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Abstract

Vegetation composition of tidal marshes plays an important rote in
Chesapeake Bay wetlands. In general, plants provide wildlife habitat, help water
quality, provide erosion and flood control, and are important as a carbon-based food
source. Since different plants may provide different functions, change in the
composition of the vegetation may alter the function that a particular wetland may
provide an estuarine ecosystem. Management objectives of wetlands are oriented
toward protecting the functions of a wetland valuable to our society. Since little is
known of the probability of occurrence, cause or extent of these vegetation changes,
or the role they may play in estuarine wetland functions, management planning for
these areas becomes difficult. A long-term study is underway to quantitatively
assess changes in vegetation patterns in the tidal wetlands of the Chesapeake Bay.
Changes in each site can then be quantified and used to indicate long-term trends
by comparing year-to-year data. By better understanding long-term vegetation
trends, long-term management planning may become possible.

Introduction

Wetlands are valued for the functional roles they play in providing wildlife
nesting, breeding and foraging habitat, in water quality and flood control processes,
and as shoreline erosion buffers.Which function(s) and/orvalue(s) a wetland serves
depends on several factors, including vegetative structure. In part, the functions and
values of a wetland are tied directly to the types, numbers and distribution of plant
species within that wetland, i.e., the vegetation pattern of that wetland. For example,
the foraging, nesting and breeding potential of a forested wetland differs from that of
a saltmarsh due, in part, to the different plant species dominating the systems.
Similarly, the ability of a saltmarsh to buffer shoreline erosion differs from that of a
tidal freshwater marsh due to the herbaceous habit of the dominant species of the
latter (Odum et al., 1984; Odum, 1988). Therefore, a large number of wetlands with
varying vegetative structure is necessary to maintain the number and types of func
tions and values provided by wetlands to a watershed.

Tidal wetlands of the Chesapeake Bay, our nation's largest estuary, are
distributed along both tidal and salinity gradients within the Bay. The vegetation
pattern of an individual wetland depends on its location along these gradients. Tidal
and salinity gradients vary both spatially and temporally {Environmental Protection
Agency (EPA), 1987; Perry, 1991). These gradients produce a large number of
diverse habitats, which, in turn, are vegetated by a diverse array of vegetation.

Spatial and temporal changes in the distribution and relationship of plant
species become important when considering such long-term processes as sea level
rise, hydrologic and salinity alterations (e.g., through reservoir construction), and
groundwater removal. All could alter the functions and/or values provided by
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impacted wetland areas. Thus, to Effectively manage our resources, it is important
that we have a working knowledge of these vegetation changes.

In 1991 we began a vegetation analysis of the tidal wetlands of the York
River components of the Chesapeake Bay National Estuarine Research Reserve in
Virginia. The work will be continued over the next several years to determine and
describe yearly quantitative vegetation data. Analysis of the data will provide
seasonal, yearly, and long term changes in the vegetation patterns of four wetland
systems distributed along a salinity gradient. The purpose of our research is to
determine and quantify spatial and temporal changes that may occur within the
vegetation patterns of the Reserve sites. The purpose of this manuscript is to
discuss the importance of this research as it may pertain to policy and management
of wetland resources.

Site Description

The York River component of the Reserve comprises four sites (Figure 1).
Each site is located within a different salinity regime of the York and Pamunkey
rivers (U.S. Dept. Comm., 1991). All sites have approximately the same tide range
(one meter) (U.S. Dept. Comm., 1987).

High-salinity conditions are represented by the Goodwin Islands, the
southernmost of the York River Reserve sites. The islands are marine sand deposits
formed through beach deposition during a late Pleistocene sea level regression. The
wetlands used for this study were dominated by Spartina spp. and were inundated
by semidiurnal (twice daily) tides that have a salinity of 18 to 22 parts per thousand
(PP»).

The Catlett Islands Reserve site are located approximately 14.4 kilometers
(9 nmi) upstream of the Goodwin Islands and represent mesohaline conditions (8 to
18 parts ppt) in the river. They have the same ontogeny as the Goodwin Islands.
Mixed secondary pine-hardwood forest dominates the high relief zones and
mesohaline Spartina spp. and Juncus roemerianus saltmarsh dominate the wetland
areas.

Taskinas Creek is located 32 kilometers (20 nmi) upstream of the Goodwin
Islands. The site represents the transitional area of the York River (EPA, 1983) with
a salinityof 3 to 13 ppt. The wetland consists of a mosaic of plant assemblages that
grade from brackish-water-dominated assemblages in lower reaches to freshwater-
dominated assemblages in the headwater area.

Sweet Hall Marsh is a tidal freshwater marsh located on the Pamunkey
River. It is approximately 62.4 kilometers (39 nmi) upstream of the mouth of the York
River and has a salinity regime of 0 to 0.5 ppt. Classified as a point marsh, the
entire marsh system is dominated by broadleaved herbaceous or graminoid plant
species (Doumlele, 1981).

Methods

Transects were established within the wetlands of each site. The number of
transects needed in each site was determined by the number of assemblages and
their distribution within the site. Assemblages were identified by ground-truthing
existing aerial photographs.
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Speciesdominance and frequency data were collected from 1mx 1mplots
arranged at 10-meter intervals along the transects in the summer of 1990. Cover
data were recorded inthe field and transposed to midclass ranges (Mueller-Dombois
and Ellenberg, 1974) for data analysis. Density counts were made in 1/4m x 1/4m
plots systematically arranged in one comer of the cover plots. The adequacy of
samplesize was tested with a running mean analysis for each site (Mueller-Dombois
and Ellenberg, 1974).

