Science Question

How can stressor levels,

biological-response relationships,

classification schemes,
bioassessment methods,

ecological risk assessments, and
indicators be applied across U.S.
surface water to set criteria for
identifying/restoring impaired

waters and maintaining
designated uses?
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Research Objectives

Provide realistic mileage estimates and factors controlling the extent of

headwater streams across the landscape.

® Develop field protocols for assessing the ecological condition of
headwater streams.

® Identify physical, chemical and biological indicators of hydrologic
permanence and impairment.

@ Demonstrate direct linkages between the ecological condition of
headwater streams to downstream water bodies.

® Assess the of policies with
headwater streams across multiple spatial scales.
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Research Results

Interactions wi tomers

Through and studies, ORD are
headwater sireams from multiple fronts across the nation,

® Headwater Intermittent Streams Study (HISS)

Addresses - 113 sites across 9 states varying in hydrologic permanence

- Physical habitat and biological assemblages sampled,
- Collaborators: Regions 1,2,3,4,5 & 10, KYDEP-DW, NYDEC,
VTDEC, The Nature Conservancy, Univ. KY, and USFS,

Extent of Headwater Streams

Extent of Headwater Streams

In conjunction with our ecological condition work, ORD
scientists are using GPS and GIS methods to generate
predictive maps of headwater streams. These data are
being compared to existing databases and are being used
0 better understand what factors govern the development
and spatial position of stream channels. The goal of this
work is to provide a more accurate picture of our Nation's
stream networks that can be applied to problems such as
non-point source pollution.
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@ Downstream Influence

‘Spatial patterns of water quality are being assess with
statistical tools that model spatial dependence within
stream networks. Semi-variograms are one tool being
used to assess the downstream influence of water quality
at headwater streams. The theoretical semi-variogram
below, illustrates typical spatial dependence, where points
closer together tend to be more similar than points further
apart. In spherical model the sill represents where
variation associated with
sill separation distance
asymptotes. The lag
associated with the sillis
called the range and
represents the distance
‘where measurement
values are no longer
Range | spatially dependent (i.e,
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® Management Effectiveness

Characterizing and linking land use and hydrologic
conveyances within 14 sub-catchments draining into the
East Fork of the Little Miami River, OH. Water quality data
across this network is combined with runoff simulations.
(USEPA's Stormwater Management Model (SWMM)) to
assess headwater stream preservation s a viable and
effective alternative for stormwater mitigation in urbanizing
watersheds.
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East Fork of the Little
Miami River, OH
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= Communication among the
ORD scientists, Regional
biologists, and EPA Office of
Water from the onset of the
HISS project & continue as the
products become implemented.

4 workshops on field protocols
held at either national or
regional meetings; >100 state,
regional, & tribal professionals
trained.

= Training lead to an expansion
of the headwater sampling
from only 3 states to include 9
states across the US.

= Poster at 2005 Science Forum
co-authored by ORD and
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inthe discrepancy (25-188%) between predicted and NHD
distances in the areas studied. The majority of the
addiional stream length was also predicted to have flow
regimes that are intermittent or ephemeral.

Validation of the predicted headwater extent and
identification of factors that account for the variation seen
across regions are the future steps planned. In addition, a
collaborative study (ORD, Region 3 and other organizations
in the Chesapeake Bay area) has been proposed to assess
the utilty of LIDAR (Light Detection And Radar) for
mapping headwater streams and isolated wetlands.

with less land use heterogeneity than their larger
counterparts. Replicate and reference streams are also
more available for studes

© We hope to broaden condition assessments to incorporate
awider range of land use practices and more physiographic
regions.

® Future and ongoing studies are developing rapid functional
assessment methods for headwater streams (€.g., nutrient
uptake, organic matter retention). In addition to
characterizing functional changes across disturbance and
permanence gradients, we hope to better link biocriteria and
traditional structural measures (e.g., Tired Aquatic Life
Uses, community metrics) to ecosystem processes and
services.

We determined that the sampling sites were limited in number and
spatial distribution

® Water quality data from a stream network in east-central Kentucky.
showed severe discontinuities in specific conductance that appear
to be associated with mountain-top coal mining and valley filling.
Although the discontinuities of conductivity in the network prevented
valid trend fitting using semi-variograms, results clearly identify the
downstream influence of valley filling of headwater streams.

® Future directions include characterizing observed discontinuities
utiizing graph theory and Bayesian models. We would also like to
investigate the potential influence of stream network complexity on
downstream conveyance of upland disturbance and how this may
be used in predicting impairment across networks and planning
watershed development.

discharge for sediment transport as a primary form of
ecosystem stress.

® We hypothesized that changes to flow exceedence/duration
curves for headwaters control carbon and nutrient
biogeochemistry and, therefore, landscape scale nutrient
retention.

@ Through the combined field effort to quantify small channel
processes and employing calibrated/validated models we.
plan to explore alternative landscape development scenarios,
network designs, and planning objectives/policies that could
enhance nutrient sequestration and habitat preservation in

for in TMDL

implementation.

relationships
that will allow
policy makers
to make
informed -

decisions about prioritization of
headwater stream protection and
restoration.
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