) (1995) to
about 131 ha (324 acres) (2005), which was an unusual high value during the entire mapping period
(Figure 3.4.4). Also, since 1994 underwater grasses have maintained a constant presence in this
area showing an overall increase from 2001 to 2006. The reasons for temporal variability of SAV
coverage in this area are unknown, but could be due to natural bed dynamics or influenced by
environmental conditions, mainly temperature and light availability.
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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).
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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).

During 2004, and from 2007 through 2009, VIMS conducted ground surveys for the mapping area
of the Upper Patuxent River. Elodea canadensis (common waterweed), Hydrilla verticillata
(hydrilla; non-native), and Najas minor (spiny naiad; non-native) were found during each of the
four surveys. Ceratophyllum demersum (coontail) and Najas guadalupensis (southern naiad)
were found in 2004, 2007, and 2008. Vallisneria americana (wild celery) and Zannichellia
palustris (horned pondweed); Najas flexilis and Najas gracillima (slender naiad); and Chara spp.
(muskgrass and Alga) were found for only one year, in 2007, 2008, and 2009, respectively.

CBNERR-MD submerged aquatic vegetation monitoring

To monitor the status and spatial and temporal changes of the SAV community at Jug Bay, the
CBNERR-MD research program established a monitoring effort that involves the sampling of six
main SAV beds within and nearby the Jug Bay component (Figure 3.4.5). The main goals of the
project are to detect short and long-term changes in species diversity, abundance, and dominance
(particularly native versus non native species) and study the relationships between environmental
parameters and SAV population dynamics.
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Figure 3.4.5 General location of submerged aquatic vegetation transects sampled by CBNERR-MD at Jug
Bay.

SAV monitoring by CBNERR-MD began in 2007. CBNERR-MD established six, 60-meter
(197 ft) long transects sampled at 10 meter (33 ft) intervals three times a year (June, August, and
October). Often volunteers from the local community help with this monitoring effort. A
modified oyster tong sampling technique is used, which is a suitable method for sampling when
diving techniques are not practical (Figure 3.4.6). The characteristic shallow areas and the
constant turbid conditions within the Patuxent River make the sampling of SAV by diving
especially difficult. Water quality parameters (dissolved oxygen, temperature, conductivity,
conductance, salinity, pH, and secchi depth), total depth, and a qualitative description of
substrate type are recorded in addition to species presence and an indirect measure of species
biomass (estimated through a volume displacement technique).

198



199



Hydrilla verticillata (Hydrilla)

300.0 ~
250.0 -
200.0 -
150.0
100.0

50.0 -

J A o M J A 0] J A
2007 2008 2009

EPAXTF1 WPAXTF2 WPAXTF3 OPAXTF4 BWPAXTFS5

OO T T \E - T 1 T+ 71T 1T 1

(0] J

EPAXTF6

70 Ceratophyllum demersum (Coontail)

6.0 1
5.0
4.0 4
3.0
2.0
1.0 1

00 = ‘IIFFLHTTI B || e

J A 0] M J A 0] J A
2007 2008 2009

Dry Biomass (g m?)

HPAXTF1 BPAXTF2 BEPAXTF3 OPAXTF4 B PAXTF5

2010

EPAXTF6

450 Najas minor (Spiny naiad)

40.0
35.0
30.0
25.0
20.0
15.0 -
10.0

5.0
p R
J A O M J A (@) J A

2007 2008 2009

B PAXTF1 W PAXTF2 B PAXTF3 O PAXTF4 W PAXTF5

(0] J
2010

m PAXTF6

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).
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Hydrilla verticillata (hydrilla; Figure 3.4.8) is a non-native species which was first detected in
the Patuxent River during a 1993 survey conducted by Maryland National-Capital Park and
Planning Commission / Patuxent River Park in Back Channel and Mill Creek. Hydrilla is a
strong competitor due to its ability to grow in oligotrophic (low nutrient) and eutrophic (high
nutrient) conditions (Van et al. 1999). Furthermore, hydrilla allocates a majority of its biomass to
shoot mass (Van et al. 1999), which allows for quick growth through the water surface
developing a canopy and reducing light availability to other SAV species (Langeland 1996).
Extensive hydrilla beds therefore tend to out-compete native underwater grass communities and
impact water use by interfering with navigation of both recreational and commercial craft.
However, similar to other SAV species, hydrilla provides habitat and food for some fish and
wildlife, and helps to clean nutrients and sediments from the water.

Photo credit: P. Delgado

Center for Aquatic and Invasive Plants

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

SAV habitat requirements

The Chesapeake Bay Program developed water quality criteria by characterizing habitat
requirements for SAV, which was based on a model for determining the “percent light at leaf”
(Kemp et al. 2004). Kemp et al. (2004) estimated the minimum light requirement for SAV
survival based on the amount of light reaching leaves as it passes through the water column and
the epiphyte layer. SAV habitat requirements have also been estimated based on other
parameters; for example, Dennison et al. (1993) described specific criteria for SAV survival
including water depth, light attenuation through the water column, and the concentration of total
suspended solids (TSS), chlorophyll a, dissolved inorganic nitrogen, and dissolved inorganic
phosphorus. SAV habitat requirements differ depending on salinity regime and species.

201



In an effort to assess SAV habitat requirements for the Upper Patuxent River as described above,
water quality data compiled from five monitoring sites located within this area were analyzed as
part of the Maryland Tributary Strategy Patuxent River Basin Summary Report for 1985-2007.
Results indicated that percent light at leaf, light attenuation, and concentration of suspended
solids and phosphorus fail SAV habitat requirements for this region. Chlorophyll a levels,
however, met the SAV habitat criteria (Maryland DNR 2007).

Restoration and outreach efforts

Considering that the Jug Bay underwater grass community is dominated by the non-native hydrilla,
efforts have been made to restore native SAV species through volunteer and local community
actions. In 2007, plantings of wild celery were conducted as part of the NOAA Restoration Day
where Western Branch flows into Jug Bay (NOAA 2007). As part of this activity NOAA staff grew
SAV in small tanks, which were then planted during a one-day field restoration event (more
information about this event could be found at: http://restorationday.noaa.gov/). Another effort
included the Chesapeake Bay Foundation’s Grasses for the Masses Program, which was organized
in collaboration with the Jug Bay Wetland Sanctuary and CBNERR-MD. This program involved
the participation of students, volunteers, and the local community in growing and planting native
underwater grasses (Rohrer 2001, Chesapeake Research Consortium 2007). There have also been
Vallisneria americana (wild celery) transplants near the Jackson Landing launch ramp at
Patuxent River Park from 1999 to 2002. For the1999 and 2000 plantings there was evidence of
plants flowering and seeding; however, although there was growth in the planting area in 2001
and 2002, by the fall season hydrilla had overtaken the wild celery.

3.4.1.2 Pioneer mudflat

The pioneer mudflat is a non or sparsely vegetated habitat that sometimes contains submerged
aquatic vegetation. This habitat is found at a lower elevation than the low marsh habitat. Newly
forming mudflats occur in areas prone to sedimentation such as at the mouths of streams where
sediments are deposited; often adjacent to low marsh habitat. Mudflat habitat is also found in
depressions within the low marsh and less frequently within high marsh habitats. This habitat
can cover great expanses, particularly in areas with low elevation change (flat areas), and are
often exposed at low tide. In Jug Bay, it is characteristic to find SAV colonizing some of the
mudflats including Hydrilla verticillata, Elodea canadensis, and Ceratophyllum demersum.

At high tide, any plants present are completely submerged by 0.9 to 1.2 m (3 ft to 4 ft) of water.
Fish, invertebrates, turtles, otters, beavers, swimming birds, and wading birds occupy the water
foraging for food. As the tide goes out, most aquatic animals retreat to open, deep water areas.
On the exposed mudflat, birds such as herons, shorebirds and dabbling ducks search for snails,
crustaceans, and invertebrates.

