
How do stream – groundwater exchange and 
concentration-dependent nutrient uptake interact to 
control stream water nutrient concentrations? 
•  Streams lose and gain water and associated nutrients to and from 

the groundwater.  
•  In-stream nutrients are removed from the water column by 

biologically-mediated uptake processes. 
•  How do these processes interact at the watershed scale to modify 

and stabilize stream chemistry? 

MOTIVATION 

STUDY SITE: Bull Trout Watershed 

CONCLUDING THOUGHTS 
1.  Simultaneous losses and gains to and from the stream network lead to hydrologic turnover moving through 

stream network. 

2. This turnover process  results in shifting mixtures of streamwater source locations moving through the 
network. 

3. Biological uptake varies within the network with concentration -> this variability can be modeled with a 
Michaelis-Menten model where uptake increases at a decreasing rate with concentration. 

4. The interaction of hydrologic turnover and concentration-dependent nutrient uptake result in spatially variable 
but overall stable nutrient concentrations throughout this stream network. 

5.  What are possible interactions of the physical retention controlled by hydrologic turnover and biologically mediated 
retention of solutes in watersheds within the context of land use/land change or seasonal variability? 
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 PERCEPTUAL MODEL OF HYDROLOGIC TURNOVER   

A... B. 

EMPIRICAL FINDINGS: tracer tests 

Figure 3.  (A) Perceptual model of stream network with simultaneous gains and losses at each reach.  
Streamwater is lost and new water added from groundwater at each reach, resulting in a changing 
mixture of sources from each reach. (B) Simulated plot of discharge moving downstream from the 
headwaters. The height of each individual bar represents the contribution of discharge in that reach from 
the correponding unique source. Total height is total discharge.  

  

Figure 5. (A) Bull Trout watershed with two locations highlighted for modeling results.  (B) Model 
results at locations I and II in Bull Trout.  Blue lines represent lateral area entering the network at each 
distance downstream from the headwaters of the network. Lateral area is area that contributes directly 
to that location, in contrast to total catchment area. Gray bars are the percentage of discharge at either 
I or II contributed by stream reaches at the corresponding distance downstream from the headwaters. 

A. 

Figure 1.  (A) Location of the Bull Trout 
Lake Watershed in central Idaho, (B) 
detailed map of the 11.8 km2 watershed 
including tracer test experiment 
locations 1-10.  Numerical site 
identifiers correspond to relative sizes 
of watersheds for each site, with 1 
being the smallest and 10 being the 
largest.  Experimental sites were 
chosen to span the gradient between 
low-area, high-gradient hillslope 
streams to higher-area, lower-gradient 
valley-bottom streams.  

 Bull Trout Watershed (11.4 km2) 
•  Sawtooth Mts, central ID 
•  Granite and metasedimentary  
•  Mixed coarse and fine grained 

Pleistocene and Holocene 
sediments in valley bottoms 

•  Snow dominated precipitation 
regime 

•  Elevation ranges from 2100-2600 
meters 
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Figure 2. (A) Relationship 
between upslope area and 
discharge. (B) Measured gains 
and losses at ten reaches across 
Bull Trout watershed.  Note that 
numerical identifier of reach 
corresponds to relative size of 
reach watershed at each site 
(1B).  (C) Empirical relationship 
between percent loss and reach 
discharge developed from 18 
tracer experiments on the 10 
reaches (B) in Bull Trout 
watershed.  
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MODEL RESULTS FROM BULL TROUT 
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Figure 4. Model results 
in Bull Trout representing 
total discharge and the 
changing mixture of 
spatial sources moving 
downstream from the 
headwaters.  Total 
discharge is the total 
height of all color bands 
at each location. At a 
given position along the 
x axis, the thickness of 
an individual color band  
corresponds to the 
magnitude of discharge 
contributed to total 
discharge by that color. 
Each color represents 
water entering the main 
stem at a distinct location 
corresponding to 
distances on the color 
bar.  
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Biological Retention Physical Retention Total Retention 
Figure 7. Maps of Bull  
Trout indicating biological,  
physical, and total nutrient  
retention overlain on watershed  
upslope accumulated area (UAA)  
throughout the stream network.  
Darker blue locations indicate more  
convergent watershed locations. The  
magnitude of retention corresponds to  
the height of the bar. Retention range is  
indicated above each map. 
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Figure 6.  (A) Modified perceptual model of stream network 
with biological loss incorporated in addition to simultaneous 
gains and losses at each reach. (B) Results of nutrient addition 
study in Bull Trout watershed (red dots). Data are fitted with a 
Michaelis – Menten model (line). (C) Illustration of how 
concentration – dependent nutrient uptake rates can act to 
buffer nutrient uptake. Arrows indicate how oscillation along the 
kinetic curve can result in a buffering effect on nutrient 
concentrations. 

COMBINATION OF HYDROLOGIC TURNOVER WITH BIOLOGICAL UPTAKE 

MODEL RESULTS FROM BULL TROUT: Incorporation of Biological Uptake 

N Concentration 

Figure 8. Concentration of nitrogen through 
Bull Trout overlain on watershed upslope 
accumulated area (UAA). Concentration ranges 
from 16 to 20 µg L-1.. Darker red bars indicate 
locations with higher concentrations and lighter 
bars areas with lower concentrations.   
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