Species importance values (IV), the sum of the calculated relative
frequency, relative density, and relative dominance, (Curtis and Mcintosh, 1950;
Phillips, 1959; Mueller-Dombois and Ellenberg, 1974), were used to calculate the
dominant species at each site. Species diversity for each site was calculated using
the Shannon-Weaver index (Shannon and Weaver, 1949). Datawere collected from
mid-July to September 1990.

Results and Discussion

Salt-tolerant species dominated the Goodwin Islands, the Catlett Islands
and Taskinas Creek (Table 1). Salt-tolerant species were poorly represented in
Sweet Hall Marsh. Sweet Hall Marsh had the highest diversity of the four sites. The
Goodwin Islands, with their large number of halophytes, were next followed by
Taskinas Creek and the Catlett Islands.

The tidal marsh vegetation communities of the York and Pamunkey rivers
can bedivided into three components: halophytic, brackish and freshwater. The high
diversity ofthe Goodwin Islands, the most saline site in the study, may be dueto the
presence of both the halophytic flora and the brackish flora. The halophytic flora did
not occur or occurred in only very small numbers in the other sites. Brackish flora
dominated the Catlett Islands andTaskinas Creek and wasalsopresent on both the
Goodwin Islands and Sweet Hall Marsh sites. The freshwater flora component was
found only in Sweet Hall Marsh. Since the Catlett Islands and Taskinas Creek
contain onlythe brackish floral component and the other two sites constituents of at
least two of the components, the diversities of the sites were low in comparison.

The change from brackish to freshwater flora occurs along a very short
reach of the river between Taskinas Creek and Sweet Hall Marsh (personal
observations). The rapid change mayindicate a threshold effect in distribution of the
brackish and freshwater flora.

Vegetation Changes. The changes that can occur in Chesapeake Bay tidal
wetlands can bedue toyearly variation in population dynamics of the macrophytes;
long-term variation in environmental parameters ofthe ecosystem; or a combination
of the two. It is not known if yearly variation within a system could produce
statistically significant differences in vegetation patterns ofa wetland system as was
found in this study.

Results from previous work in Sweet Hall Marsh (Perry, 1991) indicate that
there was a noticeable difference in the distribution patterns ofperennial vs. annual
plants. In addition, while the species diversity of Sweet Hall Marsh did not change
significantly after a 13-year period, the species components ofthediversity index did
change significantly (Perry, 1991). Annuals were more variable in their distribution
dynamics than the perennials in the study. Since annuals are reliant upon open
habitat at the time of germination, they can be considered the "opportunistic."
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strategist of the marsh. Perry concluded that yearly variation in distribution may be
normal and the value of annuals as indicators of trends would be suspect.
Perennials, on the other hand, would tend to stay in place. A temporal change in the
distribution of a perennial could be seen as indicative of changes in the surrounding
environment. In particular, Perry noted the increased importance in the salt-tolerant
perennial tall cordgrass (Spartina cynosuroides) and hypothesized that an increase
in the importance value of tall cordgrass over 13 years could indicate a shift in
dominance within the vegetation pattern to salt-tolerant species.

Needless to say, the amount of time a species takes to react to changes
would depend upon the degree ofchange and the adaptability of the species. Future
work should be oriented toward investigating the response of perennial species to
small changes in environmental parameters, particularly changes in salinity and
inundation periodicity.

Salinity Stress. Salinity increases in an estuary can be caused by
decreasing the dilution effect of freshwater input by decreasing the amount of fresh
water that reaches the estuary. This increase is usually caused by natural (e.g.,
drought) and/or man-made processes (e.g., interbasin water transfer or dam
constructionon riverine tributaries (usually forwater supply reservoirs)).

As fresh water enters an estuarine system, the salinity gradient of the
estuarymoves downstream (Knauss, 1978; Bradshaw and Kuo, 1987). However, as
indicated in this study, this relationship is not always obvious. Even though rainfall in
the watershed that includes Sweet Hall Marsh is highest in the summer (Brooks,
1983), salinity reaches its peakduring the same time period (Perry, 1991).

The distance upstream that salinity stresses wetland vegetation is a
function of basin volume and freshwater runoff. If a basin were to increase in size
and/or if the runoff were to decline, the tidal volume would increase and, therefore,
more salt water would enter the estuary. The net effect would be an increase in the
reach of salinity stress farther upstream (Knauss, 1978). If the basin were to
decrease in size and/or If the runoff volume were to increase, the effects of salt
would not be observed as far upstream.

Changes in the basin size ofan estuary may be brought about by eustatic
sea level rise, isotectonic effects, and/or local events (groundwater withdrawal).
Together, these three parameters control the relative sea level of the site to the
extent they exceed sedimentation rates within the aquatic portion of the basin. Any
change in these three parameters leading to an increase in the elevation of relative
sea level, would increase the volume of water entering the basin and, therefore,
increase the upstream reach ofsalinity. Research in the Chesapeake Bay indicates
that relative sea level is rising (Hicks, 1972; Froomer, 1980). Thus, one would
hypothesize that the salinity inthe Sweet Hall Marsh area is increasing.