3.4.1.3 Low marsh
The low marsh habitat occurs in shallow bays and shoals bordering intertidal mudflats or open

water. The soil is inundated between 15 and 24 hours per day (Mitsch and Gosselink 1993) and
is usually less than 2 m (6 ft) deep at high tide. The water depth depends on tide height (high or
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low tide), phase of the moon (spring tides vs neap tides), wind speed and wind duration, river
flow (volume), precipitation (recent rains) and storms. Also, the release of water from the
Patuxent River reservoirs at Rocky Gorge and Triadelphia can have an impact on depth. In some
areas the marsh may be expanding due to sedimentation from upstream sources. Farming and
development in the watershed over the last several hundred years caused surface soil to run off
into the waterways delivering sediments into the marsh. The sediments settle out of the slowly
moving water, especially during times of high tide as the momentum of the water reverses
direction. As more and more sediment is delivered into the system, the marsh traps more
sediment and forms sections of marsh in areas that were previously open water. Low marsh is
situated adjacent to middle-high marsh with increasing elevation.

The low marsh plant community consists of perennial and annual herbaceous species dominated
by broadleaf emergents. The plants are generally stand-forming species with mat-forming
rhizomes that resist the erosive forces of flooding. Below ground, the finer roots of annuals
occupy the upper soil while thicker perennial roots intertwine to form a dense network below
ground (Baldwin 2004). The ability to withstand flooding plays a major role in vegetation
community composition in the low marsh (Baldwin et al. 2001). The lowest elevations
experience both the longest inundations as well as the deepest levels of water during high tide.

The dominant species in the lowest elevation is Nuphar lutea (spatterdock) which frequently
occurs in large homogenous stands adjacent to open water (Figure 4.3.9). N. lutea is the first
emergent species to appear (February in some years) at the start of each growing season.
Submerged aquatic vegetation such as Hydrilla verticillata, Elodea canadensis, and
Ceratophyllum demersum are also often present around the stems of the spatterdock. As
elevation increases slightly, other low marsh species including Peltandra virginica (arrow arum)
and Pontederia cordata (pickerel-weed) begin to emerge. They emerge later than N. lutea,
flower during the summer months, and by August are yellow and wilting. In early summer,
seedlings of emergent annuals such as Zizania aquatica (wild rice) and sometimes Acorus
calamus (sweetflag) begin to grow and by midsummer overtop the low-growing plants, and
flower and produce seeds during autumn. While the lowest elevations of the marsh are generally
populated by spatterdock, the undisturbed low marsh areas which transition to middle-high

marsh are quite species rich.

Photo credit: art o

Figure 3.4.9 Low marsh at Jug Bay dominated by Nuphar lutea (spatterdock).
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Low marsh vegetation grows during the summer and fall months and dies back during the winter.
Spatterdock, wild rice, arrow arum, and pickerelweed occupy expansive patches during the
growing season, but during the fall and winter the above-ground portions of the plants die off,
fall to the ground, and some material is also swept away by the water. The rhizomatous mats
hold the subsurface in place but the surface mud is susceptible to erosion during the winter. In
other areas of low marsh, dead cattails stalks remain in the marsh after the growing season is
over, trapping moving sediments in the water during the winter months (Figure 3.4.10).

5

Poto credit: . Swarth )

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.

Zizania aquatica (wild rice) stands at Jug Bay represent a very important and characteristic
community of the low marsh zone; it covers broad ares and is an important source of food and
habitat for birds and other wildlife on the river (Figure 3.4.11). Both migrating and resident
avian populations depend on wild rice as a major component of their diet. Since 1999 Patuxent
River Park has led a highly successful restoration effort to sustain the wild rice stands in an effort
to help maintain native plant and animal communities.

Research studies focusing on growth, herbivory, maintenance, and distribution of wild rice have
been conducted on the site. In one study, Weiner and Whigham (1988) found that self-thinning
in wild rice stands decreases the size variability within the stand. They attributed this tendency
toward uniformity in individual plant size during density-dependent thinning as evidence of
competition for light. This type of research is essential to understanding the growth of
monoculture stands of wild rice.
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Photo credit: G. Kearns

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

Herbivory of wild rice is a natural part of the freshwater tidal wetland ecosystem. Native
waterfowl and wildlife have evolved to depend on wild rice as a major food source in the fall.
Wild rice seeds are high in carbohydrates and migrating birds consume large amounts of it
before making the fall migration trip to Florida, the Caribbean or Central America (Friebele
2001). These energy-rich seeds provide the fuel they need to power their southward flights.
Millet and tearthumb seeds also provide important food for birds. A great threat to Jug Bay wild
rice population is that it can be devastated by resident Canada geese in the early summer after the
yound rice has germinated and is only a few inches tall. During the 1990s, herbivory by Canada
geese was so deleterious to the wild rice that the stands suffered tremendous decline. Canada
geese are an especially difficult problem due to the fact that they sustain a large population of
year-round residents and at Jug Bay wild rice is a favorite food. The effect of this disturbance on
plant communities at Jug Bay has been a focus of important research aimed at restoring the wild
rice to its former abundance.

In 1999, Greg Kearns (Patuxent River Park Naturalist) placed 1-meter diameter wire fence
enclosures in the rice stands as an experiment to determine the magnitude of the effect of
herbivory by geese. After one season the results showed that fencing successfully deterred the
geese from eating the rice. Tall, dense stands of wild rice grew within the enclosures whereas
there was only bare mud and sparse rice cover outside of the enclosures (Figure 3.4.12;
Carothers 1999). Haramis and Kearns (2001) investigated the problem in more detail by using
three methods to control the herbivory: fencing, seeding, and goose hunting. They found that a
combination of all three methods created an atmosphere conducive to wild rice recovery and
restored the stands to almost pre-1990 levels (Figures 3.4.13 and 3.4.14). Baldwin and
Pendleton (2003) also studied the interaction of wild rice herbivores and they found that low
marsh study plots where exclusion fencing was used had significantly higher values of plant
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biomass, cover values, and leaf area index as compared to study plots that were accessible to
animals such as resident Canada geese, Cyprinus carpio (commom carp) and Ondatra zibethicus
(muskrat).

Figure 3.4.12 Robust wild rice plants growing inside one meter enclosures at Jug Bay.
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Figure 3.4.13 Aerial photos showing the 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 homogenous wild
rice stands were restored to almost pre-herbivory values by 2007. Source: Delgado et al. (2009,
unpublished data).

Fluctuating water levels from tidal flooding makes the low marsh a difficult place for many
animals to live. Animals that use the low marsh are adapted to its unique hydrology. Typical
animals found here include great blue herons, osprey, muskrats, river otters, and many other
species of birds, animals, insects, and aquatic life. Great blue herons generally nest in the nearby
riparian forest but forage in the low marsh and open water for fish Osprey, which feed
exclusively on fish catch in open deep water and they utilize the many man-made nesting
platforms placed in the low marsh by naturalists at Patuxent River Park.

3.4.1.4 Middle-high marsh

The middle-high marsh zone is characterized by slightly higher elevations that flood for shorter
periods of time than the low marsh. The depth of flooding averages 0.5 m (1.6 ft) at high tide
and depth varies based on the tidal amplitude. The marsh habitat at these elevations is under less
hydrologic stress than the low marsh, but the plants undergo severe competition for space and
light (Leck et al. 2009).

Using pollen and seed analysis from sediment cores, Khan and Brush (1998) found that the Jug
Bay middle-high marsh formed within the last 100 years, most likely due to high sedimentation
rates from agricultural runoff. This information is consistent with what is known about
development and urbanization in the area over the last century. As farming and human
expansion proceeded, soil run-off into the waterways caused suspended sediments to be
delivered throughout the marsh. During tidal flooding, sediments settled out of the water column
resulting in the formation of mudflats followed by plant colonization. As run-off continued, the
marsh trapped more sediment forming larger flats of higher elevation.

208



Middle and high marsh habitat has a high diversity of herbaceous plant species. Characteristic
species are Typha angustifolia (narrowleaf cattail), Impatiens capensis (jewelweed), Acorus
calamus (sweetflag), Carex spp. (sedges), Polygonum arifolium (halberd-leaved tearthumb),
(Polygonum punctatum (smartweed), Leersia oryzoides (rice cutgrass), and Hibiscus moscheutos
(marsh mallow). Polygonum arifolium and P. sagitatum (tearthumb), vines with sharp recurved
spines, grow over the other vegetation and dominates late in the growing season. Peltandra
virginica (arrow arum), Zizania aquatica (wild rice), Sagittaria latifolia (arrowhead), and
submerged aquatic vegetation can also be present, but more sparsely than in the low marsh.

