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Abstract

Collaborative research between the U.S. Environmental Protection Agency (USEPA), Landscape Ecology
Branch, and the U.S. Geological Survey (USGS) began in 1999 to relate land use, geology, and other geographic
variables to water quality and aquatic ecology in small streams of the Mid-Atlantic Coastal Plain. Results of the
study will include landscape-indicator models (see inset) for stream ecological condition and for concentrations of
pesticides and nutrients in ground water discharging to small streams. A base network of 174 small (typically first-
order) streams was designed across a gradient of hydrogeologic and land-use settings. Additional sites were
selected to represent natural watershed conditions and to relate results from the base network to downstream con-
ditions and seasonal hydrologic variability. Benthic-community and habitat assessments were conducted at each
stream; water samples from all streams were analyzed for selected pesticides, pesticide metabolites, nutrients, and
major ions.
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Landscape-indicator models can be useful for monitoring the environment

in much the same way that economic indicators (such as stock-market
averages) are used (on a different time scale) to monitor the economy. A
variety of interacting natural and human processes affect the level of
pesticides and nutrients in streams and ground water. The distribution of
these compounds is controlled not only by patterns of use, but also by
topographic, geologic, climatic, and soil properties that affect their movement
from areas of application to receiving water bodies. These geographic
properties, or landscape metrics, are statistics that summarize relevant
geographic variables for an area (such as amount of land in agriculture within
a watershed or county). Landscape metrics are the building blocks for
landscape-indicator models that can be used to provide an initial estimate of
ecological and water-quality conditions (Kepner and others, 1995; Jones and
others, 1997). The landscape-indicator models can be used to identify
specific areas of concern and target the limited resources typically available
for environmental monitoring, mitigation, or remediation.
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Introduction

early 1 billion pounds of

pesticides are used annually
in the United States (Aspelin, 1997).
The great majority (about 80 percent)
of these compounds are used for agri-
cultural purposes (to control or kill spe-
cific weeds or insects), but pesticides
are also used for industrial, commer-
cial, and household purposes and are
applied to rights-of-way such as roads
and power lines. Nutrients, primarily
nitrogen and phosphorus compounds,
occur naturally, but are also applied to
the land in the form of commercia fer-
tilizers and manure to enhance plant
growth.

Excess pesticides and nutrientsin

the environment can cause a variety of
ecological and human-health effects.
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(table 1) at approximately 200 small
streams are being analyzed along with
available geographic data to develop
landscape-indicator models for ground-
water contributions of pesticides and
nutrients to streams and for stream con-
dition. Project data also will be used to
identify geologic and geochemical fac-
tors affecting water quality in the Mid-
Atlantic Coastal Plain and to character-
ize the quality of water in headwater
streams of the area during base-flow
conditions in late winter and spring. 3
The landscape-indicator models are Mid-Atlantic Coastal Plain——» -
being developed primarily by land- 3
scape ecologists at the USEPA; the
USGS is evaluating hydrogeol ogic,
geochemical, and land-use effects on
stream-water quality in support of this
effort.

The Mid-Atlantic Coastal Plain
includes areas of the Coastal Plain
Physiographic Province from North
Carolina through New Jersey (fig. 1).
The 114,000-km? (square kilometer)
areais mostly flat and low-lying,
although some areas have considerable
relief, particularly along the western
margin at the Fall Line. The Coastal
Plain is underlain by a wedge of
unconsolidated sediments and (in
North Carolina) carbonate rocks that
vary texturally both laterally and verti-
cally, and form an alternating series of
aquifers and leaky confining units. The
development of stream networks and
ground-water resources in the Coastal
Plain is controlled by this variable Figure 1. Multi-scale network of stream-sampling sites in the
topography and sediment texture. Mid-Atlantic Coastal Plain.
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Table 1. Water, sediment, and ecological target analytes and measurements

3p0|ych|orinated biphenyls

4Ephemer0ptera + Plecoptera + Trichoptera

ANALYTES IN SEDIMENT

ECOLOGICAL MEASUREMENTS

Tethanesulfonic acid Zoxanilic acid

ANALYTES AND MEASUREMENTS IN WATER
pH disulfoton
temperature EPTC
specific conductance ethalfluralin
dissolved oxygen dacthal
discharge diazinon
chloride dieldrin
fluoride ethoprophos
sulfate fonofos
sodium lindane
potassium linuron
calcium malathion
magnesium metolachlor -
alkalinity metolachlor ESA
bicarbonate metolachlor OA?
silica metribuzin
iron molinate
manganese napropamide
phosphorus parathion
orthophosphate methyl-parathion
ammonia pebulate
ammonia plus organic nitrogen pendimethalin
nitrite phorate
nitrite plus nitrate prometon
2,6-diethylaniline propachlor
acetochlor propanil
acetochlor ESA' propargite
acetochlor OA? propyzamide
alachlor simazine
alachlor ESA tebuthiuron
alachlor OA? terbacil
atrazine terbufos
desethylatrazine terbuthylazine
azinphos-methyl thiobencarb
benfluralin tri-allate
butylate trifluralin
carbaryl alpha-HCH
carbofuran cis-permethrin
chlorpyrifos p-p'-DDE
cyanazine

aldrin

cis-chlordane
trans-chlordane
2,4-DDD

4,4'-DDD

2,4-DDE

4,4-DDE

2,4-DDT

4,4-DDT

dieldrin

endosulfan |
endosulfan Il
endrin

heptachlor
heptachlor epoxide
hexachlorobenzene
mirex

lindane
cis-nonachlor
trans-nonachlor
oxychlordane
selected PCBscongeners
arsenic

mercury

percent moisture
size distribution
organic matter content

Community Indices

species richness

EPT*richness

Hilsenhoff biotic index

percent model affinity

species diversity

dominance

North Carolina biotic index

Maryland benthic index of biotic integrity
10-metric benthic index of biotic integrity

