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and their feedbacks to regional and global climate con-
ditions. Boreal and arctic regions form a complex land
cover mosaic where vegetation structure, condition and
distribution are strongly regulated by environmental
factors such as moisture availability, permafrost, grow-
ing season length, disturbance and soil nutrients. The
timing of spring thaw in particular, can influence bo-
real carbon uptake dramatically. With boreal forests
accumulating 1% of their annual total accumulated car-
bon each day of the growing season, variability in tim-
ing of spring thaw can trigger total interannual vari-
ability in carbon uptake on the order of 30%. The
ability to quantifiably apply multi-year observations of
landscape freeze-thaw status of 1- to 2-day temporal
fidelity to ecosystem process studies in high-latitude
regions will allow improved assessment of modeled pro-
cesses for long-term monitoring. We utilize brightness
temperature measurements from the Special Sensor Mi-
crowave Imager (SSM/I) and the Scanning Multichan-
nel Microwave Radiometer (SMMR) to examine trends
in the timing of springtime thaw across the pan-boreal
high latitudes since 1979. We apply a temporal dis-
crimination technique to these data sets to determine
the timing of the primary springtime thaw events across
the pan-boreal high latitudes. We apply data from bio-
physical monitoring stations to quantify the sensitivity
to surface freeze-thaw state transitions and associated
vegetation biophysical processes under a variety of ter-
rain and landcover conditions. We develop a time se-
ries of landscape freeze-thaw products at regional and
pan-boreal scales across multiple years. These time se-
ries products demonstrate the highly complex spatial
and temporal nature associated with these critical pro-
cesses. Results show a trend toward an advance in pan-
boreal springtime thaw over the past years, corroborat-
ing similar findings relating to advance in vegetation
green-up. The continued capability for monitoring sea-
sonal freeze-thaw cycles across the pan-boreal region
provides a means for assessing interannual variability
and, eventually, longer-term trends in ecosystem func-
tion. This work was performed at the Jet Propulsion
Laboratory, California Institute of Technology, and the
University of Montana under contract with the Na-
tional Aeronautics and Space Administration.
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Stable isotopes of C and N are used to reconstruct
the fossil Oligocene (25.8Ma) ecosystem at Lake En-
spel, Westerwald, Germany. Enspel was a steep-sided,
deep maar lake with anoxic bottom waters. Upon dy-
ing, terrestrial and aquatic organisms sank into the sed-
These
bacteria quickly became fossilized, preserving morpho-

iment where they were colonized by bacteria.

logical detail and large amounts of organic matter from
the original macroorganism. Carbon and nitrogen are
sufficiently preserved in these fossils to permit sta-
ble isotope analysis. Stable isotopic signatures iden-
tify several trophic levels, including primary produc-
ers (terrigenous and aquatic plants, diatoms), primary
consumers (tadpoles, some insects), and secondary con-
sumers (carnivores such as fish). Primary producers
are associated with depleted d13C and d15N values,
primary consumers such as flies are one trophic shift
higher, and fish are another shift higher. Signatures for
the fish species show heavy-isotope enrichment corre-
lated with increasing length, indicating an increasingly
carnivorous diet. This study marks the first attempt

to reconstruct a complete fossil ecosystem using stable
isotope analysis, and confirms that techniques used to
study modern food webs can be applied to extinct webs
as well.

B31D-0325 0830h POSTER

Distribution and Sources of Lignin
Monomers in Late Quaternary
Sediments From Southwestern Coastal
Plain of Taiwan

Huei-wei Kul (886-2-23697648;
philicity@ms1.url.com.tw)

Yue-Gau Chenl (886-2-23697648;
ygchen@ntu.edu.tw)

Timothy R. Filley? (765-494-6581;
filley@purdue.edu)

Tsung-Kwei Liul

INational Taiwan University, Department of Geo-
sciences, No.1, Sec. 4, Roosevelt Road, Taipei 106,
Taiwan