The plants of tidal freshwater wetlands exhibit much more temporal variability in growth and
dominance than do salt marsh plants (Odum 1988). Seasonal variation is apparent in the
changing dominance values of species at Jug Bay as found by Laura Perry (1994). In the
middle-high marsh, low growing perennials P. virginica and A. calamus dominate in early
summer, but give way to other annuals and perennials that overtop and grow over them in mid-
to late-summer (Odum 1988, Perry 1994). In late summer, Z. aquatica, Impatiens capensis,
Bidens spp., H. moscheutos, and Acnida cannabina reach peak biomass (Odum 1988, Perry
1994). The high species diversity of the middle-high marsh is measureable due to this seasonal
succession, as other less prevalent species in a large species pool find niches during the transition
of dominance (Simpson et. al 1983).

Year-to-year variation in marsh vegetation is another characteristic of Jug Bay wetlands. The
community of species which grow in any given year is influenced by the hydrological structure
of tidal flooding, variation in flooding, and by the specific germination and growth requirements
of each species (Baldwin et al. 2001a). Because most marsh plants produce large quantities of
seeds, the seed banks in the sediments are extensive (Leck and Simpson 1987). In comparing the
seed bank to the resulting vegetation of various wetland areas, Parker and Leck (1985) found that
vegetation zonation patterns in the freshwater tidal marsh are governed chiefly by attributes of
the species and the level of stress experienced during the early growing season, as opposed to
seed bank abundances and composition. Although the seeds of different species are found
throughout the marsh, they only germinate and grow in areas that fulfill the species’
requirements for germination and growth (Parker and Leck 1985). Competition between plants
is also a major factor influencing plant composition in the middle-high marsh (Leck et al. 2009).
Whereas seeds of many species may be abundant in the seed bank, the ability of a species to gain
adequate space and light dictate whether that species will be successful in the middle-high

marsh. Hydrological factors combined with the stress of intra- and inter- specific competition
contribute to the year-to-year variation in species composition and dominance in the middle-high
marsh.

In some areas of the middle-high marsh, Phragmites australis (common reed) dominates,
creating almost pure, homogenous stands with few other species. However, on close inspection
other species such as Nuphar lutea (spatterdock), Pontederia cordata (pickerelweed), and Peltandra
virginica (arrow arum), Typha angustifolia (narrowleaf cattail), Zizania aquatica (wild rice), Sagittaria
latifolia (arrowhead), Impatiens capensis (spotted jewelweed), Acorus calamus (sweet flag), Carex spp.
(sedges) can often be found. Cronk and Fuller (1995) describe P. australis as a nuisance species
that takes over habitat occupied by other plants, thus decreasing species diversity. Rice et al.
(2000) used aerial photographs from the 1930s, 1970s, 1980s and 1990s to determine the
distribution and expansion rate of P. australis in three tidal freshwater marshes, including the Jug
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Bay Wetlands Sanctuary, and four brackish marshes. They determined that the three freshwater
marshes had non-expanding populations of P. australis, most likely because it was present for
decades, indicating a stable population. The brackish marshes, which were more recently
colonized, had expanding populations of P. australis. This research built upon the earlier efforts
of Shima et al. (1976), one of the first groups to use aerial photography and ground truthing to
determine aspects of vegetation including species associations, vigor, growth habit, and
successional stage.

For decades, park managers and wildlife officials have debated the management of P. australis.
There is evidence, however, that P. australis stands may be helpful to marsh preservation. Rooth
and Stevenson (2000) compared sedimentation and elevation change in marshes containing
native Spartina spp. grasses with marshes containing the invasive P. australis. P. australis
communities had both higher sediment deposition rates as well as higher rates of positive
elevation change. In a related study, Rooth et al. (2003) found significantly higher rates of
sediment accretion in P. australis communities, as well as increases in elevation as compared to
adjacent areas occupied by Typha spp. and Panicum virgatum. The authors suggest that resource
managers can use this information as they plan strategies for combating sea level rise in critical
habitats.

Meyerson et al. (2000) compared freshwater tidal and nontidal marshes before and after
eradication of monocultures of P. australis. They clearly showed rapid rates of colonization of
other species after extirpation by fire or herbicide. This is probably due to the presence of many
species in the seed bank being released from competition. Studies by Ailstock et al. (1990)
support this trend for a nontidal freshwater marsh in Maryland. However, Meyerson et al. (2000)
argue that repeated treatments may be necessary to prevent reinvasion of P. australis.

Although P. australis is considered a native species, there are questions as to why it has behaved
like an invasive plant at Jug Bay and elsewhere. Paleoecological studies have shown that P.
australis had a more limited prehistorical distribution, residing in the upper reaches of salt
marshes in North America (Orson et al. 1987). Evidence clearly shows that in some areas
human intervention in the hydrological cycles has caused it to spread and dominate (Roman et al.
1984). Other factors affecting its spread include pollution, development, mechanical
disturbance, and the introduction of a genotype of the species that is particularly aggressive
(Chambers et al. 1999).

3.4.1.5 Scrub-shrub swamp

Woody and herbaceous species occur together in the scrub-shrub dominated wetland. Scrub-
shrub habitat occurs where the water is usually less than 0.5 m deep at high tide. It forms a zone
between the middle and high marsh, and the neighboring uplands. The microtopography is
variable, containing small hummocks (generally 2 m in diameter) and depressions with a
diversity of species reflecting microsite hydrology: middle-high marsh species can be present in
the depressions and upland shrub and tree species (facultative wetland plants) on the hummocks,
while other areas are flatter and contain characteristic shrub and vine species. The canopy is of
mixed height (trees may be 10 m high) and is relatively open. The soils are primarily organic

210



with partially decomposed peat as well as fine sediments (Harrison 2004). The fruits and berries
of shrub species provide a nutritious food source for migratory and resident songbirds.

Characteristic shrubs are Alnus serrulata (alder), Cephalanthus occidentalis (buttonbush),
Vaccinium corybosum (highbush blueberry) Ilex verticillata (winterberry), Lindera benzoin
(spicebush), Viburnum dentatum (arrowwood), Cornus amomum (silky dogwood), C. foemina
(gray dogwood), and vines such as Parthenocissus quinquefolia (Virginia creeper),
Toxicodendron radicans (poison ivy), and Smilax rotundifolia (greenbriar).

Characteristic ground layer species include Onoclea sensibilis (sensitive fern), Impatiens
capensis (spotted jewelweed), Polygonum spp. (knotweeds), Carex spp. (sedges), and Asclepias
incarnata (swamp milkweed).

The scrub-shrub swamp provides important food and cover for several birds listed by the
Maryland Ornithological Society (MOS) as being threatened or endangered.

3.4.1.6 Riparian forest or swamp

This wetland habitat consists of woody and herbaceous species dominated by trees. The soil is
typically wet and is subject to the action of wind tides and/or semidiurnal flooding which bring
freshwater onto the floodplain. This forest habitat is found neighboring middle and high marsh,
scrub-shrub wetlands, and upland plant communities. Riparian forest may be tidal or non-tidal.
There is less research-based information available about the tidal forest habitats than about the
tidal freshwater marshes (Baldwin et al. 2009).

Both tidal and non-tidal swamp forests occur at Jug Bay. The tidal hardwood swamp
communities neighbor marsh habitat and at the furthest reaches of tidal influence grade into the
non-tidal swamp forest. Tidal hardwood swamps are considered globally vulnerable to
extinction because their range is restricted and less than 100 occurrences have been documented
worldwide (NatuReserve 2009). These sites are rare because they occur in areas with a wide
tidal range, a large volume of water flowing from upstream, and low coastal plain geographical
relief. These three factors rarely occur together (Rheinhardt 1992).

The tidal swamp forest consists of hummocks and hollows in which upland tree species such as
Acer rubrum more commonly occupy the hummocks, and woody species associated with wetter
habitats, such as Alnus serrulata occupy the hollows (Duberstein and Conner 2009). At Jug Bay,
Burke and Swarth (1997) indicated that the hummocks were one meter to three meters in
diameter and had a firmer substrate than the soft, fine-grained sediments underlying the tidally-
affected hollows.