Vegetation Response to Salinity Stress. Plant cells cope with increasing
salinity stress (i.e., increases in the salt concentration of the water column and/or
soil) via osmosis (the active transport of water by a plant through a permeable cell
wall). In the event of an increase in exposure to salt water, there is net loss of
interstitial water from the plant to the outside environment. In macrophytes which
have large amounts ofparenchyma cells (thin-walled cells) an increase in the salinity
stress could lead to a rapid desiccation and loss of turgor due to the loss of large
amounts of water across the thin walls.
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On the other hand, water loss would be minimized by plants that have a
large number of cells with thickened cell walls. The thicker walls decrease direct
contact between the living plant tissue and high concentration solute.

This could explain, in part, the dominance during the early growing season
(time of low salinities) in tidal freshwater marshes by arrow arum (Pettandra virgini-
ca), a thin-cell-walled macrophyte, and the shift during the mid to late growing
season (times of higher salinities) to thicker-walled species such as rice cut grass
(Leersia oryzoides) and/or tall cordgrass (Spartina cynosuroides). The latter contain
large numbers of collenchyma and sclerenchyma cells (thick-walled cells).

Tides and Inundation Stress. Daily, seasonal (steric) and yearly variations
in tides can cause large changes in inundation periodicity (Perry, 1991). The effects
of these seasonal changes will manifest themselves in two ways: changes in time of
flooding and changes in salt stress. During the mid to late growing season, the time
of highest inundation periodicity, the salinity of the estuary is also at its highest.
Therefore, there will be an associated increase in salt (osmotic) stress. Thus, growth
conditions in the marsh will be more stressed in the late than in the early growing
season. The vegetative response will be toward more flood- and salt-tolerant
macrophytes.

Implications tor Wetland Management

Much could be learned of a wetland ecosystem by analyzing the spatial and
temporal changes that occur in vegetation patterns. Small changes in macrophyte
distribution, numbers and importance in a wetland vegetation pattern could indicate
changes in environmental parameters of a wetland system. Thus, by monitoring the
changes (or lack of changes) in wetland vegetation patterns we may be able to
monitor changes in environmental parameters that we cannot directly observe with
modern technology and databases.

Understanding the changes in wetland vegetation patterns could serve as
an eariy detection and warning system for extremely subtle long-term climatic adjust
ments. Data suggest that we are in a period of global warming (Barnett, 1983; EPA,
1987). One potential consequence of warming would be a rise in sea level. The
change in the climate would be reflected in wetland vegetation patterns as species
shifts to better adapted populations occur.

Also of importance to the manager would be an understanding of the
relationship of specific plant species to changes in environmental parameters. For
example, as vegetation patterns change, the value of a wetland to specific animal
species will change. Ifa specific waterfowl species relies on an abundance of a plant
species not tolerant to high salinities for subsistence and/or habitat (e.g., northern
wild rice), an increase in the salinity could lead to a stress in. the waterfowl's
population. Other wildlife, e.g., muskrats, could be affected as well by reductions in
species preferred for food or den construction. Early detection of the changes in the
vegetation would provide time for managers to plan for the loss of a food source.
Corrective management steps, such as field or marsh plantings, could be put into
action before, instead of after, the changes occur.

With further understanding of the trends seen in vegetation patterns, our
ability to detect changes in our physical environment will improve. Furthermore, our
ability to manage for these changes will be greatly enhanced.

623



Conclusions

Future research should include monitoring changes in the diversity and
other vegetation parameters seasonally throughout the growing season. There is
also a strong need for research that would concentrate on the investigation of the
salinity and tidal inundation tolerance of Individual plant species. The role that inter
species competition between plants plays in the distribution of plant species in these
salinity regimes will also prove to be a field rich in valuable information.
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Figure 1.Location ofthe York River sites ofthe Chesapeake Bay National Estuarine Research
Reserve in Virginia.
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Table 1. Dominant plant species of York River Reserve components. Dominant spe
cies were calculated as the species that, after arranged in descending order of
importance value, account for more than 50percent of the total importance values of
all species at the site. Species are listed in order of highest relative importance
values.

Site

Goodwin Islands

Catlett Islands

Taskinas Creek

Sweet Hall Marsh

Dominant Species
Spartina altemiflora
Distichlis spicata
Total percentage

Distichlis spicata
Spartina altemiflora
Total percentage

Spartina patens
Distichlis spicata
Total percentage

Peltandra virginica
Carex stricta

Leersia oryzoides
Polygonum punctatum
Polygonum arifolium
Total percentage
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% Total

33.5

32.0

(65.5)

48.0

30.7

(78.7)

44.9

25.6

(70.5)

18.3

9.8

8.8

6.9

6.7

(50.4)



GROUNDWATER MONITORING STUDIES AT COMPONENTS
OF THE CHESAPEAKE BAY NATIONAL ESTUARINE

RESEARCH RESERVE IN VIRGINIA
E. Laurence Libelo and William G. Maclntyre

The College of William and Mary

Abstract

The sites of the Chesapeake Bay National Estuarine Research Reserve in
Virginia provide a unique opportunity for research on groundwater quality and
quantity in shallow aquifers adjacent to the Chesapeake Bay. The ensured
availability, protection and relatively undisturbed nature of these sites make them
ideal locationsfor collecting baseline data, and establishing monitoring wellnetworks
to provide long-term monitoring of groundwater. Data from these sites can be used
to study regional changes in groundwaterquality due to acid precipitation, sea level
rise and other natural and anthropogenic processes, and for investigation of
localized impacts of human activity on groundwater quality throughout the
Chesapeake Bay region. Data collected from these sites can also be used to help
elucidate the role of groundwater in determining the abundance and distribution of
terrestrial and submerged aquatic vegetation, and to estimate the sensitivity of this
flora to future perturbations.