2purdue University, Department of Barth and Atmo-

spheric Sciences, 1397 Civil Engineering Building,

West Lafayette, IN 47906, United States

In an effort to understand paleoenvironmental
changes of the southwestern coastal plain of Taiwan
over the past 50K years, we employed molecular and
stable isotope techniques to sediment cores to study
shifts in organic carbon input and plant communities.
Preliminary results show that, during the Holocene (the
last 10K yrs), large shifts in bulk stable carbon iso-
tope values are observed suggesting either shifts C3/C4
communities or changes in algal productivity. More-
over, lithologic variations in lignin monomer proxies
indicate wide a variation in the degree of microbial oxi-
dation based on elevated vanillyl Acid/Aldehyde ratios.
The carbon-normalized yield of 8 vanillyl, syringyl, and
cinnamyl phenols shows wide variation during periods
in the late Pleistocene and Holocene. The Holocene-
Pleistocene boundary exhibits a sharp change of TOC,
vanillyl Acid/Aldehyde ratio, and lignin yield. How-
ever, variations still exist between cores due to differ-
ent regional sedimentary environments. Studies are on-
going to relate nitrogen and sulfur cycling to organic
carbon input.
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As part of the Hawai’i Scientific Drilling Project
(HSDP), an elevational transect on the southeast slope
of Mauna Kea Volcano, Hawai’i, was sampled for soil
gas CO2 13C over a one-year study interval. Our ob-
jective is to determine the principle influences on the
13C values of dissolved inorganic carbon (DIC) that
is contributed to groundwater recharged in the area.
Groundwater DIC from the HSDP drill hole, dated to
2200 B.P., had a carbon isotopic value of -12° /5,. The
D/H and 180 values of the water indicate that the av-
erage elevation of recharge is at 2000 m on Mauna Kea.
It was postulated that this 13C was controlled mainly
by the photosynthetic pathway of the predominant veg-
etation at this elevation at the time of recharge. If this
is true, the current 13C values should have changed as a.
result of the conversion of the formerly forested Mauna
Kea slopes to grassland in the past 2200 years. Pre-
liminary results support this hypothesis. Present day
13C values range from -12°/,, in grasslands at 2000
m ASL to -24°/,, in the lower elevation forested ar-
eas. With the soil gas values of -12° /5, in the grass-
lands, fractionation between soil gas and bicarbonate
in groundwater would cause the DIC in groundwater
to have values of -4° /4, today. The conversion of this
area to grassland approximately 200 years ago and the
introduction of exotic C4 grasses are assumed to be the
causes of the difference, as C3 trees have lighter val-
ues than C4 grasses. Other areas of the transect fol-
low predicted patterns for vegetation type. Analysis
of the data is continuing in order to elucidate diurnal
and annual trends in the soil gas 413C values and CO2
concentrations.

B31D-0327 0830h POSTER

Drought Cycles in Northern New
Mexico, Isotopic Evidence of Forest
Stress

Julianna E Fessendenl (505-667-5468;
julianna@]lanl.gov); Cristella E Valdez!
(cev@lanl.gov); Jeffrey M Heikoop1
(jheikoop@]lanl.gov); David D Breshears!
(daveb@lanl.gov); Michael H Ebinger1
(mhe@lanl.gov); Craig D Allen?
(craig-allen@Qusgs.gov)

1Los Alamos National Laboratory, Earth and Env-
iornmental Sciences, EES-6, MS D462, Los Alamos,
NM 87545, United States