The canopy tree species diversity is generally poor (Rheinhardt 1992). Compared to bottomland
forests where the canopy is closed, the canopy of the swamp forest is relatively open, allowing
sunlight to penetrate to the forest floor (Rheinhardt 1992). Characteristic trees are Acer rubrum
(red maple), Magnolia virginiana (sweet bay magnolia), Fraxinus pennsylvanica (green ash),
and Nyssa sylvatica (tupelo).
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Kiviat (1997) surveyed a grove of Ailanthus altissima (tree of heaven) on the very edge of the
Patuxent River, 50 to 400 m south of the mouth of Two Run Branch. Although the location of
swamp forest is generally between lower elevation communities and upland areas, the A.
altissima had large roots directly in the tidal waters. A. altissima is a hardwood species native to
China that is invasive in disturbed areas and occurs widely along tidal shores from Connecticut
to Maryland (Kiviat 2009). Elsewhere in the upland forests of Jug Bay, efforts to manage and
control the spread of this noxious species are on-going.

The herbaceous and shrub layers of the tidal freshwater swamp forests are very species-rich and
rival the number of species found in some of the most species-rich communities of the temperate
zone, including the Appalachian cove forests and the mixed-mesophytic forests of the
Cumberland Plateau (Rheinhardt 1992). The hummock and hollow topography, the mixed
hydrology due to the microtopography, and the open canopy of this wetland create diverse
micro-site conditions for vegetation. Common shrubs and vines are Lindera benzoin
(spicebush), Viburnum dentatum (arrowwood), Cornus amomum (silky or knob-styled
dogwood), C. foemina (gray dogwood), Parthenocissus quinquefolia (Virginia creeper),
Toxicodendron radicans (poison ivy), Itea virginica (sweet spire ), and Smilax rotundifolia
(greenbriar). Characteristic ground layer species are Onoclea sensibilis (sensitive fern),
Impatiens capensis (spotted jewelweed), Polygonum spp. (knotweeds), and Carex spp. (sedges).
Historical records exist for several rare plant species in the area including the state extirpated
Najas gracillima (thread-like naiad), state extirpated Ranunculus hederaceus (long-stalked
crowfoot), state endangered Gratiola viscidula (short’s hedge-hyssop), state rare/watch list
Carex hyalinolepis (shoreline sedge), and the uncertain state status Vitis cenerea (graybark).
Unconfirmed records also exist for the Sagittaria calycina (spongy lophotocarpus), a state rare
species on the Jug Bay rare plant species list. Surveys for these species have not been conducted
recently, and a thorough effort may reveal that several persist.

Permanent plots were established in 1987 in five forest habitats, including forested swamps to
study succession, climate change, and the impact of invasive species at Jug Bay. Aerial
photographs were used to map the habitat distribution with plots randomly located within the
habitats. Burke and Swarth (1997) found 17 woody species, mostly shrubs, in the swamp forest
habitat. The most numerous woody species were Cornus amomum, Viburnum dentatum, Itea
virginica, and Fraxinus pennsylvanica. These species are native to the region and serve as
excellent sources of cover and food for wildlife. The permanent plot study is ongoing.

3.4.1.7. Other estuarine habitats
Palustrine system

The palustrine system consists of non-tidal, perennial wetlands. Most of these habitats occur on
the floodplains of the various waterways. These wetlands are characterized by emergent
vegetation. This system includes wetlands that are permanently saturated by below-ground
seepage, those that are permanently flooded as well as wetlands that are seasonally or
intermittently flooded. Wetlands are a distinct habitat that can be identified by three
characteristics: plant communities composed of hydrophytes, hydric soils (soils that lack
dissolved oxygen), and by a hydrologic regime that involves some frequency of flooding.
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Shrub swamp wetlands dominated by tall shrubs occur along the shores of some river and creek
areas devoid of tidal flooding. They occur in wet depressions or in transition zones between
marsh and swamp or upland communities. Characteristic shrubs include Viburnum dentatum
(arrowwood), Vaccinium corymbosum (highbush blueberry), Cornus foemina (gray dogwood),
Spirea alba (meadow-sweet), Alnus serrulata (smooth alder), Lindera benzoin (spicebush),
Rhodendendron viscosum (swamp azalea), and Salix nigra (willow). The shrub swamp wetlands
are prime habitat for the state rare and threatened Chelone obliqua (red turtlehead).

Seepage swamps contain larger shrubs and trees as compared to shrub swamp wetlands.
Seepage swamps are extensive networks of seeps and shallow braided streams on gently sloping
wooded terrain. Characteristic plants in seepage swamp habitat include Osmunda cinnamomea
(cinnamon fern), Veratrum viride (false hellebore), Viola cucullata (marsh blue violet),
Viburnum nudum (possum haw), Symplocarpus foetidus (skunk cabbage), and Alnus serrulata
(smooth alder).

Seeps are small wetland areas fed by springs or headwaters of streams that can be geographically
flat or can occur on low-grade slopes. Seeps contain few or no trees. Characteristic plants found
in these wet places include Chrysoplenium americanum (golden saxifrage), Cardamine
pensylvanica (Pennsylvania bittercress), and Ranunculus spetentrionalis (swamp buttercup).

Bottomland forests are characterized by their flood regime; low areas are flooded annually in
spring, and high areas are flooded only irregularly. These woods occur in low-lying areas where
the land is flat and moist. They are found on floodplains along streams or rivers that seasonally
spill over with heavy rains, depositing rich alluvial soils. The trees in this habitat have adapted
to changing levels of soil moisture and the roots can tolerate submergence in water for long
periods of time. The characteristic trees found in the bottomland forests are predominantly
deciduous hardwoods and include Fraxinus pensylvanica (green ash), Acer rubrum (red maple),
Platanus occidentalis (sycamore), and Liriodendron tulipfera (tulip tree). Common shrubs
include Cornus spp. (dogwoods), Carpinus carolinianus (ironwood), Lindera benzoin
(spicebush), and Viburnum spp. (viburnums). Vines include Toxicodendron radicans (poison
ivy), Parthenocissus quinquefolia (Virginia creeper), and Vitis spp. (wild grapes). Common
herbaceous species include Impatiens capensis (jewelweed) and Onoclea sensibilis (sensitive
fern). Invasive exotic herbs may be present including Microstegium vimineum (Asian stiltgass)
and Alliaria petiolata (garlic mustard).

Lacustrine System

The lacustrine system consists of areas of non-flowing, long-standing waters that are not affected
by tides. Ponds are located in depressions or in dammed stream channels. They often have
persistent emergent vegetation along the pond edge and submerged or floating-leaved aquatic
vegetation may grow in areas where sufficient sunlight penetrates the forest canopy.

Eutrophic ponds are small, shallow and are over-enriched in nutrients. The water is often green

due to algal growth and bottom sediments are soft and mucky. Species diversity is typically
high. Littoral and epilimnion species assemblages usually predominate. Characteristic plants
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include Cladophora spp. (algae), Lemna spp. (duckweeds), Azolla caroliniana (mosquito-fern),
Potamogeton spp. (pondweeds), Elodea Canadensis (waterweed). Alnus serrulata (alder), Acer
rubrum (red maple), Viburnum dentatum (viburnum), are also found growing at the edge of these
ponds.

Quarry ponds are created or maintained by humans, or they are modified by human activity.
Several old borrow pits are found adjacent to the upper railroad bed trail in the Jug Bay Wetlands
Sanctuary. These ponds hold water most of the year, but may be almost dry during drought
periods. Most quarry ponds have no outlet. The sides of the ponds are often steep so there is
little shallow shoreline habitat available for plants. Water levels usually fluctuate markedly as a
result of recent precipitation.

3.4.1.8 Marsh Functioning

Freshwater tidal marshes function in nutrient cycling, sediment capture, and as an important
component in the food web. Much research has been done at Jug Bay and surrounding marshes
on these topics, and we will focus on these studies in this section. For a general overview of
marsh functioning, the reader is referred to section 2.4.1.8.