Monitoring well networks have been installed at the Goodwin Islands
Reserve site at the mouth of the York river subestuary, and at the Catlett Islands
Reserve site 19 nautical miles upstream in the mesohaline region. Groundwater
samples were collected monthly over one year from Goodwin Islands and over six
months from Catlett Islands and analyzed for dissolved nutrients, pH and salinity.
Groundwater from Goodwin Islands was also analyzed to determine the possible
presence of organic pollutants. Groundwater nutrient loadings at both Goodwin
Islands and Catlett Islands were found to be well below those observed at
agricultural or residential land use locations in the region. Nitrate, nitrite, ammonium
and phosphate concentrations were below 3.0 mg/L and generally below 0.5 mg/L.
Salinity of groundwater was highly variable between wells at each site, and showed
considerable temporal variation. Observed salinity ranged from 0 to 14 parts per
thousand (ppt). The groundwater pH varied between wells from 3.5 to 8. No
chlorinated organic compounds were detected at concentrations greater than one
part per billion.

Introduction

The National Estuarine Research Reserve program has designated
selected estuarine areas for preservation and management for research and
educational purposes. Areas included in the Reserve program were designed to be
large and well enough protected to ensure their utility for long-term research and
environmental monitoring. Research at these sites is directed toward national and
regional environmental research priorities, and toward understanding the
fundamental processes occurring in estuaries. These areas of research are intended
to enhance scientific understanding of individual reserves and of estuaries in
general, and to provide information needed by reserve managers and coastal zone
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decision makers (Federal Register, Vol. 55, No. 111, June 8, 1990). A lack of such
data has begun to hamper planning efforts in Virginia. Policy-makers have been
forced to rely on limited, provisional data on the effects of groundwater born
nutrients on surface waters to support land use management decisions.
Management of natural resources in estuarine and coastal regions is often hindered
by a lack of reliable environmental data to support managerial decisions.

The input of nutrients and anthropogenic organic chemicals and the source
of freshwater flow to estuaries is of interest to decision makers in the Chesapeake
Bay area and throughout the nation. Because ecological processes in estuaries
depend on the amount of the nutrient elements nitrogen and phosphorous in the
system, management of estuarine resources requires an understanding of nutrient
dynamics in the system. Establishment of the nutrient budget of an estuarine system
requires a good understanding of all significant sources and sinks.

Groundwater has been recognized as a major source of nutrients into
surface waters (Lee, 1977 and 1980; Valiela and Costa, 1988; Simmons, 1989). Dis
charge of nutrient-rich groundwaterhas been shown to cause significant changes in
plant and animal communities in the affected waters (Johannes, 1980). Only a
handful of studies have been undertaken to try to measure these effects (Maclntyre
et al., 1989). The results of these studies suggest that groundwater seepage
provides a significant portion of the fresh water entering the bay and is a major
source of nutrients, supplying up to 30 percent of the total input (Simmons, 1989;
Libelo et al., 1991). These estimates are based on an extremely limited amount of
field data. The recent incorporation of the Goodwin Islands and Catlett Islands into
the National Estuarine Research Reserve program provides a unique opportunity for
additional long-term study of groundwater quality in the shallow near-shore aquifers.
The decreasing access to shoreline areas for monitoring and the increasing
development of coastal areas have made it difficult to find sites for installation of
wells for groundwater monitoring. Since the Reserve sites provide long-term
accessibility and are in relativity undisturbed condition, they are excellent locations
for collection of data on the current quality of groundwater in coastal aquifers, and
for continued monitoring to evaluate long-term changes. Accordingly, monitoring well
networks have been installed in the Goodwin Islands and Catlett Islands sites, and
groundwater samples have been collected for determination of selected water quality
parameters. Additional monitoring networks are to be installed in the Taskinas Creek
and Sweet Hall Marsh sites. This paper reports the preliminary results obtained from
analysis of groundwater samples collected from the monitoring wells.

Methods and Materials

Site Descriptions. Four sites in the York River subestuary have been
selected for inclusion in the Reserve system (Figure 1). Monitoring well networks
were installed at the two sites closest to the mouth, Goodwin Islands and Catlett Is
lands. The Goodwin Islands Reserve consists of one large (1.6 km2) main island and
several smaller island separated by tidal channels in the Mobjack embayment at the
mouth of the York River. The islands are made up of Pliocene and Pleistocene
beach ridge deposits in a ridge and swale topography (Leonard, 1986). The islands
are underlain by the early and middle Pliocene Yorktown formation. This formation is
unconformably overlain by the late Pleistocene Poquoson Member of the Tabb
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formation which is exposed at the surface over most to the islands (Johnson, 1976).
These formations consist primarily of fossiliferous silty sands along with some clay,
and generally show high hydraulic conductivity. Goodwin Islands lie within the
polyhaline region of the Bay, and are surrounded by water with salinity ranging from
16-22 ppt. Wells on the main island shows the presence of a fresh water unconfined
aquifer that is hydraulically isolated from the mainland. All fresh groundwater water
on the islands is provided by infiltration of local precipitation. This isolation makes
the islands suitable for measurement of changes in groundwater quality in response
to regional rather than local anthropogenic influences. Twelve monitoring wells have
been installed on the main island in estuarine shrub scrub/forested wetlands and
wooded upland areas (Figure 2).

