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Erosion Rates Over Millennial and
Decadal Timescales: Measurements at
Caspar Creek and Redwood Creek,
Northern California
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Erosion rate measurements are essential for mod-
eling landscape evolution and for discerning how sed-
iment loading affects stream ecosystems. Cosmogenic
nuclides such as 'OBe in stream sediments can be
used to measure whole-catchment erosion rates aver-
aged over thousands of years, a timescale that is un-
observable by other methods. Comparing long-term
erosion rates from cosmogenic nuclides with short-term
sediment yields can shed light on erosional processes
and on the effects of land use on sediment delivery to
streams. Using cosmogenic 10Be, we measured erosion
rates averaged over the past several thousand years at
Caspar Creek and Redwood Creek in Northern Califor-
nia. Sediment yields have also been measured at Caspar
Creek since 1963 using sediment trapping and gauging
methods, and sediment yield data have been collected
at Redwood Creek since 1974. The cosmogenic 10pe
signature of Caspar Creck sediments indicates an aver-
age erosion rate of 0.13 mm/yr, which agrees with the
short-term sediment yield data within error. The cos-
mogenic 19Be signature of Redwood Creek sediments
implies an average long-term erosion rate of 0.3 mm/yr,
which is in rough agreement with traditional measure-
ments of stream sediment flux. These results imply
that the rate of sediment delivery to Caspar Creek and
Redwood Creek over the past few decades is broadly
consistent with the long-term average rate of sediment
production in these watersheds.
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Lichenometry’s Black Box:
Demographic Characteristics of
Rhizocarpon geographicum and
Pseudophebe pubescens Inferred from
‘Whole Population Size-Frequency
Distributions
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For decades, geologists have used the inferred ages
of crustose lichens to date geomorphic landforms. Tra-
ditionally, lichenometry relies upon the assumption
that the size of the largest lichen thallus in a popu-
lation reliably predicts the age of the landform. But
in a given population, both the largest lichens and
the probabilities of finding them are determined by
the size frequency distribution of the population, a
demographic characteristic controlled by the popula-
tion’s particular rates of colonization, growth, and
mortality.  These rates, and their variability, are
driven by biological processes that are difficult to ob-
serve directly in the slow-growing lichen species fa-
vored by lichenometrists. To improve our understand-
ing of these demographic characteristics- lichenome-
try’s ”black box”- we documented the size-frequency
distributions of two lichen species, Rhizocarpon geograph-
icum and faster-growing Pseudophebe pubescens, in pop-
ulations growing on well-dated lakeshores in south-
central Alaska. We sampled whole populations on 5
lakeshores ranging in age from 53 to 172 years old, as-
sembling a dataset of over 15,000 measurements. The
results reveal distinct trends shared by both species.
On lakeshores of all ages, they consistently maintain a
small modal size class (~ 3mm for Rhizocarpon, ~ 8 mm
for Pseudophebe), and frequency declines exponentially
above the mode, extending to the largest size classes
on the oldest surfaces. These data serve to constrain
numerical demographic models of the full lichen popu-
lation. Model results imply that colonization does not
occur as a single pulse after substrate exposure, but
instead occurs steadily after some initial lag. These
lichens also undergo substantial mortality. For both
species, models using steady mortality of 2% /year fit
the data significantly better than models assuming zero
mortality. This result could explain the discrepancy be-
tween lichenometrists’ ”great growth,” a common em-
pirical observation that largest lichen sizes increase
most rapidly with age on the youngest substrates, and