Tidal marshes have an important role in removing nutrients from the water before it travels
downstream. Water overloaded with nitrogen and phosphorus causes blooms of phytoplankton
that create anoxic conditions deleterious to animal and submerged plant life in the water. By
cleansing the nutrients from the water, the freshwater tidal marshes of Jug Bay create a healthier
environment downstream in the Chesapeake Bay. Fertilizers from farmland and residential areas
enter the waterways through run-off during rain events. Highly eutrophic water enters the marsh
system through groundwater and shallow streams and is slowed due to the low topography and
tidal influx. During the hide tide portion of the tidal cycle, water levels rise and flood lower
elevations of the marsh, depositing sediments and providing nutrients that are absorbed into the
soil or consumed by microbes. Garcia et al. (1997) found restored Phragmites marshes to be
nearly 100% efficient at removing nitrogen input into the system during the height of the
growing season. Boumans et al. (2003) studied the effect of the freshwater tidal marsh system at
Jug Bay as well as ten other sites and determined that water quality improved after flowing
through the marsh. Studying Delaware River freshwater tidal marshes, Whigham and Simpson
(1976) found that the high marsh acts as a nutrient sink during the summer months when
productivity is high. In a marsh with a healthy component of plants and microbes, the nutrients
are consumed quickly and the demand remains high, creating a nutrient sink. Khan and Brush
(1994) found higher amounts of nutrients and pollutants from wastewater and agricultural
chemicals in the high marsh than in the low marsh.

Neubauer et al. (2005) studied carbon cycling and greenhouse gas production comparing the tidal
freshwater marshes of Jug Bay to brackish marshes further downstream on the Patuxent. They
found less organic carbon in the soil and more microbial respiration in the soils of the freshwater
marsh. By analyzing seasonal data, they found that plants mediated microbial metabolic
pathways associated with the creation of methane and the reduction of iron. Methane is a gas
produced by methanogenic bacteria present in wetland soils. There is debate about how much
the emission of methane offsets the sequestration of carbon in wetland soils, although there is
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general agreement that the buildup of carbon in vegetation via photosynthesis and in soils via
sediment and litter accumulation is an important sink.

The marshes of the Patuxent and its tributaries help to reduce the amount of sediment carried in
surface waters by slowing the flow of the water and allowing settling of the sediment. Sediments
suspended in the water reduce water quality by obscuring light to submerged vegetation. As
with nutrients, sediments are mainly deposited during high tide when the water reverses its
downstream movement. Pasternak and Brush (2001) found that both the time of the year and
habitat type affected sedimentation and erosion in freshwater tidal marshes on the Bush River.
Sedimentation was highest during the height of the growing season in the floating leaf (low
marsh habitat). The low marsh accumulated the most sediment per year, while the high marsh
lost more sediment than it accumulated in a given year.

The hydrology of the marsh plays an important role in the efficiency of nutrient and sediment
removal. Phemister (2004) studied the importance of the source of groundwater for determining
nutrient and sediment removal in the tidal marsh of Jug Bay Wetlands Sanctuary. She found that
nutrient and sediment deposition is greater in areas of the marsh where the main source of
incoming water is tidal flooding. In this situation, the soils absorb the nutrients and sediments as
the water filters through and/or is removed via evapotranspiration. However, if the main source
of marsh groundwater is an upland aquifer, the tidal water will be less likely to infiltrate the
already-saturated soil, leaving a greater amount of nutrients in the water as it flows back out to
the stream channel.

3.4.2 Upland Vegetation Community
3.4.2.1 Upland forest

The terrestrial forest habitats at Jug Bay are characterized by well-drained soils that are dry to
mesic and vegetative cover that is predominantly mesophytic woody tree species. Hydrophytic
vegetation is not prevalent in these systems although the soil surface in some areas is
occasionally or seasonally flooded. All forest habitat that is not swamp, riparian, or bottomland
is considered upland forest. A very comprehensive list of upland species found at Jug Bay and
can be found in the Jug Bay Wetlands Sanctuary website at
http://lwww.jugbay.org/research/species_lists.

The upland mixed hardwood forest is characterized as having more than 60% canopy cover of
trees. A sparse, medium or dense understory of shrubs may occur. Habitats are well drained and
dry. Areas of mature steady-state forest contain exclusively hardwood species. Characteristic
deciduous hardwood trees include oaks such as Quercus falcate (red oak), Quercus alba (white
oak), and Quercus phellos (willow oak); Carya spp. (hickories); Fagus grandifolia (American
beech); Tulipfera liriodendron (tulip tree); Acer rubrum (red maple); Liquidamber styraciflua
(sweet gum); and llex opaca (holly). Forest areas transitioning from pine forest to hardwoods
contain representative evergreens including Eastern Juniperus virginiana (red cedar), Pinus
virginiana (Virginia pine), and Pinus taeda (loblolly pine).
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The upland pine forest is dominated by conifers that characteristically grow faster than most
hardwoods. Coastal plain forests go through a process of forest growth from old field to pine
forest to hardwood forest. The upland pine forest exists as a transition stage forest, occurring
after the old field stage and before the forest is overtaken by hardwoods. This habitat is well
drained and dry, and Pinus virginiana (Virginia pine) is most common with Pinus taeda (loblolly
pines) occurring in scattered locations.

3.4.2.2 Vernal pools

Vernal pools are natural ponds that form in small, shallow depressions. They are ephemeral,
flooding in spring or after a heavy rainfall and are usually dry during summer. Vernal pools may
fill again in the autumn. They are most commonly found in bottomland forests but can be in
other areas. They typically occupy a closed basin with no outflow. Under flooding conditions,
an intermittent stream may drain them. The substrate is typically dense leaf litter over hydric
(oxygen-poor) soils. Vernal pools are important because they provide a unique habitat for
amphibians, invertebrates, and turtles. The plants of vernal pools are predominantly hydrophytic
with both obligate and facultative species. Floating and submerged plants may be common but
emergent plants are usually sparse or lacking. Characteristic vascular plants include Eleocharis
acicularis (spikerush), Ludwigia palustris (water purslane), and Najas spp. (naiad). Acer rubrum
(red maple), Nyssa sylvatica (sourgum), and Vaccinium spp. may border the pool.

Vernal pools at Jug Bay support a diverse community of amphibians, invertebrates, and reptiles
(Swarth 2003). Frog species including Rana sylvatica (wood frogs) lay their eggs in the water in
spring. In the fall, marbled salamanders migrate by the hundreds to the vernal pools to mate and
lay their eggs.

A vernal pool study was started in 2000 in the Jug Bay Glendening Preserve to monitor the
populations of plant and animal species and keep track of the physical properties of the pools.
Numbers of egg masses of frogs and salamanders are recorded, and larvae are caught by dip
netting and counted. Physical characteristics such as weather conditions, wind, water quality
(dissolved oxygen, conductivity, salinity, water temperature, pH, nutrients, secchi depth, and
total depth), air temperature, and soil temperature are recorded. By collecting this data, estimates
of populations can be made and physical and species data can be compared from year to year.

3.4.2.3 Other upland habitats

There are six other distinctive upland habitats at Jug Bay. These habitats are all considered open
habitats that lack tree cover. One habitat remains open due to poor growing conditions for
vegetation, with the remaining five maintained as open habitats.

An excavation site for old sand mines occurs in the northwest corner of the Jug Bay Wetlands
Sanctuary on the Wade property. The open habitat resulting from the creation of the sand mines
is exposed deep sandy soils. Droege et al. (2009) found a unique flora and fauna associated with
this “micro-desert” habitat. The community occurs as a remnant patch with rare species of plants
and insects (beetles and bees) restricted to the habitat whose closest populations are sometimes
hundreds of kilometers away. Droege et al. (2009) impress the importance of conservation of
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this area and stress that, in the absence of rare vertebrate species, a combination of plant and
insect inventories is needed to clarify a site’s importance.

Old field habitat — a meadow with shrub patches — is found in several areas. Old fields are
abandoned open lands that were cleared of trees and were once in constant use for cultivation
and pasture. Over time they have undergone succession from field to shrub to tree-dominated
communities. Old field habitat near the Jug Bay Wetlands Sanctuary visitor center is prevented
from progression to demonstrate this successional community. Characteristic shrubs include
Rhus copallina (winged sumac), Sassafras albidum (sassafras), and Toxicodendron radicans
(poison ivy). Herbs include Solidago spp. (goldenrods), Oenothera biennis (common evening
primrose), Daucus corota (Queen-Anne’s lace), Ambrosia artemisiifolia (ragweed) and
Actinomeris alternifolia (wingstem).

