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Shenandoah Watershed Study (SWAS)
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Initiated in 1979 as a cooperative
research venture with the U.S. NPS

Outdoor laboratory




Hierarchy of Spatial and Temporal Scales

Shenandoah Watershed Study (SWAS)
5 streams

Sampled weekly

1979 - present

Virginia Trout Stream Sensitivity Study (VTSSS)
66 streams

Sampled quarterly

1988 - present

'; T Steunton River

Major Badrock Clanses

[] sicidastic
[] emnic
[] Basanic

“Decadal” Survey

341 streams

Sampled 1987, 2000,
and 2010




SWAS Objectives

... to improve understanding of ecosystem processes in the

forested mountain watersheds of Shenandoah National Park and
the central Appalachian region

... to detect and assess hydro-biogeochemical changes
occurring in these relatively undisturbed ecosystems

SWAS Core Program

Watershed is the basic unit of study — framework for process-
based research

Basis for regional extrapolation
Longest watershed study in National Park system

Made possible by strong cooperation with NPS and EPA
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Sulfate lon Concentrations

Source: National Atmospheric Deposition Program
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Sulfate lon Concentrations
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Sulfate lon Concentrations

1988 1989 1990

Source: National Atmospheric Deposition Program
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Sulfate lon Concentrations
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Sulfate lon Concentrations
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Sulfate lon Concentrations
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Sulfate lon Concentrations
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Trends in stream & lake composition (1990 - 2000

Sulfate Acid Neutralizing Capacity

New England Lakes
Adirondack Lakes
Appalachian Streams
Upper Midwest Lakes
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Slope of Trend (peq/L/yr)

e Sulfate concentrations and acidity of surface
waters in most regions have decreased in
response to decreased sulfur emissions




Trends in stream & lake composition (1990 - 2000

Sulfate Acid Neutralizing Capacity

New England Lakes
Adirondack Lakes
Appalachian Streams
Upper Midwest Lakes
estern Virginia Streams
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Slope of Trend (peq/L/yr)

e Sulfate concentrations and acidity of surface
waters in most regions have decreased in

T e response to decreased sulfur emissions

ff”ﬁ e But notin western VA.

ol ﬁﬁ/ﬂd * In 2002 EPA told Congress that this should

Y T E be a ‘red flag’ to regulators.
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- Fish Diversity in Shenandoah National Park Streams
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ANC effect on Brook Trout populations

14-year mean
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Jastram et al., 2013




Estimated Critical Loads

Critical Load

Exceedances
ANC Criterion = 20 peqg/L )

- No Exceedance
[ ]1.0to15times the CL

[ 1.5t0 2.0 times the CL

B - 20 times the CL

(;,3 Wilderness

Webb, 2012

Long-term damage
to base cation
states of soils

Some locations may
take centuries to
recover, based on
model estimates

MAGIC used for
estimates (Cosby)




Now for some positive news ...

341 brook trout streams sampled
in 3 regional surveys: 1987,
2000, and 2010

Acid Neutralizing Capacity
12 ’
71 peq/L 10 57 peq/L
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u a rte rI Sa m I i n t re n d S Virginia Trout Stream Sensitivity Study (VTSSS)

66 streams
Sampled quarterly
1988 - present

Rich getting richer (basaltic)

Poor getting poorer (siliciclastic)

Trend in ANC

Acid neutralizing capacity (ANC)

Acidifying

Siliciclastic [N -0.19**
Basalt B 1.14

Granite [l n-s.




Quarterly sampling trends (continued)

Sites with Decreasing ANC

Streams with decreasing ANC
(Continued Acidification) ‘

Continued acidification is driven
by declines in base cations.

Trend in ANC (peq L1 yr?)

15 1 -05 0 0.5 15 -1 -05 0 0.5
Trend in soi'{,.eq L-1yrl) Trend in SBC (peq L yr7)

Sites with Increasing ANC

Streams with increasing ANC

(Acid Recovery) -

Acid recovery driven by
declines in stream sulfate.

Trend in ANC (peq L yr?)

0 0
-15 -1 -0.5 0 0.5 -15 -1 0.5 0.5
Trend in SO’i‘{ueq L yr1) Trend in SBC (peq L1 yr‘)

Robison et al., in review




Predictin
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Unexpected events




Unexpected events: Rapidan flood (1995)

Staunton River
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Issue: Climate Change

Trends in Stream Temperature
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Watersheds as outdoor laboratories

Mercury deposition
measurements in
Big Meadows

dew of the white dep

ad on
reambed in the Big Run




Future Plans

 Make data accessible online

 Deployment of in situ sensors

« Make data accessible in real time (satellite transmission)
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Sulfur Dioxide (SO,) Emissions in U.S.

Source: EPA National Emission Inventory
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