The Catlett Islands Reserve site covers 690 acres and is located about 19
nautical miles upstream from the York River mouth on the north shore of the York
river estuary between Timberneck and Cedarbush creeks (Figure 3). Geomor-
phology of the Catlett Islands is ridge and swale, and they are similar in topography
to the Goodwin Islands. The site is located in the mesohaline portion of the York
River surrounded by estuarine water with salinity ranging from 8 to 18 ppt. The
degree of connection between groundwater on the Catlett Islands and the mainland
has not yet been established, but initial observations indicate that shallow
groundwater on the Islands is at least partially hydraulically isolated from the
mainland by the bordering tidal wetland, and is predominantly supplied by local
precipitation. At the Catlett Islands site, monitoring wells were installed in broad-
leaved deciduous forested wetlands and coastal upland forest areas.

Sampling and Analysis. Groundwater samples were collected monthly over
one year from Goodwin Islands and six times in the same year from Catlett Islands,
and analyzed for pH, salinity and dissolved nutrients. Samples were withdrawn from
each monitoring well with an inertial pump, placed in pre-cleaned polyethylene
bottles, packed in ice, and transported to the Virginia Institute of Marine Science
(VIMS) for analysis. One sample for organic analysis was collected with a stainless
steel bailer and transferred to pre-cleaned glass jars. At least three well volumes
were purged prior to sample collection.

Nutrient analysis was done at the EPA-certified laboratory at VIMS. Nitrate,
nitrite, ammonia and phosphorus were determined by modified EPA methods
(methods 352.2 and 350.1) using a Technicon Auto Analyzer. pH was determined
with Beckman pHl31 pH meter. Salinity was determined using a Reichert TS salinity
refractometer. Samples were analyzed for trace organic compounds according a
modified EPA standard method 625 (Greaves et al., 1991).

Results and Discussion

Concentrationof nutrients from wellsat Goodwin Islands is shown in Figure
4 for nitrate plus nitrite and Figure5 forammonium. Nitrate and nitrite were very low,
generally below 0.2 mg/L in both wetland and upland wells. These concentrations
are consistent with nitrate levels commonly observed in other areas in the region
which are not impacted by local human activity (Libelo et al., 1991). Ammonium
concentrations generally are higher than nitrate and nitrite. In wetland wells,
ammonium levels ranged from 0.1 to 3 mg/L and were generally below 1 mg/L. In
upland wells, ammonium ranged from 0 to greater than 2 mg/L and were generally
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below 1 mg/L. The data do not cover a sufficient period of time to allow analysis of
variations with seasons.

Figure 6 shows the salinity of groundwater at the Goodwin Islands site. In
upland wells, salinity ranged from 0 to 4.5 ppt. It was generally between 0 and 3 ppt
and showed variation over time. In wetland wells, groundwater salinity varied over a
wider range from 1 to 13 ppt. Salinity within wells and between wells varied
considerably, probably due to recharge by infiltration of saline estuarine water.

The pH of groundwater at Goodwin Islands is shown in Figure 7. In upland
areas, the pH was fairly constant between wells and within each over the period
sampled. Values ranged from about 7 to 8. In wetland wells, the pH showed greater
variation between wells and within individual wells over the period sampled. Values
ranged from 3.5 to 7.5 and were consistently lower then those in upland areas.

Figure 8 shows nitrate and nitrite concentrations in groundwater from wells
at the Catlett Island site. Concentrations ranged from 0 to 0.4 mg/L and were gen
erally below 0.2 mg/L. These values were similar to observations at Goodwin Islands
and are consistent with those expected from an area with little anthropogenic input.
Ammonium concentration at Catlett Islands varied from 0 to 1.1 mg/L (Figure 9).
Concentrations varied between wells and within individual wells. The pH in samples
from Catlett Islands ranged from 4 to 8 and were similar to those observed in
wetland areas at Goodwin Islands (Figure 10). Salinity in Catlett Island well samples
varied from 0 to 13.5 ppt (Figure 11). Salinity varied considerably between wells and
within each well, and this variation appears larger than that for the other water
quality parameters.

Analysis of groundwater for chlorinated organic compounds indicated that
none were present at concentrations greater than the detection limit of one part per
billion.

The data collected at the Goodwin Islands and Catlett Island sites show the

current quality of groundwater at these sites. The period of sampling is not long
enough to allow evaluation of variations over time, such as seasonal variation.
Nutrient element and organic compound concentrations suggest that these sites are
not strongly impacted by local human activity. Precipitation and inflow of estuarine
water are the only sources of recharge and of dissolved constitutions in these sites.

The Reserve sites in Virginia are good locations for monitoring groundwater
quality in the shallow near shore aquifers in the Chesapeake Bay region. The data
collected in this study provide information on the current quality of groundwater in
the near shore shallow aquifers in the York River subestuary. This information can
be used as a baseline for evaluation of future changes in groundwater quality in the
Goodwin Islands and Catlett Islands sites, and as control or background data for
studies of the effects of human activities on these and other sites in the Chesapeake
region. Information on the quality of groundwater within the Research Reserve sites
can also be used to correlate current and future biological processes with
groundwater and study interaction between groundwater, surface water and
biological activity. Continued monitoring of these sites should be conducted to
ensure the long-term availability of such information.
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Rgure9. Ammonium ionconcentrations in groundwater samples from Catlett Islands wells.
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BIOGEOCHEMICAL STUDIES AT THE MONIE BAY

NATIONAL ESTUARINE RESEARCH RESERVE
Jeffrey C. Cornwell, Judith Stribling and J. Court Stevenson

University of Maryland

Introduction

The National Estuarine Research Reserve System designates and
manages sites for long-term research and educational activities. Reserve sites
represent critical habitat for ecologically and economically valuable species and
communities and provide the opportunity for study of the impacts of such alterations
as toxic contamination and eutrophication.