Managed meadows are open places that are free from encroaching woody vegetation, either
because they are deliberately burned or mowed, or because they have thin, nutrient-deficient
soils. Native and non-native herbaceous plants and grasses dominate these habitats. At Jug Bay,
several meadows are specifically managed for wildlife. Characteristic plants include
Andropogon gerardi (big bluestem), Andropogon scoparius (little blue stem), Asclepias spp.
(milkweeds), Solidago spp. (goldenrod), Ambrosia artemisiifolia (ragweed), Opunta humifusa
(prickly pear), and Monarda punctata (horsemint).

Vegetable, crop plant, flower and herb gardens at Jug Bay include the cultivated lands at
Aquasco Farm, the South County Community Garden at River Farm and the old native plant
garden near the Jug Bay Wetlands Sanctuary center. These gardens were created specifically for
the production of crops, vegetables, and herbs and for the display of individual representative
native plants. Aquasco Farm agriculture demonstrates sustainable farming practices.

An abandoned railroad bed runs for about 1.5 miles through the sanctuary dividing the marsh
into the north Glebe marsh and the south Glebe marsh. The addition of fill materials into the
marsh to create the track bed caused a shift in vegetation to open upland habitat along the length
of the track bed. It is characterized by hard packed, well-drained soil which was built up
expressly for the need for a solid, unmovable sub-surface. The surface consists largely of small
metallic pebbles (“clinkers”) which are the unburned residue from the coal that was used as
engine fuel. Common flowers along the edge of the bed include Arabis lyrata (lyre-leaved
rockcress) and Lepidium virginicum (wild peppergrass).

The Jug Bay component contains a small amount of land that has been cleared by lawn mower or
by brush-hog. Examples include the lawn and other open areas around the Jug Bay Wetlands
Sanctuary center, areas around the outdoor exhibits at Patuxent River Park, and near the barns
and houses at the Reserve and the River Farm. Several cleared areas also occur along some
hiking trails. Wiregrass dominates most of the lawn areas.

3.4.3 Microbiological Components

Microbial activity within marsh sediment is necessary for material and nutrient cycling within an
estuary. Microbes are crucial for nitrogen cycling. In the soil, both aerobic and anaerobic
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bacteria decompose dead plant material or detritus resulting from plant production. Vascular
plant detritus is rich in indigestible fibers such as lignin or cellulous. Microbes have the ability
to turn the indigestible fibers into digestible carbohydrates for detritus feeders (Mann 2000). The
breakdown of dead plant material by microbes is also a key contributor to the accumulation of
organic matter and the build-up of marsh surfaces in estuarine environments. In deeper portions
of the marsh, anaerobic bacteria break down organic matter into ammonium, hydrogen sulfide,
methane, and other products.

Some bacteria cause disease in humans and are classified as pathogenic bacteria. In estuarine
environments, shellfish are vectors for human disease and other pathogens because pathogenic
bacteria living in the water column are filtered through shellfish tissues. Pathogenic bacteria
result from human and animal feces; therefore, it is necessary to monitor fecal pollution sources
in shoreline areas where shellfish are grown and harvested due to the public health risks
associated with the consumption of contaminated shellfish. Microbial contamination is closely
related to population growth and development, rainfall events, storm water runoff, and river
flows. Fecal coliform bacteria are used as indicator organisms to quantify the presence of
pathogenic bacteria. Fecal coliform bacteria enter rivers through direct discharge of waste from
point and non-point sources, including: agricultural and storm runoff, mammal and bird feces,
and human sewage (Glasoe and Christy 2004). In the late 1990s and early 2000s, specific water
quality regulations were established through total maximum daily loads (TMDLS) due to
contamination by nutrients and sediments, including fecal coliform bacteria. As a result, many
creeks in the Lower Patuxent River Basin on the western and southwestern shoreline of the
Patuxent River are restricted shellfish harvesting waters (MDE 2005).

During the summer of 2010, the Calvert County Health Department posted advisories for the
presence of the bacteria, Vibrio vulnificus, at public beaches and boat ramps near Broome’s
Island. As of mid-August, 24 Vibrio infections were reported while 30 infections are reported on
average each year (Broom 2010). The presence of non-cholera, Vibrio, infections have increased
in recent years due to the combination of increased water temperatures and salinity. Most
infections are associated with the consumption of contaminated shellfish or from the exposure of
open skin to warm salt water (Calvert County Health Department 2010).

3.4.4 Plankton
3.4.4.1 Phytoplankton

Phytoplankton are microscopic, free-floating primary producers in aquatic systems and are the
basis of most aquatic food chains. They are a major food source to many organisms which in
turn are prey to organisms of higher trophic levels. Phytoplankton communities are structured
by salinity, temperature, light, and nutrient availability. Excess nutrients and light in an aquatic
system provide favorable growth conditions for phytoplankton; rapid increases in phytoplankton
abundance result in algal blooms (Jug Bay Wetlands Sanctuary 2010). Several species, if found
in high concentrations, are toxic and cause serious health issues.

Little information was known about phytoplankton species specific to the Jug Bay area prior to
the 2007 Jug Bay Wetlands Sanctuary Bioblitz of 2007 (Swarth et al. 2008). During the
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BioBlitz, plankton was collected at the River Pier for three hours by staff and volunteers.
Representatives of the Bacillariophyta (diatoms) and Dinoflagellata (dinoflagellate)

phytoplankton groups were observed, specifically Nitzchia spp. and Gymnodinium spp. (Figure

3.4.15).

Nitzchia hungarica

Gymnodinium spp.

Photo credit: Smithsonian Environmental Research Center Phytoplankton Guide.

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

In 2001, NOAA designated a volunteer monitoring program called the Phytoplankton
Monitoring Network to increase public awareness of local waters. The Jug Bay Wetlands

Sanctuary became involved with the program in 2009. Data collected for this monitoring effort
are focused more on qualitative information, rather than quantitative, as exact volumes of water
are not quantified. The objectives of the monitoring effort are to understand the changes in the

phytoplankton community throughout the year as light and temperature values shift.
Phytoplankton communities were sampled from the Jug Bay Railroad Bridge (38.78127, -

76.71368) twice a month beginning in August of 2009. Since 2009, 26 known genera have been
found off of the Jug Bay Railroad Bridge sampling site (Table 3.4.2). To become involved in the
Phytoplankton Monitoring efforts at Jug Bay Wetlands Sanctuary, visit the Jug Bay website at

www.jugbay.org/volunteer.
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Table 3.4.2 Representative phytoplankton genera found at the Jug Bay component, Jug Bay Railroad Bed
sampling site (Unpublished data, courtesy of Kathy Ellett and Elaine Friebele).

Chlorophyta

Chrysophyta

Cyanobacteria

Bacillariophyta | (Green Algae) | (Golden Algae) | (Blue-green Dinoflagellata
(Diatoms) Algae) (Dinoflagellates)
Bacillaria Actinastrum Dinobryon Anabaena Ceratium

Coscinodiscus Closterium Mallomonas Microcystis Unknown
dinoflagellate
Cymbella Pandorina

Grammatophora Pediastrum
Guinardia Scenedesmus
Licmophora Selenastrum
Melosira Spirogyra
Navicula Volvox
Nitzschia
Pleurosygna/

Gyrosigma
Pinnularia
Synedra
Thallasotrix

Bacillariophyta (diatoms) are the most well represented group at Jug Bay with 13 identified
species followed by Chlorophyta (green algae) with eight identified species. Other groups
include Chrysophyta (golden algae) and Cyanobacteria (formerly, the blue-green algae) with two
species and Dinoflagellata (dinoflagellates). According to the data available through the
Phytoplankton Monitoring Network (http://chesapeakebay.noaa.gov/community-generated-
observations/phytoplankton-monitoring-network), Bacillaria, Coscinodiscus, Melosira, Navicula

are found most frequently at Jug Bay (Figure 3.4.16.).
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Coscinodiscus spp. Navicula spp. Melosira varians

Photo credit: Smithsonian Environmental Research Center Phytoplankton Guide.

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.

Some other monitoring efforts of the phytoplankton communities within the Chesapeake Bay and
tidal tributaries are those conducted by the Chesapeake Bay Program and the Maryland
Department of Natural Resources. Numerous stations around the state have been sampled since
1995. Data and additional information regarding these programs can be accessed at:
http://www.chesapeakebay.net/data_plankton.aspx and
http://www.dnr.state.md.us/bay/monitoring/phyto/index.html, respectively.