the seemingly contrary observation that careful re-
peated measurements of individual lichen thalli often
show lichen radial growth rates increasing with thallus
age. More importantly, this and other results offer the
opportunity to assess quantitatively the accuracy and
utility of lichenometric dating in a variety of contexts.
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Representing the Landslide
Magnitude-Frequency Relation of a
Glaciated Basin, Coastal British
Columbia.
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Magnitude-frequency analysis is used here as a sta-
tistical method to quantify the erosion produced by
rapid shallow failures in a glaciated basin of coastal
British Columbia. Coupling air photo and ground-
derived data we prove that the deviation from power-
law distribution observed for small magnitude is an
artefact of detection deficiencies. However, the total
distribution shows to be not sensitive to the occurrence
of small mass failures and total erosion remains well
represented in the API-derived data. Our dataset also
denotes a real deviation from simple scaling at much
higher magnitudes, the cause of which is currently un-
der investigation.
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Thirty-four pedons on 12 moraines (4 moraine
groups), were examined in Santa Cruz province, Ar-
gentina. Ages of the four moraine groups are 16-24,
110-185, 200-760, and 760-1016 ka based on cosmogenic
surface exposure dates and stratigraphic relationships
to 40Ar/39Ar dated basalt flows. The soils are clas-
sified primarily as Calcic Haploxerolls and occur un-
der short grass steppe with about 200 mm yr-1 pre-
cipitation on glacial sediments derived from igneous
and metamorphic rocks of the Andean Cordillera. The
dominant soil-forming processes are melanization (ac-
cumulation of organic matter) and calcification (accu-
mulation of secondary carbonates). Based on limited
sampling, dust in Patagonia is enriched in organic car-
bon and CaCO3. Age related differences in soil de-
velopment on moraines were tested with ANOVA and
reported at the p <0.05 level. A-horizon organic car-
bon quantities increase with age (1.3, 1.4, 2.4 and 2.4
kg m-2 for the four groups). The maximum carbon-
ate morphology stage, thickness of the calcic (Bk) hori-
zon, profile development index, and profile accumula-
tion of calcium carbonate (3.3, 16.6, 42.1 and 31.8 kg
m-2) increase with age. Rates of carbonate accumula-
tion are similar for the youngest three moraine groups,
but much lower for the oldest group (183, 118, and 140
as opposed to 40 g m-2 kyr-1). The implications of
these data are: 1) soil OC may be stable in this envi-
ronment and continue to accumulate in soils over very
long time periods, 2) rates of carbonate influx in this
area are significant but less that in other semiarid ar-
eas, and 3) these rates have been constant for the last
few glacial-interglacial cycles, but an equilibrium is ap-
proached after about 800kyr.
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Quantitative Prediction Models of
Landslide Dependent on Lithology
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The most common type of landslide in Korea is
debris flow taken place on natural terrain covered
by thin unconsolidated weathered rock or soil. The
landslides are initiated by regolith failure at shallow
depth. KIGAM research team has performed a research
project to develop a quantitative prediction method
of landslide. Detailed survey of landslides was con-
ducted for 198 landslides among 1,600 landslides in a
region of metamorphic rocks and granites, and 1,500
landslides in sedimentary rocks and volcanic rocks re-
gions. The landslides were investigated at the scale
of both 1:50,000 and 1:5,000 to obtain landslide trig-
gering factors. The items investigated for each land-
slide are lithology, weathering degree, discontinuity,
type of landslide, slope geometry, cross section of land-
slide, triggering position, length, width, depth and vol-
ume. Fourteen physical and mechanical properties of
soil samples were tested for 139 specimens of undis-
turbed samples. In order to select landslide trigger-
ing factors, the investigated and tested items were an-
alyzed using the logistic regression method. Seven fac-
tors from metamorphic rocks and granites were chosen
as the triggering factors of landslides. Five factors were
also chosen as the landslide inducing factors from sed-
imentary rocks and volcanic rocks. The logistic regres-
sion method produced two models of logit equations
that can calculate absolute landslide probability. Be-
cause the computation results of logit equations present
as type of percentage, it is easy for the common peo-
ple to understand the meaning of landslide probability.
Verification of the landslide prediction models showed
more than 90% of prediction accuracy. Finally eight
sheets of quantitative landslide probability map were
produced based on the landslide prediction models at
the scale of 1:5,000.
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Effects of Tropical Forest Conversion on
Hydrologic Response: Process
Implications for Potable Water and
Sediment Budgets in Karstic Uplands

David G Chandler (435.797.7326;
dchandle@mendel.usu.edu)
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State University, Logan, UT 84322-4820