Coastal marshes can be important sites for the buffering of point and non-
point nutrient inputs, and in providing nursery habitat and food sources for estuarine
fishes. Although change is natural in marshes, the introduction of toxics, point-
source and non-point-source nutrient inputs, the loss of habitat to development and
the potential increase in rates of sea-level rise may lead to changes at a pace at
which marshes cannot adapt. The understanding of basic marsh processes is critical
for the prediction of marsh response to stress. The Reserve sites provide the
potential for careful long-term study of these processes in systems with relatively low
current levels of impact.

Marshes differ from open-water estuarine habitats because of their large
standing biomass of primary producers, especially macrophytes, and increased
importance of sediments in overall system metabolism (Howarth and Hobbie, 1982).
Sediments are major sites for organic matter decomposition, nutrient recycling and
mineral nutrition of macrophytes. As such, sediments are a key part of marsh
ecosystems, and physical, chemical and biological processes that affect nutrient and
organic matter cycling in sediments can greatly influence ecosystem function.

Our research program at the Monie Bay component of the Chesepeake Bay
National Estuarine Research Reserve in Maryland was oriented toward understand
ing biogeochemical differences across an estuarine gradient. Spatial and temporal
variability in water quality, plant species composition and sediment processes were
studied within a brackish to mesohaline marsh system. Factors contributing to the
sediment biogeochemical profile included pore water nutrients and sulfur and solid
phase phosphorus, sulfur, iron, organic matter and sulfur stable isotopic composition
across a salinity gradient. Our ongoing studies at Monie Bay provide a continuing
baseline of nutrient, salinity and plant biomass measurements plus research on
sulfur stable isotope-derived food chains, seasonal iron sulfide distributions and
isotopic composition within sediments, and the influence of sulfide in sediments on
marsh productivity.

Study Area

This study was conducted at the Monie Bay Reserve component, a
marsh/bay complex located on the Delmarva Peninsula, along the Eastern Shore of
the Chesapeake Bay in Somerset County, Md. (Figure 1). Its creeks are tributaries
of Tangier Sound and ultimately of the Chesapeake Bay. The watershed of Monie
Bay includes wetlands, farms, homesites and forests. Surrounding Monie Bay are
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submerged upland marshes of Holocene age that range, in a relatively short
distance, from higher salinity marshes with few plant species to virtually freshwater
tidal systems with greater macrophyte diversity. Anthropogenic impacts in the
watershed largely consist of agricultural activities, including forest clearing. Perhaps
the greatest human impact, then, is on nutrient input to the system, enhanced by
modifications of hydrology by roadways, bridges and culverts and by land clearing.

The depth of Monie Bay proper is generally less than 2 m and the bay sedi
ments are fine-grained. Salinity in the bay is typically 12 ppt in the spring and
increases to 17 ppt during the summer. The tidal range is approximately 0.3 m.
Ward et al. (1988) have identified three different subenvironments including bank
marshes surrounding Monie Bay; tidal channel bank marshes along the two major
tributaries, Monie Creek and Little Monie Creek; and back marsh areas. The back
marsh areas are flooded less frequently and consist of fine-grained organic-rich
muds. The dominant plant species in regularly flooded areas include Spartina
allerniflora, Spartina patens, Spartina cynosuroides and Amaranthus cannabina,
while Juncus roemerianus, Distichlis spicata and Phragmites australis are common
in less frequently flooded areas.

Radiochemical (210Pb) and palynological (Quercus and Abrosia) analyses by
Ward et al. (1988) have shown that Monie Bay sediment accretion has a rather large
range (0.15 - 0.63 cm-yr'1), with over half of the sites having accretion rates lower
than required to match current rates of sea-level rise. While most marshes in the
Monie Bay system appear to be keeping up with apparent sea level rise in this
region, approximately 0.3 to 0.4 cm per year (Kearney and Stevenson, 1991), some
isolated areas are subject to increased submergence and are now bare mudflat
except for the diminutive Eleocharis parvula. The focus of this study is Monie Creek,
one of the most extensive branches off the Bay. During our study, water quality and
sediment samples were collected along the entire navigable part of the creek,
including areas upstream of the Research Reserve.

Methods

Water samples were collected from Monie Creek in April, June, July and
August 1990. Eight stations— "HWY" and Sites 1-7—were sampled. These samples
were analyzed for concentrations of dissolved reactive P (P04), nitrate + nitrite (N03
+ N02), ammonium (NHJ, chloride (CI*) and sulfate (S042). Marsh cores were
collected using a 7-cm-I.D. plastic core tube. Subtidal cores from Monie Bay were
collected using a KB gravity corer. The analytical procedures used for chemical
analysis are detailed in Cornwell et al. (1990).

Results and Discussion

Water Quality. Spring and summer precipitation was relatively high in the
Monie Bay watershed in 1990. Nevertheless, salinity at centrally located Site 4
increased steadily over the summer and peaked at 6 ppt in July (Figure 2), which is
centrally located on Monie Creek. In August, salinity declined earlier than expected,
again reflecting high rainfall late in the summer.