2United States Geological Survey, Jemez Mountain
Field Station, Fort Collins, CO 80526, United
States
Severe droughts in the southwestern United States
are shown to occur about every 50 years. Accom-
panying these droughts, disturbance varieties such as
fire or insect infestation produce ecosystem shifts in
forest species composition. Specifically, in the Jemez
Mountains of northern New Mexico Mountains shifts
from Ponderosa pine (Pinus ponderosa) to pinon (Pinus
edulis) /juniper (Juniperus monosperma) to juniper forests
have occurred in the last 100 years. Stable carbon iso-
tope ratios of needle tissues and cellulose from tree
rings were measured to determine the periodicity and
the severity of regional drought in the Jemez Moun-
tains. Pinon and Ponderosa pines were investigated
over an elevation gradient to determine the temper-
ature and precipitation thresholds necessary to cause
significant changes in water use efficiency, in isotope
ratios, and in large-scale species die-off. Samples of
organic 513C in whole leaf tissue were collected from
pinon species from attached cohorts where a total of 7
years could be measured. The §13C of cellulose from
tree ring samples were collected from both pinon and
Ponderosa species where select years over the past 100
years were analyzed. During periods of intense drought,
greater than 4 successive years, steady enrichments in
C were observed with highest levels of stress occur-
ring at the lowest elevation sites. These results sug-
gest that 513C can be used as a marker for drought in
both needle and wood tissues, that the threshold for
stress and large scale forest die-off occur at low eleva-
tion, and that there is about a 50 year periodicity in
severe drought observed in the northern New Mexico
region.
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Ozone concentrations in the Los Angeles (LA) basin
were at historic highs in the late 1970s. Since that
time Clean Air regulations have helped lower ozone, but
little is known of the long-term vegetation responses.
Extensive research has used tree-ring indices together
with the physiological and environmental information
stored in the 618C and 6180 signatures of tree-ring
cellulose to understand past climates. Here, we used
the forty-year ozone record from Camp Paivika, CA,
the site in the San Bernardino mountains of the LA
basin with both the longest record and the highest
values, to determine climate versus ozone impacts on
basal area increment and §13C and 6180 signatures for
Ponderosa Pine. Annual growth increment was signif-
icantly related to ozone and temperature but not pre-
cipitation. 513C showed the typical climatic pattern
of becoming more enriched in warm dry years, but was
more strongly related to ozone independent of climate
effects. 6180 was also enriched in warm, dry years,
but was most strongly related to annual growth incre-
ment and showed no relationship with ozone. The re-
lationship between 6180 and growth is likely due to
alterations in evaporative enrichment within the foliar
tissues. Our results will be discussed in light of physi-
ological processes and environmental variation respon-
sible for alterations in 613C and 6180 signatures.
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Stable isotopes of carbon and nitrogen have long
been used as indicators of ecosystem structure and
nutrient cycling in natural and anthropogenically dis-
turbed terrestrial ecosytems. However, relatively few of
these studies have targeted urban environments, where
nitrogen and COg emissions dramatically impact at-
mospheric composition. Here we present the results
of carbon and nitrogen isotope analyses of herbaceous
plants growing in and around San Francisco. These
plants were collected mainly as part of a public out-
reach walking tour of San Francisco (”The Weed Walk
- Concrete Jungle”) sponsored by the San Francisco Ex-
ploratorium. In all cases, the plants were sampled in
areas with negligible forest canopy. A consortium of
species was collected at each of several distinct sites to
examine the localized and regional impact of automo-
bile traffic and proximity to the ocean on isotopic com-
positions of carbon and nitrogen. C measurements
trend towards relatively light values in the range of —26
to —36 permil. In comparison, the leaves from similar
types of herbaceous species in relatively unpolluted and
unforested environments typically have §13C values in
the range of —22 to —28 permil. The observed light car-
bon isotopic compositions potentially reflect input of
isotopically light COy emissions from fossil fuel burn-
ing, boosting atmospheric COg concentrations to >10
% above background. §'°N values range from +4 to
+9 permil. This is substantially offset from the —4
to 41 permil values that typify vegetation in regions
where nitrogen oxides from fossil fuel combustion dom-
inate the nitrogen inputs. The nitrogen isotope com-
positions might suggest nitrogen contributions from a
marine source (typically 46 permil).
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Woody plant encroachment into grass-dominated

ecosystems has been a globally significant land cover
change over the past century, but its biogeochemi-
In the
Rio Grande Plains of Texas, grasslands and savannas
dominated by C4 grasses (d13C = -14 o/00) have un-
dergone succession over the past 150 y to subtrop-
ical thorn woodlands dominated by C3 trees/shrubs
(d13C = -27 o/o00). To evaluate soil organic carbon
(SOC) storage and dynamics in these woodlands, we
measured the mass and isotopic composition (d13C) of
SOC in chronosequences consisting of remnant grass-

cal consequences remain largely unquantified.

lands (Time 0) and woody plant stands ranging in age
from 10-130 y in upland (clusters and groves) and low-
land (drainage woodlands) landscape elements. Carbon
storage in surface litter increased linearly from 100 g
C/m2 in woody plant stands less than 30 y old to nearly
500 g C/m2 in stands more than 60 y old. Similarly,
carbon storage in root biomass (0-30 cm) increased lin-
early from 400 g C/m2 in remnant grasslands to more
than 2000 g C/m2 in some of the older (i.e. 60-130
y) woody plant stands. Increased litter and root car-
bon were associated with significant increases in SOC
storage (0-30 cm) from 2000 g C/m2 in grasslands to
more than 5000 g C/m2 in older woodlands. Over the
past century, SOC accumulation rates (0-30 cm) have
ranged from 12.5 g C/m2/y in upland clusters to 41.5
g C/m2/y in low-lying drainage woodlands. d13C of
SOC at 0-15 cm decreased exponentially from -18 o/oo
in grasslands to -23 o/oo in woodlands older than 60
y. At 15-30 cm, d13C of SOC decreased from -15 o/oo
in grasslands to -19 o/oo in woodlands older than 60
y. These C-13 dynamics yielded SOC mean residence
times of 40-80 y at 0-15 cm and 150-500 y at 15-30
cm, consistent with results from C-14 dating. There-
fore, soils in this region have been a net sink for at-
mospheric carbon over the past century. Most of this
newly sequestered carbon is stored in the upper 15 cm
of the profile and has mean residence times less than