Physical Habitat Metrics

depth

wetted width

width/depth ratio

width/depth product

habitat class

reach aggregate and individual pool metrics
reach slope

reach sinuosity from backsighted bearings
substrate size

bankfull width

bankfull height

incision height

bank angle

undercut distance

large woody debris size classes

canopy densiometer values: mid channel
canopy densiometer values: bank
riparian vegetation cover metrics

riparian vegetation presence metrics
riparian vegetation type

presence of human influences

Land use in the areais primarily forest-
ed (40 percent), agricultural (29 per-
cent), or wetlands (including swamps;
23 percent) (Vogelmann and others,
1998).

During base-flow conditions,
water in small streams of the Coastal
Plain is derived from ground-water dis-
charge, and stream-water quality
reflects an integration of ground-water
chemistry from throughout the stream
watershed. Streamwater is derived
from overland runoff during and fol-
lowing precipitation, and base flow,
which is the discharge of ground water
through the streambed. Streamflow is
composed entirely of base flow during
dry periods. For this reason, stream
samples collected during base-flow
conditions represent a mix of ground
water from within the contributing

watershed. Although water typically
changes chemically as it discharges to
the stream and is exposed to the atmos-
phere and aguatic organisms, samples
collected during the cooler months of
the year should be minimally affected
by biologic nutrient uptake.

Study Approach

A multi-scale network of stream-
sampling sites has been established in
the Mid-Atlantic Coastal Plain (fig. 1).
Water-quality and biological data were
collected synoptically (once during a
short time span) in the late winter and
spring of 2000 at each site. Datafrom
the base network will be used to evalu-
ate potential landscape-indicator mod-
els of pesticides and nutrients (includ-
ing combinations of land-use patterns,

hydrogeology, and soils), and to pro-
vide an assessment of water quality and
stream hiology in the study area.
Additional sites were sampled to evalu-
ate relatively pristine conditions and to
determine how water quality and biolo-
gy in small streams are related to
downstream conditions.

Network Design

A base network of small streams
(typically draining less than 10 km?)
has been established in the Mid-
Atlantic Coastal Plain. Twenty-five
sites were randomly selected within
each of seven distinct hydrogeologic
subregions that were delineated on the
basis of physiography and the bulk tex-
ture of surficia sediments (Ator and
others, 2000). Alternative sites aso
were selected to provide replacements
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(as necessary) to ensure that approxi-
mately 25 sites were sampled in each
subregion. Selection probabilities for
each stream were adjusted (Stevens and
Olsen, 1999) to provide an approxi-
mately uniform distribution of network
sites along a gradient of forested to
developed (agricultural or urban) land
in the watershed. Streams at altitudes
less than 2 meters were excluded to
avoid tidal influence.

Additional sites were selected to
provide supporting information for data
from the base network. Six streams
that drain relatively pristine watersheds
were sampled as reference sites to char-
acterize natural stream conditions and
water quality. Periodic biological
assessments have been conducted at
these sites in the past. Sampling also
was conducted in three sets of nested
watersheds to show how results from
first-order streams are related to down-
stream conditions. In addition, water
samples were collected in two streams
on a monthly or semi-monthly basis for
approximately 1 year to place the base-
network synoptic samples in the con-
text of seasonal and annual hydrologic
variability.

Data Collection

Biological assessments were con-
ducted along a segment of each stream
in the lower third of its watershed.
Depth-integrated water samples were
collected along a stream cross section
at a point within this segment during
base-flow conditions. Stream pH, dis-
solved-oxygen content, conductivity,
discharge, and habitat condition were
determined in the field. Water samples
were analyzed for selected pesticides
(including metabolites), nutrients, and
major ions at USGS laboratoriesin
Denver, Colorado and Lawrence,
Kansas; sediment and biological sam-
ples were analyzed at USEPA |aborato-
ries (table 1). Variability and potential
bias in water-quality data will be esti-
mated on the basis of field blanks,
field-matrix spikes, and replicates col-
lected during sampling.

Data Analysis
Newly collected data will be ana-
lyzed along with existing data to devel-

op landscape-indicator models for pes-
ticides and nutrients in streams, and to
provide an assessment of water quality
in the Mid-Atlantic Coastal Plain.
Topographic maps and digital elevation
data will be used to delineate the con-
tributing watershed for each sampled
stream. Landscape metrics based on
digital geographic datawill also be
used to characterize the distribution of
land use, geology, soils, and other geo-
graphic variables within those water-
sheds. Landscape-indicator models
will be developed through multiple
regression and heuristic partitioning
analyses to evaluate the success of vari-
ous combinations of these geographic
variables in explaining the variability in
the water-quality and biological data.
Regional water-quality and stream bio-
logical conditions will be estimated by
considering collected datain light of
the land-use bias built into the sampling
network (see above).
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For further information contact:

District Chief

U.S. Geological Survey
8987 Yellow Brick Road
Baltimore, Maryland 21237

Branch Chief

Landscape Ecology Branch

U.S. Environmental Protection Agency
944 E. Harmon Avenue

Las Vegas, Nevada 89119

On the World Wide Web visit:

the USGS Maryland-Delaware-D.C.
District Homepage at:
http.//md.usgs.gov

or

the USEPA Landscape Sciences
Homepage at:
http.//www.epa.gov/nerlesdl/land-
sci/home2.htm
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