Conversion forest to agricultural land has been at-
tended by marked hydrological and ecological responses
and has arguably made a considerable contribution to
global change. These changes have been less well stud-
ied in the tropics than in temperate climates, yet the
impact of such changes is more immediate for rural
landholders in the tropic than for western, industrial-
ized societies, who rely on infrastructure to buffer the
effects of global change. The most immediate concern
of upland farmers in Leyte, Philippines was the decreas-
ing availability of water, both for household and agri-
cultural use. They attributed the changes in hydrology
to deforestation, but were unclear about the hydrologic
processes involved. The primary goal of development
organizations conducting projects in the region was soil
conservation, through implementation of erosion con-
trol practices. This study was conducted to identify the
mechanisms governing hydrologic change and soil loss
in a succession of land uses. Forest removal was found
to have less dramatic impacts on surface runoff than
did subsequent changes in the soil associated with agri-
cultural use. Soil erosion was more strongly associated
with soil disturbance than with extent of surface runoff.
The interplay between the shift in hydrologic processes
and disturbance frequency for the agricultural land uses
resulted in the proposed conservation practice exacer-
bating the erosion rates within the catchments. Al-
though on site erosion for the pasture catchment was
minimal, this treatment was found to have the lowest
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infiltration capacity and likely contributed greatly to
the loss of perennial springs in the uplands and ero-
sion of lowland rice paddies. These results suggest that
land uses and agricultural practices that maintain soil
infiltration capacity will have the greatest success in
maintaining local potable water sources and reducing
soil erosion.
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Suspended-Sediment Export From Four
Small Montane Humid-Tropical
Watersheds With Varying Land use
and Lithology, Puerto Rico
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Intensive land-use conversion of forested landscapes
to agricultural use accelerated in most of the global
tropics during the 20th century and has resulted in
large increases in soil erosion and suspended-sediment
export. Fluvial sediment is one of the most abundant
freshwater contaminants on earth. Stormflows episod-
ically transport sediment to reservoirs, estuaries and
in coastal waters where coral reefs are located. The
sediment and associated contaminants such as pesti-
cides, herbicides, and fertilizers, degrade water qual-
ity and are harmful to aquatic organisms in these ar-
eas. Improved understanding of the processes and
rates of fluvial sediment transport in natural and an-
thropogenically disturbed settings enhances manage-
ment of natural resources and aids in the establishment
of standards for acceptable sediment concentrations.
Four USGS WEBB (Water, Energy, and Biogeochemi-
cal Budgets) study watersheds in Puerto Rico (18° lat-
itude) were paired to compare and contrast the effects
of land use and bedrock geology on suspended-sediment
yield. Sediment concentration, calculated as sediment
yield normalized to runoff, was more than three times
greater in two watersheds in secondary forest and pas-
ture compared to sediment concentration in watersheds
in primary forest. The influence of lithology was com-
parable: sediment concentration in intrusive-bedrock
(quartz diorite and granodiorite) watersheds was more
than three times higher than sediment concentration in
volcaniclastic-bedrock (volcanic sandstone, mudstone,
and breccia) watersheds. These contrasts highlight the
well-known effect of land use on sediment concentra-
tion and yield but also demonstrate the strong control
of bedrock geology. Most importantly, the high sed-
iment yields in the watersheds that were converted to
pasture and secondary forest, even after 60 years of for-
est reestablishment, provide a glimpse into the future of
tropical watersheds elsewhere that are now undergoing
deforestation. Erosion rates observed in agriculturally-
developed watersheds are substantial in regard to reser-
voir storage. Public water supply for the city of San
Juan (population 1.6 million) is largely derived from
surface-water storage. The principal San Juan reser-
voir lost approximately 60 percent of its storage capac-
ity from siltation in the 40 years following impound-
ment in 1954. The reduced storage capacity resulted
in severe water rationing for San Juan during several
droughts during the past decade.
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The Suspended-sediment Conveyor Belt
in Humid Tropical Puerto Rico

Allen C Gellis (410 238-4281; agellis@usgs.gov)
US Geological Survey, 8987 Yellow Brick Road, Balti-
more, MD 21237