Water column dissolved P04 at Site 4 decreased from almost 1.5 to 0.1 uM
over the course of the growing season. In June, the molar N:P ratio at that site was
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approximately 40. Analysis of P04 plotted against CI" concentration (Figure 3) for the
1990 season shows a clear lack of a summer P04 maximum. Contrary to these
indications of P limitation in the Monie Bay system, a summer increase in P04 has
been well documented in other marsh systems in the mid-Chesapeake (Stevenson
et al., 1977). The highest P04 in the Monie Creek system was found in April (2 uM)
at Station 3. This high concentration may have resulted from localized agricultural
runoff from pastureland next to the creek.

As with P04 at Site 4, NH4* declined from 4 to 1 uM from April to August,
most probably due to uptake by plants. In comparison, nitrate at Site 4 had the
same pattern but dominated the DIN pool in April with a concentration of over 15
uM. However, NO3' became rapidly depleted to concentrations less than NH4* (1
uM) by July and remained very low the rest of the growing season. The extremely
low NO,' from mid to late summer along the entire upper creek may have resulted
from a combination of denitrification, which is substantial in marshes (Seitzinger,
1988), and plant uptake. The lowsummer N concentrations force the system at least
temporarily into N limitation; the molar N:P ratio was approximately 5 in July and 3 in
August.

When April data for stations along the axis were plotted against CI' (Figure
3), NH/ doubled at mid stations down Monie Creek; in contrast, NO, appeared to
be derived from upstream sources. The highest NO,' value (almost 30 uM) was
clearly associated with the upland end-member. This pattern of upland NO,' loading
is typical of other tributaries on the Eastern Shore of the Chesapeake Bay; in the
Choptank River, maximum April NO,' exceeds 100 uM (Stevenson et al., 1991).

Monie Creek appears to have significant ammonification in spring when
temperatures begin to rise, accounting for the increase in NH4* in the mid-salinity
stations during April (Figure 3). There was a suggestion of that in June as well, but
not in July and August (Figure 3) when uptake by plants (either phytoplankton or
macrophytes) may have suppressed NH4* flux out of the sediments. In addition, our
data show variable concentrations, which may be due to storm events that
overwhelmed the short salinity gradient. Both minimum (ca. 1 uM) and maximum
(ca. 10 uM) concentrations of NH4* at Monie Creekwere in the same range as found
at a Choptank River marsh (Stevenson et al., 1977) with much the same
seasonality. However, Monie Creek appears to alternate between P and N limitation,
reflecting both lower agricultural inputs and a more pulsed natureof the system.

Sediment Btogeochemlstry. The overall rationale for this sediment program
was to provide an understanding of basic geochemical distributions and processes
within Monie Creek and Monie Bay by examining both pore water and solid phase
chemistry. Wetland sediments represent important sites for the remineralization of
nutrients, which in turnsupport the seasonal macrophyte productivity of the system.

Initial sediment samples were collected from the creek bank at the eight
sites used for water quality sampling. Latersediment sampling included three back
marsh sites: a well-drained marsh bank site (DB1), a poorly-drained back marsh site
(DB2) and a relatively dry site adjacent to a palustrine wetland area (DB3). Site
HWY was closest to the upperfreshwater source for Monie Creekand had a variety
of freshwater plant species. Subtidal locations (MB1, MB2) within Monie Bay proper
were sampled with a gravity corer.

Pore water ammonium and phosphorus concentrations represent a balance
between processes that contribute nutrients to pore water (i.e., organic matter der
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composition, dissolution of Fe-P complexes) and processes that remove nutrients
from pore water (advection, assimilation by plants, microbial transformations). As for
most other systems, Monie Creek pore water concentrations of NH4* and P04 were
greatly elevated with respect to those in surface waters. Values were similar to those
observed in other brackish and salt marshes (Jordan and Correll, 1985; Lord and
Church, 1983).

Pore water data from the sites HWY and DB2, collected in August 1990,
are compared in Figure 4. At the HWY site, pore water CI" values were among the
lowest for this study, corresponding to a salinity of approximately 2 ppt. The higher
July salinity at this site was apparently reduced by runoff from August storms. Winter
and spring runoff would generate even lower salinities. Sulfate concentrations in
August were quite low, and undetectable at and below 4-6 cm. Despite these
relatively low sulfate concentrations, significant rates of sulfate reduction are
evidenced by relatively high concentrations of acid-volatile sulfide (generally FeS;
Cornwell and Morse, 1987) and chromium-reducible sulfur (FeS+ FeS2 + elemental
S) at site HWY. Hydrogen sulfide was not detected in the pore waters at this site,
but a faint sulfide smell was present in the marsh.

Nutrient concentrations at the HWY site were much lowerthan for any other
sites in this study. Both NH4* and P04 concentrations were very low in August, with
undetectable levels of NH4* at 8-10 cm and undetectable concentrations of P04 at
and below 4-6 cm. July porewaternutrient concentrations were also quite low at this
site (P04 = 0.7-5.0 umol L''; NH4* = 21-61 umol L'1). These low nutrient
concentrations strongly suggest that nutrients remineralized within these sediments
may be rapidly assimilated by plants. The rate of sedimentary nutrient remineraliza-
tion may thus be an importantcontrol on primary production.

In DB2, the back marsh site, porewater chloride and sulfate profiles were
consistent with higher salinity and higher rates of sulfate reduction. Sulfate reduction
was also indicated by relatively high levels of solid phase reduced sulfur species.
The nutrient profilesshow low concentrationsof NH4* and P04 at the sediment-water
interface, steadily increasingto high concentrationsat 8-10 cm. A strong gradient of
pore water nutrient concentrations upward from the 8-to-10-cm depth to the 4-to-6-
cm depth suggests upward flux and consumption of nutrients in the top 5 cm of
sediment. Hydrogen sulfide concentration in the pore water ranged from 0 mmol L'1
at 0-2 cm to 0.7 mmol L"1 at 8-10 cm.