100 y. Given the geographically extensive nature of this
vegetation shift, changes in SOC dynamics and storage
documented here could have significance for regional
and global carbon cycles.
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Woody plant encroachment is common in many
grassland and savanna regions around the world. In the
Rio Grande Plains of southern Texas, subtropical thorn
woodlands dominated by C3 trees and shrubs (d13C
-27 0/00) have largely replaced C4 grasslands (d13C =
-14 0/00) over the past 150 y. This vegetation change
has resulted in increased soil organic carbon (SOC)
storage. To elucidate mechanisms of SOC sequestration
and turnover in this system, we separated soil organic
matter into specific physical (size, density) fractions
and determined natural d13C values of carbon in these
fractions. Using a chronosequence approach, soils were
collected from remnant grasslands (Time 0) and from
woody plant stands ranging in age from 10-130 y. The
free light-fraction (density less than 1 g/cm3) increased
from 1 0/o of whole-soil weight in grasslands to 2-4 o/o
of whole-soil weight in wooded landscape elements. The
macroaggregate fraction (greater than 250 um) of soil
in the 0-15 cm depth increment increased from less than
10 o/o of whole-soil dry weight in grasslands to more
than 30 o/o of whole-soil weight in older woodlands.
In contrast, the microaggregate fraction (53-250 um)
decreased from 80 o/o of whole-soil weight in grass-
lands to 60 o/o of whole-soil weight after 80-130 y of
woodland development. The decrease in microaggre-
gates with increasing stand age likely reflects their in-
corporation into the macroaggregate fraction. Carbon
contents (g C within a fraction per kg of whole soil) of
all soil physical fractions (except free silt and clay) in-
creased linearly with increasing woodland age, and were
greatest in macroaggregates. Based on changes in natu-
ral C-13 abundance, mean residence times (1/k) for mi-
croaggregate carbon (326 y) were significantly greater
than those for macroaggregate carbon (76 y), indicat-
ing that the older carbon associated with microaggre-

gates is biochemically recalcitrant and/or physically
protected. These results indicate that the interactions
between SOC and soil aggregation may provide a mech-
anistic explanation for carbon processes and dynamics
following land cover changes in terrestrial ecosystems.
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Significant changes in the apportionment of organic
carbon in grassland and savanna soils have been doc-
ument as a result of woody plant encroachment. In
the Rio Grande Plains of Texas, C4 grasslands (d13C
= -14 0/00) have undergone succession to trees and
shrubs of a subtropical thorn woodland (d13C = -27
0/00) over the past 150 y which has resulted in in-
creased soil organic carbon storage. Large differences
in the turnover times of physical fractions in this sys-
tem indicate selective preservation mechanisms which
may include physical protection or inherent biochemi-
cal recalcitrance. To elucidate mechanisms of SOC se-
questration during woody plant succession in this sys-
tem, we are investigating the chemistry and compound-
specific stable carbon isotope composition of lignin and
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aliphatic biopolymers in specific physical (size, density)
soil fractions within a chronosequence that includes
remnant grasslands (Time 0) and woody plant stands
ranging in age from 10-130 y. The soil fraction data is
being compared to biopolymer and isotope chemistry
of the root, stem and/or leaf tissue of 20 of the domi-
nant genus of plants in the system. Lignin phenols and
suberin and cutin-derived hydroxyfatty acids are being
isolated using alkaline CuO oxidation and tetramethy-
lammonium hydroxide thermochemolysis. A compari-
son of the macroaggregate (greater than 250 um), mi-
croaggregate (53-250 um), and free silt and clay frac-
tions in the oldest stand indicates that lignin is the
most concentrated (organic carbon normalized values)
in macroaggregates and is significantly less degraded,
as determined by relative yields of oxidized and reduced
lignin phenols.
and clay fraction from the macroaggregates contains

Additionally, the intra-aggregate silt

less than half of the organic carbon normalized lignin
phenols and is relatively more oxidized than what is
found in the total macroaggregate pool. From these
preliminary results it appears that the bulk macroag-
gregate pool contains the least degraded/freshest lignin
of the physical fractions. This is consistent with the
relatively shorter residence times determined for this
fraction in this system. Continuing work includes com-
pound specific isotope analysis of isolated lignin and
hydroxyl fatty acids to elucidate biopolymer-specific
turnover times which will provide important clues into
the mechanisms of SOM storage and biopolymer recal-
citrance.
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The central Atacama Desert of Chile is nearly rain-
less and virtually devoid of biota. Precipitation in-
creases steadily as one moves to more southern lat-
itudes, providing a natural experiment to assess the
role of water in the soil C cycle. We have estab-
lished three research sites along this gradient, where
the mean annual precipitation varies from nearly 0 to
about 15 mm y~ !
are completely absent and soil microorganisms quite