The production, transport, and delivery of sediment
from hillslopes to channels and to the sampling point
in humid-tropical Puerto Rico can be visualized as a
conveyor belt that is affected by hydrologic character-
istics of the current event, previous events, and between
events. In Puerto Rico a model of how the conveyor belt
operates in four basins of differing land use (forest, pas-
ture, cropland, and urban was developed using 3,096
suspended-sediment samples and 754 storm-generated
runoff events collected from 1989 though 1995. In-
strumented basin areas ranged from 3.26 km? to 19.4
km Statistical analysis included multiple regression
and principal components analysis. The suspended-
sediment conveyor belt operates differently as sediment
supply increases. In the forest and pasture basins, sed-
iment sources are minimal, typically as landslides, and
large storm-generated runoff events supply sediment
to the channel where it is deposited and becomes the
source of sediment for the next runoff event. Clockwise
hysteresis loops are common in the forested basin and
support the idea that the channel is a source of sedi-
ment. In the forest basin, runoff and rainfall occurring
between events flush some of the sediment in storage,
while in the pasture basin, rainfall and runoff occurring
between events supply sediment to the channel. In the
cropland basin, sediment sources increase, and large
rainfall events supply sediment to the channel where it
is flushed by the storm-generated runoff. Rainfall be-
tween events also supply sediment to the channel where
it is flushed by high flow between events. In the urban
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basin with widespread sediment sources from construc-
tion activities, storm-generated events and high flows
between events flush sediment from hillslopes and chan-
nels. Sediment is made available on hillslopes by con-
struction activities such as land clearance and bulldoz-
As sediment supply in a basin increases, channel
hysteresis loops trend from clockwise to counterclock-
Disturbance in watersheds draining fine grain
soils will more likely exhibit counterclockwise hystere-
sis loops as sediment that is entrained remains in sus-
pension longer, often peaking after the peak flow. The
role of previous storm events in flushing sediment be-
comes more important as disturbance in a basin in-
creases.

ers.

wise.
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Urban runoff and its impact on water quality in
Hawaii, especially after heavy rainfall, is highly dy-
namic. In the past, water quality was determined
through “grab samples” that were merely snapshots in
time of an ever-changing environment. In contrast,
continuous measurements of water quality can cap-
ture data that reflect the effects of significant storm
runoff events unobtainable using even frequent manual
sampling. Continuous multiparameter monitoring fa-
cilitates investigation of the both the magnitude and
persistence of impacts of storm runoff on coastal wa-
ters, which can eventually be related to the health
of coral reef ecosystems. Taking advantage of recent
technological developments in oceanographic instru-
mentation, our study assembled an instrument pack-
age dubbed Coral Reef Instrumented Monitoring Plat-
form (CRIMP). CRIMP was designed to include probes
that measure physical and biological parameters (tem-
perature, salinity, pH, dissolved oxygen, turbidity, and
chlorophyll-a), nutrient analyzers (nitrate and phos-
phate), and a particle analyzer based on laser in-situ
scattering and transmissometry. Various components
of the CRIMP were previously used in conjunction with
grab samples with the objective of elucidating the wa-
ter quality of southern Kaneohe Bay and its relation-
ship to physical, biological, and chemical processes op-
erating in the bay, and to coral reef ecosystems. All
instruments are now being combined on the CRIMP,
and will allow us to study in near real time changes
in fluvial inputs to the bay during storm runoff con-
ditions and their impact on bay water quality and the
coral reef ecosystem. In this presentation we discuss ef-
fects of freshwater delivery on adjacent coastal waters
during high rainfall episodes (May 2002 and Feb 2003)
that result in large runoff events and increased nutrient
loading to coastal waters. Dissolved inorganic nitrogen
to phosphorus ratios (DIN:DIP) in the Bay normally
range from 2 to 4, suggesting a nitrogen-limitation
that has been confirmed by nutrient-enrichment ex-
periments. Elevated DIN:DIP values for storm runoff
(25) change significantly the proportion of dissolved
nutrients available for biological uptake. Significant in-
creases in Chl-a concentrations in the bay a few days
after storms suggest that phytoplankton growth was
stimulated by the excess nutrients. The extremely low
phosphate levels combined with the very high DIN:DIP
values in Bay waters imply that phosphorus was the ul-
timate limiting-nutrient. Therefore, stream runoff has
the potential of shifting the “normal” nitrogen-limited
environment into a phosphorus-limited ecosystem. This
shift has consequences for the management of fluvial
nutrient inputs to Kaneohe Bay.
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The Pang Khum Experimental Watershed in North-
ern Thailand has been the site of ongoing hydrologic
studies since 1997. Current efforts are focused on quan-
tifying the impacts of agricultural practices versus new
unpaved roads on sediment delivery to streams. To sup-
port this effort, we conducted a field survey of channel
initiation mechanisms on hillslopes and roads in the wa-
tershed and modeled the boundaries of erosion regimes
in slope-area space using a high resolution digital eleva-
tion model. Field results show that three channel initi-
ation mechanisms operate in the watershed: 1) shallow
landsliding, 2) erosion by overland flow, and 3) spring
sapping. Locations susceptible to these processes plot
in distinct fields on a graph of slope versus area, and
channel heads on rods plot in yet another field. Fur-
ther, channel heads formed by any of these mechanisms
fall in a region on a slope area plot that separates chan-
neled and unchanneled convergent topography.
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Multi-year observations reveal a distinct seasonal