We examined the solid phase chemistry of all sites in both surface (0-2 cm)
and deeper (8-1Ocm) sediment horizons (Rgure 5). Spatial heterogeneity at these
sites can be quite large, and we arbitrarily selected the data for the upper Monie
Creek marsh sites from late July and the data for the Bay marsh and Monie Bay
sites from August so that adjacent sites had temporal coherence.

Ash-free dry weight concentration, a measure of organic matter content,
was between 22 and 26 percent of total sediment mass in the surficial section of the
Monie Creek marsh cores. The Monie Bay subtidal sediment samples were distinctly
lower in organic matter, perhaps a result of increased dilution of organic inputs by
inorganic particulates from other sources such as the Wicomico River, lower organic
matter input from primary producers, and increasing distance from the organic-rich
brackish marshes.

Phosphorus concentrations in marsh sediment were relatively low,
averaging 0.76 ±0.17 mg g'1 in surface sediments and 0.66 ± 0.04 mg g"1 in deep
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sediments. These values are somewhat lower than those found in tidal freshwater
sediment by Chambers and Odum (1990), similar to those in the mainstem of the
Chesapeake Bay (Boynton and Kemp, 1985; Cornwell, unpublished data), and lower
than those found in marsh sediments from the Choptank River subestuary (Cornwell
and Stevenson, unpublished data). We differentiated between inorganic and organic
P forms in this study because P cycling is highly dependent of the form of P in the
sediments. Organic P is an important component of total P in these sediments,
averaging about 70 percent of total P in the marsh sediments, well within the range
(40-80 percent) found for Choptank River marsh sediments. The persistence of
inorganic P in sulfidic sediments suggests that Fe-P complexes may not have a
large effect on P diagenesis deep within the sediment (Krom and Berner, 1981). In
this system, the supply of sediment P to pore waters may be more related to the
oxidation of P-containing organic matter than to inorganic redox processes (i.e.,
Cornwell, 1987). Core MB2 had very low P concentrations, perhaps a result of
dilutionby P-depleted inorganic particles from the WicomicoRiver.

Extractable iron values in this study are a measure of the sum of the oxide
Fe concentration (Leventhal and Taylor, 1990) and AVS-associated Fe (Cornwell
and Morse, 1987). This extraction does not recover any Fe associatedwith pyrite. In
surface sediments, Fe concentrations were quite variable, ranging from 3 to 15 mg
g"\ Deeper within the sediments, extractable Fe concentrations were lower and less
variable, most likely because of the more complete conversion of Fe oxide minerals
to iron sulfides. As in most marine sediments, AVS in Monie Bay marsh and bay
sediments was a low to modest proportion of chromium reducible S (Morse and
Cornwell, 1987; Cutter and Velinsky, 1988).

Summary

Water column nutrient concentrations in the Monie Bay system are low
compared with those In other Chesapeake Bay marshes. The supply of nitrate and
phosphate is dominated by agricultural runoff, timed to seasonal and event-scale
freshwater inputs. The source of ammonium to the water column appears to be the
sediments, via ammonification.

Consumption of nutrients, through plant uptake (N and P) and denitrification
(N) leads to undetectable levels of nitrate and phosphate by summer. Both nutrients
exhibit limiting concentrations overthe course of the growing season.

Sediment biogeochemistry is closely tied to the hydrodynamics of the
system: higher energy portions of the Bay exhibit lower organic matter
concentrations, more continuously flooded sediments contain higher concentrations
of reduced sulfur compounds, and more regularly flushed bank marshes have higher
extractable iron content.

This Research Reserve site exhibits many biogeochemical features typical
ofChesapeake Bay marshes, yet itdiffers in other significant ways, most notably as
a result of its relatively undisturbed watershed. It thus provides excellent
opportunities for further study of marsh processes.
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Figure 3. Water column nutrient concentrations vs. chloride concentration for four sampling
periods in 1990 in Monie Creek. Sample times included April (•), June (+), Jury (•) arid
August (x). Chloride concentrations are used as a measure of conservative mixing; deviations
from a linear nutrient to chloride ratio result from processes that remove or add nutrients to the
creek.

653



=• o

Nil/ (pmol L"')
15 30

Nil/ 0«mol L'1)

P04 Otmol L•')
,0 1 2

/
5"

10

P04 (jtmol L'1)

S04 (mmol L"')
.0 1 2

5

10

H,S Otmol L'1)
250 500 Q0 30 60 Q0 400800

E

n.

Q

«

s

e

U

10

NH/ (junol L'1)
) 150 300

P04 G«mo! L')
25 50

S04 (mmol L'1)
JO 6 12

10

Rgure 4. Pore water nutrient and sulfur data from sttes HWY, DB2 and MB2. Site HWY is the
least saline site; stte DB2 is a poorly drained back marsh site; and MB2 is a subtidai site near
the Wicomico River.
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Figure 5. Surficial sediment chemistry from Monie Bay marsh (HWY. DB1, DB2. BM) and
subtidai (MB1. MB2) sediments. Ash-free dry weight (AFDW) is a measure of organic matter
content. The iron is HCI-extractable iron. Sulfur species are AVS (generally FeS) and pyrite
(generally FeS2 with an undetermined amount of elemental S).
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