At the driest site, where plants

rare, trace quantities of organic C (OC) are present
(~0.0094/—0.0038%), and OC increases slightly with
precipitation (and the increasing presence of vegeta-
tion) to 0.053%. The apparent radiocarbon age of the
organic matter at the driest site is exceedingly old
(> 7,000 y), suggesting C cycling rates on the order
of 104 y. The source of the incoming C is being in-
vestigated, and may include a combination of marine
aerosols and exceedingly rare cyanobacteria on the un-
dersides of quartz clasts ("hypoliths”). Radiocarbon-
based turnover times appear to increase to decadal
scales with increasing rainfall, with annually cycling
OC concentrated in coppice dunes (0.32% OC) and
hypolith-associated soils (0.39% OC). The radiocarbon
age of co-existing soil carbonate was ~12,000 years at
the driest site and thus older than that of the OC, sug-
gesting limited weathering and incorporation of modern
atmospheric COgo with increasing precipitation. The
character of the organic matter present in the soil
was analyzed by pyrolysis-GC-MS. The main organic
molecules released at 750°C in an inert atmosphere are
benzene and formic acid. Their concentrations in the
driest soil are in the ppb range, and decrease by about
an order of magnitude with depth. This suggests that
either the environmental conditions in the past were
much more severe or else that there are slow downward
fluxes of organic materials accompanied by decompo-
sition (either biological or abiotic). In contrast, soil
organic matter from the other two southern sites re-
leased an order of magnitude more pyrolysis product at
depth with respect to the surface, suggesting higher C
inputs and differing decomposition processes. The ra-
tio of formic acid to benzene was highest at the driest
site, indicating more oxidized organic matter. Moving
south, this ratio drops rapidly. At the driest site, the
high formic acid/benzene ratio appears to remain con-
stant with depth. At the two more southern sites, this
ratio is quite low in the surface and then goes up with
depth, suggesting that the organic matter at greater
depths is more oxidized than at the surface.
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Aggregation of soil particles can have a profound
influence on the retention and turnover of soil organic
carbon. Most research on this topic has been focused
on aggregates < 2 mm in diameter, thus neglecting
the mega-scale structure (often 20-50 mm or greater
in size) observable in situ in the field. These large soil
units have the potential to create distinct spatial dis-
tributions of soil C pools that vary in both age and
recalcitrance. In a 60-day controlled laboratory incu-
bation of sieved and homogenized soil, we observed a
large initial pulse of old (14C depleted) COq followed
by decreasing effluxes of progressively younger COg in
both surface and subsurface samples of an undisturbed
Al%C values of -147
and -596 per mil for these initial pulses from the sur-
face and subsurface incubations, respectively, indicate
a pool of potentially labile but physically protected or-
ganic matter. In subsoil ped samples (65-85 cm depth)
from a similar soil, we found that the ped surfaces had
significantly higher C and N percentages, C/N ratios

grassland in central California.

and A14C values than the material in the ped interiors.
In fact, a A14C value of -550 per mil for the subsur-
face interior C closely matched the Al4C value of the
initial COg pulse from the subsurface incubation ex-
periment, lending additional support to the hypothesis
that these large soil aggregates are effective in protect-
ing otherwise easily degraded organic matter for long
periods of time. The lack of clear spatial trends (for
both total C and 14C) in the surface horizon samples
is likely a result of frequent disruptions to soil struc-
ture due to enhanced biological mixing activity, and
low residence times of entrapped organic matter. These
two complementary studies demonstrate that aggregate
stabilization of organic C likely occurs at all levels of a
cascading scale of soil aggregates, and that large-scale
subsurface physical structure is likely a far more im-
portant control on C cycling rates than previously as-
sumed.
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Most soil organic matter (SOM) derives from plant

material but there are substantial gaps in our under-
standing of its transformation mechanisms. Alterations
that occur as SOM decays and is stabilized have proven
difficult to study owing largely to its diverse initial
chemical composition and stable isotope values. We ex-
amined SOM stable isotope ratios in relation to compo-
sition using solid-state 13¢ CcPMAS nuclear magnetic
resonance (NMR) in sequentially deeper organic and
mineral horizon soil samples collected from an unpol-
luted ecosystem in southeast Alaska dominated by Cgz
vegetation. We found that as humified carbon (C)-C
not respired as COg during decomposition—increased in
aliphaticity (ratio of unsubstituted aliphatics to car-
bohydrates), it also increased in N (P<0.0001) but
showed no clear trend in 13C or C:N ratio. These re-
sults imply that humification (and the concomitant sta-
bilization of soil C) at our site resulted from microbial
alteration of organics rather than from accumulation
of recalcitrant compounds. The strong, and previously
unreported, relation between 15N and SOM composi-
tion found at our study site suggests that degree of