pattern in the transport of bedload material in stream
draining a 94-ha headwater basin in northern Thailand.
The patterning is related to the presence of a monsoon
rainy season, during which 90% of the annual 1200-1400
mm of rainfall occurs. Mean daily bedload transport
during the wet season (mid-May through October) is
3-4 times greater than that during the drier months.
More than 70% of the annual bedload total is mobilized
during the wet season. A clock-wise hysteresis pattern
characterizes the annual time series, such that more
material is mobilized per unit discharge during the wet
months than the drier months. This phenomenon re-
sults, in part, from two processes related to the mon-
soon climate regime and the current land-use: (a) large
volumes of bedload are transported during a handful of
short, flashy runoff events; and (b) bedload material is
continually re-supplied during the wet period by runoff
entering the stream from the road network. Also appar-
ent in the annual transport pattern is a coarsening of
bedload transported during the wettest months, when
mean daily stream flow is 4-5 greater higher than that
during the drier months. The size of material trans-
ported during storm events appears to be limited by
the bed architecture (e.g., imbrication) up to a thresh-
old discharge of about 2/3 bank full discharge (QBF =
0.5 cms). In five years of monitoring, QBF has been ex-
ceeded only once. The largest stone transported during
that event was 10.65 kg; the diameter of the b-axis was
0.21 m.
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Increases in sediment delivery rates

marine environments

into tropical
may pose a serious threat to
nearshore coral reef communities. The island of St.
John in the U.S. Virgin Islands is at particular risk be-
cause the areas outside of the Virgin Islands National
Park are being subjected to rapid development, 80% of
its land surface has slopes greater than 30%, and the
average annual erosivity is 13,500 MJ mm ha™ 1 hr— 1.
The objectives of this study were to: (1) measure ero-
sion rates from a variety of anthropogenic and natural
and (2) develop a GIS-based model to esti-
mate basin-scale increases in sediment delivery. Sedi-
ment production rates were measured from unsurfaced
roads, road cutslopes, undisturbed hillslopes, stream-
banks, and treethrow. Unsurfaced roads had the high-
-2 -1

yr 5
-2

sources;

est erosion rates with values of up to 38 kg m
while road cutslopes generated only about 0.8 kg m

