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 Small , homogenous, representative
 Input / output budgets
 Internal measurements 
 Event (high flow) sampling
Hydrologic, chemical, and isotopic approaches
 Long-term: trend and pattern detection 
 Paired watersheds / manipulations
 Real - time and proxy measurements
Watershed intercomparisons
 Scaling up

Elements of the Small Watershed Approach



History

• Forestry -- paired watersheds
• Europe 1870s
• Wagon Wheel Gap, CO, 1910-1928
• Coweeta, NC, 1933-present

• Biogeochemistry
• Hubbard Brook, NH, 1963-present
• Acid rain era, 1980s
• Climate change and other issues, 1990s - now
• Intercomparisons 



Streamgaging --
Who needs it?





Inputs Outputs



Wetfall-dryfall collector and rain gage



Internal
measurements



Watershed manipulations

Silviculture treatments

Calcium addition



Sample archive



Disturbances

Human-induced Natural
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Applications of small watershed research

• Atmospheric deposition effects
• Sulfate retention
• Nitrogen saturation
• Ca depletion (forest decline)

• Mercury cycling
• Agricultural

• Phosphorous 
• Pesticides

• Disturbance
• Forestry effects (water and solutes)
• Urbanization effects
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Rio Icacos, Luquillo LTER, PR

Three datasets
McDowell, 1983-86, weekly
USGS, 1991-97, event
LTER, 2001-05, weekly
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Watershed

sulfur cycling studies
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Rochelle et al., 1987

Sulfur
Retention
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Questions

1. How much sulfate comes from 
weathering and how much from the 
atmosphere?

2. Does sulfate simply pass through the 
ecosystem or is it retained for a 
time?

3. Is sulfate reduction an important 
process?
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Sleepers River 
Research Watershed 
Danville, VT

Sulfate 
isotope 
studies
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Sulfur 35

1. Cosmogenic, from spallation of Argon

2. Half life 87 days

3. Can be detected up to 1-2 years
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Conclusions:
Sulfate studies

1. Atmospheric sulfur contributes up to 50% 
to stream sulfate

2. But … nearly all atmospheric sulfate is 
transformed in the soil

3. Apparent S ages ~300 days => lots of old 
sulfate + a little bit of young sulfate

4. Reoxidation of secondary sulfide drives 
high stream sulfate after drought 



Mercury



• Mercury damages 
the nervous system 

• People acquire 
mercury from fish 

• Children and 
pregnant women 
most at risk



Mercury deposition 
preserved in ice

Fremont Glacier,
Wyoming

Schuster et al., 2002
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Mercury sources





Mercury in the Food Chain
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Source: Miller et al., 2005, Ecotoxicology 14, 53-70

Forms of Mercury Deposition, Vermont and New Hampshire
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2.3

11

8

7

Input: 7+8+11-0.5=25.5
Output: 2.3

Streamwater
Litterfall

Wet deposition

Hg fluxes in an upland temperate forest

Source: Krabbenhoft et al., 2005

Volatilization0.5

Hg fluxes in µg/m2/yr



How does fish Hg
respond to changes in 

Hg deposition?
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Mercury Mobility in Relation to Mercury Mobility in Relation to 
DOC Quality across a Wetland DOC Quality across a Wetland 
GradientGradient

Jason DittmanJason Dittman11, Jamie Shanley, Jamie Shanley22, , 
Charles DriscollCharles Driscoll11, George Aiken, George Aiken33, Ann , Ann 

ChalmersChalmers22, Janet Towse, Janet Towse44

11Syracuse University; Syracuse University; 22U.S. Geological Survey, Montpelier, U.S. Geological Survey, Montpelier, 
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4Plymouth State University 



Dissolved Hg vs. DOC
Particulate Hg vs. POC

POC (mg C L-1)
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Total Hg vs. DOC
Total Hg vs. HPOA

DOC (mg C L-1)
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HPOA (mg C L-1)
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Total Hg vs. absorbance
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Logging Fluorometers

Installation 
at Hubbard Brook

Fluorescence



cDOM during 2008 leaf fall at Sleepers R.



 Humans exposed to Hg through fish consumption

 Hg pollution global: remote areas susceptible

 Dry deposition typically more important than wet

 Only ~10% of Hg reaches aquatic system

 Only ~10% of this Hg transforms to toxic methyl-Hg

 Hg, C, and S: Biogeochemical axis of evil 

 Landscape characteristics trump deposition (hot spots)

 Hg transport with OM, at high flow (hot moments)

 DOC quality matters

 Legacy Hg may “leak out” for decades, centuries

Conclusions: Mercury studies



 The small watershed approach is an enduring method for 

environmental study 

 Study of simple landscape unit helps isolate processes

 Long-term watershed studies are valuable benchmarks, 

barometers of change

 Watershed comparisons reinforce findings and/or lead to new 

inferences

 Findings and applications often serendipitous

Concepts



0

50

100

150

200

250

1
9

6
0

1
9

6
5

1
9

7
0

1
9

7
5

1
9

8
0

1
9

8
5

1
9

9
0

1
9

9
5

2
0

0
0

A
n
n

u
a

l 
S

O
2
 e

m
is

s
io

n
s
, 

k
g

 p
e
r 

c
a

p
it
a

Czech
Republic

USA

SO
2
 emission reductions



0

200

400

600

800

1000

1200

0.0001 0.001 0.01 0.1 1

S
u

lf
a

te
, 

µ
e

q
 L

-1

Discharge, mm hr-1

Black Triangle?

Pluhuv Bor
Czech Republic



0

200

400

600

800

1000

1200

0.0001 0.001 0.01 0.1 1

1991-1994  
1995-1998  
1999-2002       

-1

Discharge, mm hr-1

Pluhuv Bor, CR



Panola Mountain,
Georgia

Sulfate decreases 
with depth 

in groundwater

Sulfate is low at 
base flow and 

increases with flow

Overall, net sulfate 
retention due to 

adsorption in soil