SOM humification may be correlated with an increase

in 615N SOM values relative to §1°N for fresh litter
and other source material.
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Atmospheric concentrations of nitrous oxide (NgO)
are steadily increasing primarily due to microbial ac-
tivity in the environment. This has prompted efforts
to apportion microbial sources of NoO to specific mi-
crobial processes. We investigated the isotopomeric
composition NoO as a possible aid in differentiating
microbial production mechanisms. Isotopomer refers
not only to the isotopic abundance of NoO ((515N and
(5180), but also to the 15N abundance within each of
the nitrogen atoms comprising this molecule. In the
linear N9 O molecule, the central atom is referred to as
alpha (o) and the terminal nitrogen atom is referred
to as beta (8). The site preference refers to the dif-
ference between §1ON® and §19NA. We conducted ex-
periments with pure bacterial cultures and agricultural
soil mesocosms. Four microbial pathways for the pro-
duction of NgO were investigated including hydroxy-
lamine oxidation via autotrophic nitrifiers and methane
oxidizers and nitrite reduction via denitrifiers and au-
totrophic nitrifiers. We used concentrated cell suspen-
sions of a nitrifier (Nitrosomonas europaea), a methane
oxidizer (Methylococcus capsulatus Bath) and a denitri-
fier that lacks No O reductase (Pseudomonas chlororaphis).
The average site preference of NoO produced by the ox-
idation of hydroxylamine by M. capsulatus Bath (5.5 + /-
3.5 per mil) and N. europaca(-2.3 +/- 1.9 per mil) was
significantly different. Nitrous oxide produced by the
reduction of nitrite by N. europaea and P. chlororaphis had
a site preference of -8.3 4 /- 3.6 per mil and -8.1 4 /- 3.4
per mil, respectively. These results demonstrate that
site preference can distinguish NoO produced by hy-
droxylamine oxidation by two distinct organisms. Fur-
thermore, NoO derived by hydroxylamine oxidation dif-
fered significantly from that derived from nitrite reduc-
tion by the same nitrifying organism. Soil mesocosm
experiments were used to determine that consumption
of NgpO did not change the isotopomeric composition.
Since the site preference of the distinct pathways dif-
fer and NoO reduction does not affect site preference,
we have demonstrated that isotopomers can be used to
apportion the production of NoO by nitrification and
denitrification in agricultural systems.
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The effect of increased atmospheric nitrogen (N) de-

position on long-term soil carbon (C) storage remains
unclear. Both enhanced and retarded decomposition of
lignin and other recalcitrant C substrates in the soil
have been reported with N addition. We examined the