yrfl, Since undisturbed areas generated only 0.001
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kg m™ yrfl, unsurfaced roads can increase hillslope-
scale sediment production rates by up to four orders of
magnitude. Sediment production rates from erodible
streambanks were estimated to be nearly 13 kg m™ 2
yr~1, while uprooting of trees along stream margins
was estimated to deliver 0.17 kg yr71 of sediment per
meter of stream length. The St. John Erosion model
(STJ-EROS) uses a series of empirical sediment pro-
duction models and sediment delivery ratios to estimate
watershed-scale sediment yields in a GIS-based system.
Using this model, the estimated sediment yields for the
highly-developed 6.0 km? Fish Bay basin was 41 tons
km~2 yr~ ©, while the estimated sediment yield for the
less-developed 4.3 km?2 Lameshur Bay basin was only 11
tons km—2 yr— 1. The model simulations suggest that
current sediment yields are seven and four times above
undisturbed conditions in the Fish Bay and Lameshur
Bay basins, respectively. The predicted sediment yields
are consistent with measured sediment yields and sed-
imentation rates in both Fish Bay and Lameshur Bay.
In both cases actively used unsurfaced roads were iden-
tified as the dominant source of sediment. Cutslopes
and streambanks played a secondary role in total sedi-
ment yields, while undisturbed hillslopes and treethrow
contributed only minimal amounts.
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Previous water quality data strongly suggested the
presence of interbasin groundwater transfer (subsurface
seepage beneath topographic boundaries) into lowland
rainforest watersheds at our study site in Costa Rica.
This hypothesis was tested by using physical hydro-
logic data and water quality data (major ion concentra-
tions) together to construct water and chemical budgets
for two small adjacent watersheds at the site, the Ar-
boleda (50 ha) and Taconazo (26 ha). Water budgets
were computed for four consecutive 12-month periods
beginning 1 December 1998 and ending 30 November
2002. Major ion budgets were computed for the latter
two of these four budget years (12/00-11/01 and 12/01-
11/02). Streamflow was continuously measured at a
V-notch weir on each watershed, rainfall was measured
with tipping bucket gauge in a nearby clearing, the (in-
significant) change in water storage each budget year
was estimated from the difference in water table eleva-
tion between the start and end of the year, and ET was
estimated using Li-cor pyranometer data for our bud-
get years and an empirical relationship between annual
Priestly-Taylor ET estimates and annual pyranometer-
based energy inputs at our site. Chemical data were
used to distinguish between two chemically different
waters (high-solute ”"bedrock groundwater” and low-
solute ”local water”) in streamflow and in interbasin
groundwater transfer (IGT). The water budgets unam-
biguously confirm a large IGT into the Arboleda wa-
tershed; on average about 15,000 mm of water entered
the watershed each year, 5,000 from rainfall and 10,000
from IGT. About 44% of the IGT was bedrock ground-
water, and the remainder was low-solute local water,
chemically identical to subsurface water derived from
rainfall onto the watershed. The Taconazo had little or
no IGT (the water budgets and chemical data show no
IGT of bedrock groundwater and a small positive IGT
of local water that is not clearly distinguishable from
zero, given the uncertainties in the budgets). Chemical
budgets differed even more greatly than water budgets
between the two watersheds, because of the large differ-
ences (factors of 13 to 30) in major ion concentrations
between bedrock groundwater and local water. Annual
Na, K, Mg, Ca, Cl, and SO4 budgets in the Arboleda
were dominated by the roughly 4,400 mm of bedrock
groundwater IGT (this accounted for about 93% of the
inputs of these six ions to the watershed). IGT of local
water accounted for about 4% of major ion inputs, and
atmospheric deposition less than 3%. Results show the
importance of IGT to the hydrologic and geochemical
status of lowland rainforest in this area, and suggest
the clear need to account for IGT in small watershed
studies from which conclusions are to be drawn regard-
ing the hydrogeochemistry of a particular land use or
landscape type. IGT may be an important link between
distant upland and lowland areas through an interposed
groundwater system, and as such should be considered
in both practical and research-oriented water resource
questions.
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In many regions with high N inputs from human ac-
tivity, large unmeasured N sinks have been inferred by
comparing watershed inputs and outputs. One of the
most likely N sinks is N uptake or denitrification within
or adjacent to the stream channel. Recent research con-
ducted as part of the LINX project helps to quantify
some of these sinks and pathways. In 10 headwater
streams, 15-NH4 was added at tracer levels and tracked
through the various pools and fluxes of the N cycle.
Results show that whole-stream enrichments (where N
concentration is increased over background concentra-
tions to determine N uptake) underestimate ambient
rates of N uptake; that nitrification can be a very large
fraction of NH4 uptake; that NH4 removal is related to
Q and not biotic characteristics of the stream; and that
NO3 uptake is often 10-fold slower than NH4 uptake.
Given the very rapid N cycling in headwater streams, N
losses in large rivers may be much more closely tied to
these headwater processes than previously recognized.
This is especially likely in watersheds where non-point
source inputs are dominant.