There are no monitoring stations within the Jug Bay Reserve; however, there are stations located

downstream in the Patuxent River. The Nottingham station (38.71012 -76.7014) is located in the
mid-channel of the Patuxent and is characterized as oligohaline (Figure 3.4.17).
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Figure 3.4.17 Map showing the Jug Bay River Pier (white) and Nottingham (light blue) plankton
monitoring sites.

From 1995 to 2002, the phytoplankton community at Nottingham was dominated by diatoms
with the occasional presence of cyanobacteria and pigmented flagellates. From 2003 to 2011
(present), data collection, analysis, and interpretation was graphed as family presence rather than
common name. Therefore, from 2003 to 2011, bacillariophyceae (diatoms) are the most
abundant, similarly to 1995 through 2002. Furthermore, unidentified flagellates and
chlorophyceae are occasionally present. Cyanophyaceae were found from 2006 through 2011
(http://lwww.dnr.state.md.us/bay/monitoring/phyto/data/pxt.html).

3.4.4.2 Zooplankton

Zooplankton are a diverse group of small aquatic invertebrates, which are typically heterotrophic
and sometimes detritivorous. Holoplankton spend their entire life cycle as plankton and act as
the middle step between trophic levels. Holoplankton prey upon phytoplankton and bacteria at
the bottom of the food chain; they in turn are preyed upon by species at higher trophic levels,
such as fish and their larvae (Mann 2000). Commercially important species of oysters, clams,
and crabs are also included within the zooplankton community because they spend a portion of
their life cycle in free-floating larval stages and are called meroplankton.

Zooplankton communities were quantified at the 2007 Jug Bay Wetlands Sanctuary BioBlitz.
Representatives of three different groups of zooplankton, including rotifers, crustaceans, and
protozoa, were collected at the Jug Bay River Pier (Kathy Ellett personal observation; Swarth et
al. 2008). Species found were Brachionus spp., copepod and flagellate species (Figure 3.4.18).
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Through plankton research done by staff and volunteers from the sanctuary, a total of 30 known
species of zooplankton have been identified (Table 3.4.3).

Brachionus calyciflorus Copepod nauplii

Photo credit: Smithsonian Environmental Research Center Phytoplankton Guide.

Figure 3.4.18 Zooplankton species observed during the Jug Bay Wetlands Sanctuary Bioblitz of 2007
(Swarth et al. 2008).

Table 3.4.3 Zooplankton found in the tidal Patuxent River at Jug Bay (Source: www.jugbay.org).

Rotifers Protozoa Others
Ascomorpha Arcella Cyclopoid nauplii
Anuraeopsis Codenella Copepod
Asplanchna Codonellopsis Cladocera
Brachionus Difflugia Tartigrada

Euclanis Euplotes Nematode

Filinia Helizoa Ostracoda

Hexarthra Hypotrich
Kellicottia Tintinnids
Keratella Unknown

Lanicularia flosculosa

Lecane

Monostyla

Notholca

Polyarthra

Synchaeta

Trichocera

Unknown
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The Chesapeake Bay Program and the Maryland Department of Natural Resources (Maryland
DNR) monitor the zooplankton communities within the Chesapeake Bay and tidal tributaries.
Maryland DNR established twelve study sites in 1985 within the Choptank, Potomac and
Patuxent Rivers. Currently, there are four sampling stations located in the Patuxent River, all
south of the Reserve (Figure 3.4.19). Data analyzed from 1985 through 2000 yielded an annual
increase in zooplankton density in the upper Patuxent River. Furthermore, zooplankton serve as
food sources for larval striped bass and optimal levels of zooplankton were observed in the
Patuxent River beginning in 1994 (Maryland DNR 2002).
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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.

3.4.5 Benthic Macroinvertebrates

The benthic macroinvertebrate community of Jug Bay streams has been studied by volunteers
and professionals. The Jug Bay Wetlands Sanctuary (JBWS) has a volunteer-based

macroinvertebrate sampling program under their Watershed Stream Study. The program was
established in 2009 to monitor three streams (Galloway Creek, Two Run Branch, and Pindell
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Branch) that flow through JBWS to the Patuxent River. Several times throughout the year,
volunteers and staff collect in the field and identify macroinvertebrates in the laboratory.

The JBWS and Patuxent River Park (PRP) held a Bioblitz in 2007 and 2009, respectively. A

Bioblitz is a continuous 24 hour plant and animal survey and inventory guided by professionals.

Jug Bay Wetlands Santuary reported species of five earthworms and three species of isopods.

Patuxent River Park reported nine species of earthworms, four isopods, and 21 odonata among
many other organisms recorded that day. Their combined Bioblitz findings of
macroinvertebrates are displayed in Table 3.4.4.

Table 3.4.4 Partial species list of macroinvertebrate fauna collected during the 2007 Jug Bay Wetlands

Sanctuary and 2009 Patuxent River Park Bioblitzes. Information source: Patuxent River Park Bioblitz

2009 report, Jug Bay Wetlands Sanctuary Bioblitz 2007 report.

Phylum Family Species Common Names
Annelida Lumbricidae Amynthas hilgendorfi Asian earthworm
Aporrectodea caliginosa | Grey worm
Bimastos tumidus European nightcrawler
Dendrobaena octaedra Octagonal-tail worm
Dipolcardia patuxentis
Eisenia fetida [foetida] Redworm
Eisenoides l6nnbergi
Lumbricus rubellus Red earthworm
Lumbricus terrestris Nightcrawler
Octolasion lacteum
Megascolecidae | Amynthas corticus
Arthropoda | Asellidae Sow bugs
Gammaridae Scuds
Calopterygidae Broad-winged
damselflies
Cordulegastridae Spiketails

Gomphidae Clubtail dragonflies
Capniidae Small winter stonefly
Corydalidae Dobson flies/fish flies
Sialidae Alderflies

Elmidae Riffle beetles
Gyrinidae Whirlygig beetles
Haliplidae Crawling water beetles
Scirtidae Marsh beetles
Limnephilidae Northern caddisflies

Leptoceridae

Long-horn caddisflies

Ceratopogonidae Biting midge
Chironomidae Non-biting midges
Tipulidae Crane flies
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The Maryland DNR, Maryland Biological Stream Survey (MBSS) has also studied the local
streams. The main objectives of this study (Stranko et al. 2007) were to (1) characterize the
ecological condition of the major tributary sub-watersheds that feed into Jug Bay;

(2) identify likely sources and locations of stressors to streams in the area; and (3) examine the
efficacy of restoration work conducted in non-tidal portions of the watershed.

Stream ecological condition, as measured by fish and benthic macroinvertebrate index of biotic
integrity (IB1) scores, ranged from 1.0 (the lowest possible score) to 5.0 (the highest possible
score) at all nontidal sites. High ecological conditions, based on good IBI scores (>4.0) for fish
or macroinvertebrates, were observed in 14 streams. Fifteen streams had low biological integrity,
based on poor IBI scores (<3.0) for fish or benthic macroinvertebrates. Many streams had both
poor and good conditions in different sections of the same stream or had poor scores for one
biological indicator (e.g. the fish Index of Biotic Integrity) and good scores for the other
indicator (Stranko et al., 2007). Benthic IBI scores for sites sampled in tributaries to the Jug Bay
component of CBNERR-MD were taken from Stranko et al. (2007; Figure 3.4.20).
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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).