effect of N addition on soil C pools under 12 different
grassland species planted as monoculture plots treated
with 560 ppm atmospheric COg concentrations, and 0
and 4 g N fertilizer m~2 yr~! in Minnesota, USA. Af-
ter 5 years of treatment we separated soil C into light
and heavy fractions and used the distinct 13C isotopic
signature of C3 plants in elevated COq plots to separate
the more recalcitrant native or pre-treatment C from
newly formed C. As fertilizer N was labeled with 15N,
we also calculated the amount of N fertilizer retained in
the soil. Nitrogen addition significantly increased the
pre-treatment C pool of the light soil fraction by 18%
compared to plots receiving no N addition, suggesting
reduced decomposition of C with added N. Added N
did not affect the more stable heavy soil C fraction.
In plots with added N, the pre-treatment C pool of
the light fraction was especially high for plants that
produced roots high in lignin and low in cell soluble
content. These results suggest that high lignin content
interacted with high levels of N to stimulate chemical
stabilization of native soil C. The amount of fertilizer
N retained in the light fraction was significantly posi-
tively related to pre-treatment soil C content, further
evidence that N fertilization promoted stabilization of
pre-treatment C. We conclude that plant species com-
position (via its effects on root lignin concentrations)
determines the influence of atmospheric N deposition
on the decomposition of soil organic matter under ele-
vated COq.
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Long-term  variability in marine zooplankton
15N/14N was investigated in two species of calanoid
copepods (Calanus pacificus and Fucalanus californicus)
and two chaetognaths (Sagitta bierii and Sagitta eunerit-
ica) sampled in the spring of selected years from 1951
to 2001 near Monterey Bay, California. No statistically
significant trend in 19N/14N was detected for any of
the four species, with isotopic ratios in 2001 resem-
bling those in copepods and chaetognaths sampled
from the same area five decades earlier. With respect
to proposed oceanographic regime shifts in this region,
heterogeneity in 19N /14N was detected only for S. bierii
when comparing the periods 1951-1975, 1978-1998, and
1999-2001. In this species the 15N/14N in the most
recent, brief period (1999-2001) averaged slightly lower
than in the previous period. Three of the four species
(C. pacificus, S. bierii, and S. euneritica) showed signif-
icant increases in 1'5N/14N during major El Ninos.
El Nino-related enrichment in 15N could arise as a
consequence of increased nitrate demand/supply at
the base of the food web or advection of 1°N-enriched
nitrate from more southerly waters. While a range of
physical and climate indices were evaluated, anomalies
of 1'5N/14N from the long-term mean were found to be
significantly related only to; i) the Southern Oscilla-
tion Index in the case of both chaetognath species, ii)
a regional surface water temperature record (S. bierii
only), iii) an index of wind-driven coastal upwelling
for the surface-dwelling C. pacificus, and iv) variability
in the Pacific Decadal Oscillation for the somewhat
deeper-dwelling E. californicus.
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A fast, easy, and reliable method for nitrogen and
oxygen isotopic detection of nitrate would be benefi-
cial to many in the biogeochemical society. Here we
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present a novel method capable of natural isotopic de-
tection in the nM range. In addition to a fast analysis
time (batch preparation in less than one hour for nitro-
gen isotopes), this method is capable of very low blanks
(less than 1 nanomole) with sample precision of 0.2 per-
mil for nitrogen and 0.5 permil for oxygen. The first
step of the method is reduction of nitrate to nitrite by
use of either spongy cadmium or UV light. UV light re-
duction has the advantage of a short reaction time (13
minutes), but is not capable of oxygen isotope analysis
due to exchange with water. Reduction using spongy
cadmium retains the oxygen isotopic signature, but re-
quires up to 3 hours to react. Both reactions are non-
fractionating with respect to nitrogen. The next step
is the reduction of nitrite to nitrous oxide using either
hydroxylamine or azide. The hydroxylamine has the
advantage of being nontoxic, but the reaction time is 2
hours and oxygen is exchanged with water. The azide-
nitrite reaction is complete in only 3 minutes and re-
tains both nitrogen and oxygen isotopes of nitrate. The
produced nitrous oxide is then purged and trapped in
liquid nitrogen, then released into a capillary GC col-
umn connected to an isotope ratio mass spectrometer.
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Oxygen isotope analyses in bone and teeth of living
and fossil animals are widely used for testing hypothe-
ses about variability of diet and habitat. For the anal-
ysis of environmental or dietary changes in the past,
tooth enamel has become the preferred study material,
because its mineral content is higher than bone and
dentine, and the relatively large size of the carbonato-
apatite crystals of enamel make it more stable against
post mortem diagenetic alteration than dentine or bone.
Intra-tooth sampling of dental enamel is increasingly
used for the investigation of seasonal climate variabil-
ity, taking advantage of both the high correlation be-
tween an animal’s drinking water and the 6180 in its
mineralized tissues and the incremental growth pat-
tern of tooth enamel. The different oxygen-containing
ions of bioapatite (phosphate, carbonate, and hydroxyl
group) incorporate into the mineral lattice at differ-
ent rates during enamel mineralization, and differ in
their susceptibility against post mortem diagenetic alter-
ation. In addition, it is difficult to account for the
different reaction chemistries of phosphate, carbonate,
and hydroxyl group using isotope analysis techniques
that include all oxygen contained in the enamel (e.g.,
laser ablation). These problems can be addressed an-
alyzing phosphate oxygen only. However, two major
factors limit the potential of 5180 analyses in dental
enamel: A) the starting sample size for isotope analyzes
often precludes the use of small teeth or the intra-tooth
sampling of a given tooth; B) Small amounts of biogenic
organic material in tooth enamel (less than 1% by wt)
can reduce the precision and lead to anomalous analyti-
cal results in 6180 measurements on AgazPOy produced
from tooth enamel. A new procedure was developed for
the pre-treatment and 5180 analysis of phosphate from
small samples (500 pg) of tooth enamel containing or-
ganic matter. AggPO4 was precipitated quantitatively
for analysis of 5180, . nate using a Thermoquest-

Finnigan TC/EA coupled to Delta’ XL. A sodium
hypochlorite sample pre-treatment step was determined
to remove organic matter quantitatively without alter-
ing the isotopic composition of the phosphate oxygen.
The reproducibility of §180 values for pretreated sam-
ples (0.2-0.3 © /50, 1o) is much better than for samples
without pre-treatment (1.2 ©/50, 10). Phosphate oxy-
gen isotope standards processed using this technique
gave measured values indistinguishable from the stan-
dard composition, demonstrating the accuracy of the
new technique.
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Phosphorous is an essential and limiting macro-

