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Grimm and Fisher 1984, Hydrobiologia
Hynes 1983, Hydrobiologia
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• Connections are episodic and short-lived

• Flood regimes vary in time and space

• Floods bring water and nutrients from uplands to 
streams

• GW recharge occurs in stream channels
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The hyporheic zone as habitatThe hyporheic zone as habitat
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24Potential Production Supported
by Gravel Bar Nutrient Efflux

� Assumptions
• 10-m gravel bar flowpath, with water flux         

of 500 L/h, exchange area of 1 m2

• Nitrate-N increase from 2 to 80 µg/L
• O :C:N = 138:106:16 (Redield 1958; PQ=1.3)     

� Production supported = 18.9 g m-2d-1  
� Range of GPP reported = 2-15 g m-2d-1

Riffle

Run

Hot spots

Cold spots

• Henry and Fisher 
(2006) showed that 
periphyton distribution 
can be predicted by 
these outwelling ‘hot 
spots’. 

• Cyanobacteria are 
significantly less likely 
to occur at outwellings
than other sites.
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Valett et al. 1994Valett et al. 1994
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2.2 cm-wide leading edge is sufficient 
to explain observed N removal
2.2 cm-wide leading edge is sufficient 
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Potential denitrification rate = 0.002 mg g-1 h-1Potential denitrification rate = 0.002 mg g-1 h-1

StreamflowStreamflow
2.2

Key controls on microbially mediated 
biogeochemical transformations

Key controls on microbially mediated 
biogeochemical transformations

Nitrification: req. NH4, CO2, 
O2 

Denitrification: req. NO3, 
organic C, anoxia

Assimilation: req. NH4, 
NO3, or organic C, CO2 
or organic C, O2 or not

Dissimilatory NO3 
reduction: req. NO3, 
organic C, anoxia

And so on…..

Nitrification: req. NH4, CO2, 
O2 

Denitrification: req. NO3, 
organic C, anoxia

Assimilation: req. NH4, 
NO3, or organic C, CO2 
or organic C, O2 or not

Dissimilatory NO3 
reduction: req. NO3, 
organic C, anoxia

And so on…..

Biogeochemical 
Transformations

energy, 
C source

substrate 
stoichiometry

redox 
conditions

substrate 
concentration

type and stoichiometry 
of primary producers
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Baseflow exchange? Baseflow exchange? 
• Localized regions of 

very rapid entry of SW 
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• All piezometers had 
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Does the riparian zone retain or transform
N supplied by the surface stream?
Does the riparian zone retain or transform
N supplied by the surface stream?
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What causes the difference in 15N between riparian 
species?
H1:  Distance from the active channel
H2:  Use of different water sources
H3:  Differences in growth rate

What causes the difference in 15N between riparian 
species?
H1:  Distance from the active channel
H2:  Use of different water sources
H3:  Differences in growth rate

Schade et al. 2005 JNABS
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N input to reach

N input from stream to riparian zone
0.6 kg = 0.34 kg NO3

- -N + 0.26 kg NH4
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N uptake
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m
g 

N
/k

g 
dr

y 
so

il

0

5

10

15

20

25

30

35

Apr 03 July  Nov Feb 04 

Soil (solid) and microbial (dotted) 
responses to storms

Jan 03 Apr July Oct Feb 04 
0.0

0.1

0.2

0.3

0.4

0.5

Upstream
Downstream

T
ot

al
 N

 (
m

g/
L)

Pulses of N seen in river chemistry

surface

deep (seasonally saturated)

Harms & Grimm, in review

0

20

40

60

80

100

120

140

160

180

200

N
itr

at
e,

 m
g/

L

7/25/01 8/21/01 7/25/02 7/29/02 8/13/02

2001 2002

Soil water nitrate concentration (riparian)Soil water nitrate concentration (riparian)



10

0

1

2

3

4

5

6:00 11:00 16:00 21:00 2:00 7:00

D
is

ch
ar

ge
, m

3 /
s,

 N
itr

at
e,

 m
g/

L discharge

nitrate

0

1

2

3

4

5

12:00 17:00 22:00 3:00 8:00 13:01

D
is

ch
ar

ge
, m

3 /
s,

 N
itr

at
e,

 m
g/

L
0

50

100

150

200

250

300

S O N D J F M A M J J A S O

C
um

ul
at

iv
e 

da
ily

 p
re

ci
pi

ta
tio

n 
(m

m
)

• Wetter 2001 antecedent soil 
moisture conditions resulted in 
larger summer floods, lower 
stream nitrate concentration.

• Drier conditions produced higher 
stream [NO3-] concentrations, 
lower magnitude floods. 
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Wells were installed to 1-1.5 m 
depth beneath the water table

well depth: 0.25-4.0 m

saturated zone

Spatial heterogeneity in nutrient biogeochemistry 
corresponds to hydrogeomorphic template
Spatial heterogeneity in nutrient biogeochemistry 
corresponds to hydrogeomorphic template
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Because desert 
streams are so flashy…

patterns of N retention 
associated with riparian 
vegetation may be highly 
variable from year to year