Overall, no significant differences in macroinvertebrates were evident between “in” and “out”
sites (“in” and *“out” are sites within and outside the boundaries of the Jug Bay component for
the catchment of three streams: Two-Run Branch, Pindell Branch, and Swan Point Creek).
Benthic macroinvertebrate taxa richness, a simple measure of diversity and one of the metrics
used to calculate the BIBI, was comparable for “in” and “out” sites combined and along each
stream (Figure 3.4.21; mean for “in” and *“out” sites was 23 and 25, respectively). “In” sites were
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dominated by chironomid (non-biting midge) larvae in the genera Microspectra, Tanytarsus, and
Orthocladius. Chironomids are, as a group, tolerant to pollution. Freshwater clams in the family
Sphaeridae, and oligocheate worms in the family Tubificidae were also dominant among the “in”
sites. “Out” sites were dominated by chironomid genera such as Chaetocladius, Tanytarsus,
Microspectra, and Orthocladius. Two of the “out” sites - the unnamed tributary to the south on
Swan Point Creek (PAXM-112-X-2006) and Mataponi Creek (PAXM-221-X-2006) — were
dominated by stoneflies in the genera Isoperla and Amphinemura, respectively. Stoneflies, as a
group, are typically pollution sensitive. Fewer stonefly taxa and individuals were found among
“in” sites relative to “out” sites. These findings suggest that the benthic macroinvertebrate
communities of “out” sites may be slightly less ecologically impaired than “in” sites and likely
reflect conditions that result from relatively acidic, highly embedded streams found in the
Reserve area and less acidic, less embedded streams found upstream, and outside the resource
area.
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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).
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3.4.6 Fish, Reptiles, and Amphibians
3.4.6.1 Fish

Many fish use the waters and wetlands at Jug Bay for spawning, feeding, and shelter. The
various wetland locations and low salinity make this area a very habitable environment.
Important and diverse habitats include the shallow, sloping tidal shoreline that is vegetated in
some areas and devoid of vegetation in others; the non-tidal creeks with riffles and pools that are
shaded or in the open sun; permanent and temporary ponds with areas of deep and shallow water;
and deep channel open water areas. When the tide is high, fish have access to a great expanse of
flooded mudflats in the marsh. When the tide is low, the fish retreat to areas that are
permanently flooded such as the open channels.

There are no known indicator fish species for tidal freshwater wetlands. Three categories make
up the fish community in tidal freshwater systems: year-round freshwater residents, estuarine
residents, and migratory species. Odum et al. (1984) reported that by far the largest group to
occupy such areas is freshwater fish. The freshwater residents at Jug Bay include Hybognathus
regius and Pimephales promelas (minnows), Notemigonus crysoleucas and Notropis spp.
(shiners), Enneacanthus gloriosus (sunfish), Pomoxis spp. (crappies), and Ictalurus punctatus
(catfish). Estuarine fish that live as year-round residents include Fundulus diaphanous (banded
killifish), Fundulus heteroclitus (mummichogs), and Trinectes maculates (hogchokers).

Two types of migratory fish inhabit the waters of Jug Bay. Anadromous species spend the
majority of their lives in the ocean and return to the freshwater and brackish environments of the
bay and its tributaries each spring to spawn. Catadromous species, on the other hand, spend
most of their life in the freshwater environment and return to the ocean to spawn. In these cases,
the tidal freshwater wetlands are relied upon heavily for part of their life cycle (Mitsch and
Gosselink 2000). Alosa sapidissima (American shad), Morone saxatilis (striped bass or
rockfish), Alosa pseudoharengus (alewife), Dorosoma cepedianum (gizzard shad), and
Leiostomus xanthurus (spot) are the anadromous fish inhabiting Jug Bay (Rodney 1990).
Anguilla rostrata (American eel) is the one representative of catadromous species in the Jug Bay
waters (Rodney 1990).

Forty five species of fish have been collected in the wetlands and open waters of the Jug Bay
component. These represent 16 different families. The predominant species are Fundulus
heteroclitus (mummichog), Menidia beryllina (inland silverside), Alosa pseudoharengus
(alewife), Fundulus diaphanous (banded killifish), Morone Americana (white perch), Notropis
hudsonius (spottail shiner), Anchoa mitchilli (bay anchovy), Etheostoma olmstedi (tesselated
darter), Notemigonus crysoleucas (golden shiner), Erimyzon oblongus (creek chubsucker),
Lepomis macrochirus (bluegill sunfish), Cyprinella analostana (satinfin shiner), and Gambusia
holbrooki (mosquitofish). Table 3.4.5 lists the fish families and species present along with
common names found at Jug Bay. Habitat data in Table 3.4.5 was collected over a 10-year
period of fish surveys at JBWS (Molines and Swarth 1996). A comprehensive list of fish species
found at Jug Bay can be found in the Jug Bay Wetlands Sanctuary website at
http://lwww.jugbay.org/research/species_lists.
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Table 3.4.5 Fish species found within the Jug Bay Wetlands Sanctuary and adjacent Patuxent River

estuary. Species were classified in four categories: | = Introduced, T=Tidal, N=Non-tidal, A= Tidal and

Non-tidal Habitats. Source: Molines and Swarth (1996).

Family

Anguillidae
Atherinidae
Catostomidae
Catostomidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Centrarchidae
Clupeidae
Clupeidae
Clupeidae
Clupeidae
Clupeidae
Clupeidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinodontidae
Cyprinodontidae
Engraulidae
Esocidae
Ictaluridae
Ictaluridae
Moronidae
Moronidae
Percidae
Percidae
Petromyzontidae
Poeciliidae
Sciaenidae
Soleidae
Umbridae

Common Name

American eel
Inland silverside
White sucker
Creek chubsucker
Bluespotted sunfish
Pumpkinseed
Bluegill
Smallmouth bass
Largemouth bass
White crappie
Black crappie
Alewife

American shad
Blueback herring
Hickory shad
Menhaden
Gizzard shad
Goldfish

Rosyside dace
Satinfin shiner
Common carp
Eastern silvery minnow
Golden shiner
Spottail shiner
Swallowtail shiner
Fathead minnow
Blacknose dace
Creek chub
Fallfish

Banded killifish
Mummichog

Bay anchovy
Redfin pickerel
Brown bullhead
Channel catfish
White perch
Striped bass
Tessellated darter
Yellow perch
Least brook lamprey
Mosquitofish

Spot

Hogchoker
Eastern mudminnow

Scientific Name

Anguilla rostrata
Menidia beryllina
Catostomus commersoni
Erimyzon oblongus
Enneacanthus gloriosus
Lepomis gibbosus
Lepomis macrochirus
Micropterus dolomieu
Micropterus salmoides
Pomoxis annularis
Pomoxis nigromaculatus
Alosa pseudoharengus
Alosa sapidissima
Alosa aestivalis

Alosa mediocris
Brevoortia tyrannus
Dorosoma cepedianum
Carassius auratus
Clinostomus funduloides
Cyprinella analostana
Cyprinus carpio
Hybognathus regius
Notemigonus crysoleucas
Notropis hudsonius
Notropis procne
Pimephales promelas
Rhinichthys atratulus
Semotilus atromaculatus
Semotilus corporalis
Fundulus diaphanous
Fundulus heteroclitus
Anchoa mitchilli

Esox americanus
Ameiurus nebulosus
Ictalurus punctatus
Morone americana
Morone saxatilis
Etheostoma olmstedi
Perca flavescens
Lampetra aepyptera
Gambusia holbrooki
Leiostomus xanthurus
Trinectes maculates
Umbra pygmaea

Category
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The first study of fish in the Patuxent River was conducted from 1948-1950 by Romeo
Mansueti, a Master’s student at the University of Maryland. Since then, much research has
focused on the distribution and ecology of Patuxent River fishes. Studies by federal agencies
such as Fish and Wildlife Service, National Fisheries Research Center, United States Geological
Service, and Environmental Protection Agency; state agencies such as Department of Natural
Resources and the University of Maryland Center for Environmental Science; academic
institutions such as University of Maryland; county government agencies; and local programs at
Jug Bay Wetlands Sanctuary (JBWS) and Patuxent River Park all have important information of
the fish of this area.

The JBWS fish survey is a volunteer-led monitoring program that was created to study the fish of
the tidal Patuxent River, the non-tidal creeks, and permanent and temporary ponds. Differences
in fish species diversity and abundance are documented among the different habitats and
throughout the years of the study. Age and size classes of fish are also recorded. The following
activities are conducted during monitoring: fish are captured using seines and nets, fish are
identified using keys and field guides, fish are measured, and fish are released. Data from the
survey indicates that the most common species of the open waters of the Patuxent include
Fundulus heteroclitus (mummichogs), Fundulus diaphanous (banded killifish), Morone
americana (white perch), and Notropis hudsonius (spottail shiners). Some species are exclusive
to the river waters including Carassius auratus (goldfish), Pimephales promelas (fathead
minnows), Alosa sapidissima (American shad), A