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Denitrification is one of the most important pro-
cesses removing nitrate from streams and rivers before
it is delivered to coastal ecosystems, but denitrification
is difficult to quantify at the reach scale. We conducted
a reach-scale isotopic tracer test to measure denitrifica-
tion and other related processes in a nitrate-rich stream
in the upper Mississippi River basin in September 2001.
Bromide and N-enriched nitrate were injected into
the stream for 7 hours, yielding plateau concentra-
tions in the stream for a distance of approximately 1
km. Concentrations of bromide were used to determine
transport parameters and ground-water inputs. The
concentrations and isotopic compositions of nitrate, ni-
trite, and nitrogen gas were used to determine reach-
scale rates of nitrate addition and denitrification. This
was done by combining the data in a forward-stepping
numerical model that simulated a parcel of water mov-
ing through the reach, subject to denitrification, nitri-
fication, ground-water discharge, and air-water gas ex-
change with changing temperature. The mass fluxes of
nitrogen gas were dominated by discharge of denitrified
ground water and air-water gas exchange, whereas the
flux attributable to denitrification was relatively small.
Nevertheless, there was systematic 1N enrichment of
the nitrogen gas going downstream indicating denitri-
fication of surface-water nitrate. The reach-averaged
rate of denitrification indicated by the isotopic tracer
was equivalent to 130 pumol/m2/hr (as benthic flux),
0.7 pmol/L/hr (as zero-order rate constant), or 0.01/hr
(as first-order rate constant). This rate of denitrifica-
tion should have been sufficient to reduce the nitrate
load substantially within the tracer reach; however, the
denitrification loss was more than offset by addition
of nitrate from a combination of nitrification and dis-
charge of ground-water nitrate. Consequently, there
was a net increase in the nitrate load even though den-
itrification was a major sink for N in the stream. The
in-stream nitrate isotopic tracer experiment provided a
sensitive direct reach-scale measurement of denitrifica-
tion in a nitrate-rich stream where other mass balance
methods were not definitive because of insufficient sen-
sitivity or offsetting sources and sinks.
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Acid mine drainage (AMD) contaminates between
8,000 and 16,000 km of streams on U.S. Forest Service
land in the Western United States and more than 7,000
km of stream in the Eastern U.S. Relatively little is
known about nitrogen cycling in these acidic, heavy
metal laden streams, however, denitrification can be
inhibited under low pH conditions. The objective of
this research was to examine AMD sediments for bac-
teria capable of denitrification. The process of deni-
trification is known to increase pH, which may be par-
ticularly important in acidic environments. Denitrifi-
cation potential was assessed in AMD sediments from
several Colorado AMD impacted streams ranging from
pH 2.6 to 4.91, using microcosm incubations with fresh
sediments. Added nitrate was immediately reduced to
nitrogen gas without any lag period, indicating that
denitrification was actively occurring in these environ-
ments. Rates varied from 0.33 to 2.52 umoles NO3-N/
g-sediment/ day depending on the site. The pH of the
microcosms increased between 0.23 to 1.49 pH units in
5 days, depending on the site. Additional microcosm
studies were conducted to examine the effects of iron
concentrations (Fe2+ and Fe3+), initial pH conditions,
and several potential electron donors. Addition of iron
above ambient concentrations seemed to have little ef-
fect on denitrification rates, whereas rates increased
with increasing initial pH. The addition of carbon and
hydrogen stimulated denitrification rates, which in turn
increased the rise in pH. These results suggest that not
only is denitrification possible in AMD streams, it may
also be a useful remediation option, if suitable methods
can be found to stimulate activity.
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The interface between surface water and ground wa-
ter in riparian zones influences the quality and quan-
tity of waters moving between linked reservoirs. Mi-
crobial respiration along this interface, for example,
can act as a sink for dissolved nitrate, organic car-
bon, oxygen, and sulfate. We are investigating the re-
moval of nitrate in a river draining the Pajaro Valley,
a coastal, agriculturally-developed watershed that fea-
tures elevated nitrate levels and groundwater pumping
in excess of recharge (overdrafting). During summer
base flow (discharge ~ 0.3 m3 /sec), when no significant
precipitation has fallen in the valley for 2-3 months,
the Pajaro River consistently loses 0.1-0.2 m3 /sec of
its discharge to the underlying alluvial aquifer along
a 10-km reach east of Watsonville, CA. At the same
time, nitrate concentrations (which are typically in ex-
cess of the EPA MCL), decrease by ~30% along this
reach. An observed a decrease in nitratre/chloride ra-
tios along this reach suggests that biologic uptake (as-
similative or dissimilative), not dilution, is primarily
responsible for the observed decrease in nitrate concen-
trations. Sulfate/chloride ratios also decrease, and this
along with pore water profiles obtained from streambed
(peeper) samplers, suggests that dissimilitary nitrate
reduction (denitrification) is primarily responsible for
a significant fraction of the observed nitrate decrease.
We performed a series of tracer experiments to quantify
discharge, storage parameters, travel time, and nitrate
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