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Abstract
Chaparral ecosystems in Southern California receive high rates of atmospheric N deposition, and 
elevated N additions are known to induce deleterious effects to both terrestrial and aquatic ecosystems.   
We studied N dynamics in a 4.3-hectare Chamise dominated watershed located in the foothills of the 
western Sierra Nevada to document the response of seasonally dry Mediterranean catchments to 
elevated rates of N deposition. During our study, we measured stream discharge  and stream water 
DIN, DON, DOC, base cations, and chloride during the 2003 and 2004 water years. Our results 
suggest that during a wet year, stream N export can be in excess of atmospheric N inputs, but for a dry 
year, N retention can be significant. DIN export patterns were typical of Mediterranean ecosystems 
exhibiting a strong nitrate flush during storms at the onset of the wet season, but with DIN 
concentrations remaining elevated regardless of decreases in stream discharge.  Further research will 
provide a better understanding of N dynamics as we integrate measurements of DON, DOC, base 
cations, and chloride. 
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Results and Discussion

Introduction

Methods

Elevated rates of N deposition can disrupt ecosystem functioning by 
increasing nitrification rates.  Because nitrification is an acidifying process, 
this can result in changes in stream chemistry, soil acidification, and plant 
nutrient imbalances.

Ecosystems in Southern California can receive between 9-97.5 kg of atmospherically 
deposited N ha-1 yr-1, yet information  on N budgets for seasonally dry Mediterranean
watersheds is limited.

In this study, we measured N inputs and outputs for a Chamise dominated watershed 
in the western foothills of the Sierra Nevada (Sequoia National Park) to understand N 
dynamics  in response to elevated rates of atmospheric N deposition and to develop 
a N budget.

Conclusions
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Stream Chemistry Patterns

• First rain event of the year increases [DIN] 

• [DIN] decreases with increasing number of 
storms

• Last rainstorm event of the water year has 
lower [DIN] than previous rain events

• [NO3
-] in various occasions remains elevated 

despite decreases in discharge

• Infiltration of high [DIN] surface water

• Interflow may maintain [DIN] elevated  
despite decreases in discharge

Worked record

•Stream discharge and chemistry at 
15 min intervals (data interpolation)

Study Site

•4.3 ha Chamise Dominated 
Watershed

•680-800 m elevation

•Ultic Haploxeralfs

•Deep and well drained

•Well developed argillic horizon

•Moist (fall-spring) and dry 
(summer)

•Mediterranean climate

Data collection

•Inputs

•Fenn Collectors (throughfall and open site)

•Outputs

•Stream chemistry (DIN, DON, DOC, Cl-, Ca2+, 
Mg2+, K+, SO4

2-, PO4
3-

•Mineralization and Nitrification

•Intact soil core method (DiStefano and Gholz, 
1986)

•50 m transects

•Six sets of duplicate cores

•4 cm diameter PVC tubes to a 10 cm depth

•Soil temperature and moisture

2003 Water year DIN concentrations

N Inputs and Outputs

Water 
year

Atmospheric Deposition N inputs (kg/ha) Stream N losses

2003

Fenn Collector
Throughfall (Chamise)

Open Meadow
9.3
4.1 7.0

NADP (wet deposition)
Giant Forest Chemistry 6.2

2004

Fenn Collector
Throughfall (Chamise)

Open Meadow
N/A
N/A 1.0

NADP (wet deposition)
Giant Forest Chemistry 1.2

Atmospheric N deposition and TDN outputs (kg ha-1).  Nitrogen deposition inputs based on Fenn collectors located at our site.  Fenn collector data for the 2004 water year is 
currently being processed.  Estimates of atmospheric N deposition using NADP data are based on precipitation chemistry from Giant Forest  (approximately 4 miles NE from 
our site; elevation 2,000 m) and precipitation volumes measured at our site.

2004 Water year DIN concentrations

Stream Chemistry Patterns

• Similar pattern to 2003 water year

• However, 

• Because of fewer rain events, [DIN] is 
of lesser magnitude

• The 2003 water year flushed large 
quantities of N, potentially reducing the 
magnitude of N flushing events during 
the 2004 water year

DIN Export Loads by Storm

Mineralization

• Large negative mineralization 
and nitrification rates following 
first rain event of the year.

• Indication of N 
immobilization

• High water availability to 
water stressed 
microorganisms.

Nitrification

• Similar patterns to N 
mineralization

• What controls nitrification and 
immobilization during the dry 
summer months?

Nitrogen Retention

• Wet year: Results in elevated N losses likely 
due to flushing events

• Dry year:  Reduced stream water N losses.  
Gaseous N losses (NO, N2O) may become 
increasingly important

• Because of large N losses the watershed 
appears to be N saturated

Nitrogen Export

• Dry N deposition accumulates over surface 
soils during dry summers

• First major rainfall event flushes large 
amounts of DIN

• Interflow or groundwater appears to feed 
stream water

• N loads decrease with increasing rain events

Future Work

• Include measurements of Cl-, Ca2+, Mg2+, K+, 
SO4

2-, PO4
3-

• Include work on N isotopes to determine 
major contributors to stream water

• Measurements of gaseous N flux (NO, N2O) 