nutrient for productivity in marine ecosystems. Be-
cause the P-O bond in phosphate is resistant to in-
organic hydrolysis and the fractionation and exchange
of oxygen isotopes will only occur due to intracellular
biological cycling, the oxygen isotopic composition of
dissolved inorganic phosphate (DIP) in seawater may
be used as a tracer for modern phosphate recycling in
aquatic ecosystems. The degree of disequilibrium be-
tween the d180 of DIP and that of the surrounding
water will act as a proxy for the extent of phosphate
recycling through the biomass in a particular system.
A time series investigation of a dynamic system such
as the Monterey Bay could indicate how ecosystems
vary the extent of phosphate turnover as the system be-
comes nutrient stressed following a bloom period. The
nutrient dynamics in the Monterey Bay vary tempo-
rally and are characterized by seasonal upwelling from
March to September which supplies nutrients to the
surface waters and sustains high productivity during
these months. We conducted monthly depth profiles for
a year at MBARI stations C1, M1 and M2 to assess the
variation in d180 of DIP over the course of the onset of
the upwelling season and less productive seasons which
follow. The results of this time series investigation were
compared to estimates of primary productivity, chloro-
phyll concentrations, temperature, salinity, and nutri-
ent concentrations to determine if phosphate turnover
varies with these seasonal ecosystem changes and if
during periods of higher nutrient availability phosphate
is utilized less efficiently than during periods of lower
nutrient availability.
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The redox status of hypersaline, strongly alkaline
groundwaters at Owens Dry Lake was investigated to
help guide mitigation efforts for attenuating dust gen-
erated from the dry lakebed. Shallow (<1 m), anoxic
groundwaters have been identified as a major limitation
to vegetation establishment on the lakebed due to the
inability of roots to growth in anoxic conditions. Pre-
vious work indicates that sulfate reduction is the dom-
inant reaction regulating the redox status of shallow
groundwaters. The purpose of this study was to evalu-
ate sulfur biogeochemistry and formation of solid-phase
sulfides in the shallow groundwater/sediments using se-
lective sulfur speciation techniques coupled with iso-
topic measurements. In addition to groundwater and
subsurface sediment samples (1-2 m depth) at sites
representative of different groundwater pathways, se-
lected sediment samples at 5 different depths (from
oxic to anoxic layers) were collected. Sediment sam-
pyrite, sulfate,
organic sulfur, and total sulfur. Organic sulfur was
less than 0.01% of the total, and pyrite was the pre-
dominant sulfur-bearing phase below the groundwa-
ter capillary zone (~20cm depth) where anoxic condi-
tions were developed. The concentration of monosul-
fide and pyrite were less than detection limits above

ples were examined for monosulfide,
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the capillary zone as these unsaturated layers were ex-
posed to oxygen. High concentrations of dissolved sul-
fide (4.81 to 134.7 mg /L) and low concentrations of
dissolved Fe (generally <0.5 mg/L) indicate that the
availability of Fe limits pyrite formation. The high
values (~50°/00) of isotopic fractionations between

534spy7‘ite and 634ssulfate (Asulfatefpyrite)
anoxic zones suggest that bioavailability of organic car-
bon is a limiting factor for the reduction of sulfate.
The values of Ay fatepyrite along the hydrologic
flowpath indicate that the isotopic fractionations were
significantly correlated with dissolved sulfate concen-
tration, which was strongly controlled by evaporation.
This indicates that spatial variations in the concentra-
tion of dissolved sulfate due to evaporation can be re-
flected in the pyrite content of sediments in groundwa-
ter. The important role of evaporation on the concen-
tration of sulfate in groundwater was confirmed using
hydrogen and oxygen isotope values of pore fluids.

in
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Stable isotope analysis has become a powerful tool
to study animal ecology. Analysis of stable isotope ra-
tios of elements such as carbon, nitrogen, sulfur, hy-
drogen, oxygen and others have been used to trace mi-
gratory routes, reconstruct dietary sources and deter-
mine the physiological condition of individual animals.
The isotopes most commonly used are carbon, due to
differential carbon fractionation in C3 and C4 plants,
and nitrogen, due to the approximately 3% enrichment
in 15N per trophic level. Although all cells express
sulfur-containing compounds, such as cysteine, methio-
nine, and coenzyme A, the turnover rate of sulfur in
tissues has not been examined in most studies, owing
to the difficulty in determining the §34S signature. In
this study, we have assessed the rate of sulfur isotopic
turnover in mouse tissues following a diet change from
terrestrial (7%) to marine (19%) source. Turnover mod-
els reflecting both growth rate and metabolic tissue re-
placement will be developed for blood, liver, fat and
muscle tissues.
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Distillation of water vapor from the atmosphere is
primarily temperature-dependent, as illustrated by the
well-known correlation between the stable isotope com-
position of precipitation and temperature. However,
reevaluation of modern precipitation, temperature, and
isotope data indicates major errors in the assignment of
temperature dependencies. This has a profound impact
on use of stable isotopes of precipitation for ecosystem
studies, models of atmospheric circulation, and conti-
nental paleoclimate investigations. Past analysis has
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