was twice as high in Canada. Despite these climatic dif-
ferences, we found that sites with similar soil drainage
had similar C stocks and post-burn C recovery. Addi-
tionally, at both study areas, as soil drainage became
progressively drier we saw lower burn severities, slower
C recovery over time, and lower overall C stocks.
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The biological reactivity or lability of organic mat-
ter is a key aspect of the carbon cycling in all aquatic
ecosystems. Dissolved organic carbon (DOC) lability
is an operational term that defines the proportion of
the dissolved C pool that can be utilized by aquatic
microbes within a given period of time. Lability is
generally determined using bioassays that follow the
changes in DOC concentration with time, typically days
to weeks, in the absence of light and of any new sources
of DOC or nutrients. This in vitro DOC consump-
tion thus represents the minimum level of microbial
metabolism that can be supported by the ambient DOC
pool. In the past, comparisons of DOC lability reported
by different studies have been hampered by differences
in approaches, so it is unclear how the amount of la-
bile DOC varies among aquatic ecosystems. Here we
compare DOC lability measurements from estuaries and
salt marshes, rivers and lakes, determined with similar
protocols, and we compare these data with the actual
in situ bacterial carbon metabolism. We show that in
most freshwater systems surveyed, the in vitro rates of
DOC consumption rates are low and fall within a rela-
tively narrow range, in spite of large variations in total
DOC, chlorophyll, and nutrient concentrations among
systems. In most freshwater ecosystems, the propor-
tion of labile DOC is below 3%, and this labile pool
generally represents a small fraction of the measured
in situ rate of bacterial respiration, suggesting that
these freshwater lability bioassays only capture a rem-
nant pool of organic matter and not the pool that fuels
most of the heterotrophic microbial metabolism. The
proportion of labile DOC is on average much higher
in estuarine and marsh ecosystems, and also repre-
sents a larger proportion of the total in situ micro-
bial metabolism. These results point to fundamental
differences in the patterns of DOC sources and cy-
cling between brackish and estuarine systems on the
one hand, and lakes and rivers on the other. Although
the metabolism supported by the remnant DOC pool
is small in most freshwaters, it can nevertheless play
an important role in determining the baseline micro-
bial respiration, particularly in the more unproductive
aquatic systems. This baseline respiration may in turn
determine the role of freshwaters as sources or sinks of
CcO2.
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Marine systems have been considered to be in car-
bon balance with the atmosphere, which means that
primary production equals total respiration within the
system. However, recent studies indicate that large
parts of the ocean, especially oligotrophic marine sys-
tems, are net heterotrophic and, thus, a source of COg
to the atmosphere. Net heterotrophy implies that or-
ganic carbon is transported to low-productive areas,
either by redistribution of organic carbon (OC) from
more productive marine zones or by input of terrestrial
OC via rivers. This study was conducted in the Gulf of
Bothnia, which is situated between Sweden and Finland
in northern Europe. It is a brackish water body with
two major basins (Bothnian Bay and Bothnian Sea).
The Gulf receives a high input of OC from Swedish and
Finnish rivers, but also from the adjacent more produc-
tive water body of the Baltic Proper. Previous studies
on carbon balance in the Gulf of Bothnia have indi-
cated that the system is net heterotrophic. We there-
fore employed, for the first time, direct estimates of
COg saturation to assess the net ecosystem exchange in
the two major basins of the Gulf of Bothnia during one
year. Primary and bacterial production (PP and BP)
was also measured in order to calculate the respiration-
production balance in the Gulf of Bothnia. On an an-
nual basis the surface water was supersaturated with
COg, indicating net heterotrophy. The Gulf of Both-
nia oscillated between being a sink and a source of COq
over the studied period, largely decided by the tempo-
ral variation in bacterial respiration (BR) and primary
production in the water column above the pycnocline.
Calculated annual respiration-production balance (BR-
PP) was very similar to the estimated COg emission
from the Gulf of Bothnia, indicating that these pro-
cesses were the major determinants of the exchange
of COg between water and atmosphere. The southern
basin (Bothnian Sea) had a lower net release of COg to
the atmosphere than the northern Bothnian Bay (7.1
and 9.7 mmol C m~—2 d~ 1), due to higher primary pro-
duction, which to a larger extent balanced the respira-
tion in this basin. In conclusion, net flux of COg is
very sensitive to changes in climatic conditions such as
freshwater inflow, currents from the Baltic Proper, or
changes in primary production within the system. Even
moderate changes in the catchment, or within the Gulf
of Bothnia can have considerable effects on the carbon
balance, and on the role of the system as a source or a
sink of atmospheric COg.
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The hypothesis that the lability of DOM to aerobic
microbial degradation to COg is related to its age and
character is tested in an incubation study conducted
using an assemblage of soil bacteria in their natural
state. Extracts (WF) of leaf and forest floor material
characterized by different degrees of degradation: green
leaves, fresh fallen leaves, litter (one year weathering),
fibric matter, hemic matter and peat were used in this
study. The working hypothesis is that these extracts
represent a chronosequence of degradation and DOM
extracted from them might also represent a similar la-
bility sequence. As well aliquots of the WF extracts
were processed to remove DOM fractions. Thus a ful-
vic acid (FA) fraction was made by precipitating and
removing humic acid, and a hydrophilic fraction (HPT)
by removing hydrophobics from the FA using XAD-8
resin. Incubations were carried out on all three DOM
solutions from each extract to determine if there were
differences in lability among the fractions. When com-
paring the WF solutions for COg production, the green
leaves, litter, fibric and hemic extracts showed approx-
imately the same COg yield, on an equal C basis, and
the fresh fallen leaves and peat produced less. For five
of the six extracts the respective WF and HPI solu-
tions yielded nearly the same quantity of COg per mg C
suggesting that the HPI component contributes almost
all the lability. Furthermore the magnitudes of the C-
normalized COgq yield for these solutions are similar
to that for glucose, which fractionates as HPI. For the
same five extracts the FA solution yielded lower quan-
tities of COg, on an equal C basis, than WF and HPI
suggesting that the hydrophobic content of the extracts
may inhibit aerobic degradation. The peat extract so-
lutions yielded a different COg production distribution
with the HPI only slightly higher than the FA which
in turn was much greater than WF. The material from

JAS81

which this extract was made is much older and con-
tains significant HA, suggesting that the hydrophobics
in peat do not inhibit aerobic degradation, but the hu-
mic acid does. These preliminary results suggest that
lability to aerobic degradation of DOM extracted from
forest floor organic matter differs somewhat with age
but more with DOM character. These results indicate
that the humic and hydrophobic fractions of DOM are
more refractory to aerobic microbial activity, degrading
more slowly than hydrophilic DOM. As well prelimi-
nary results suggest that refractory DOM may have an
inhibitory effect on the degradation rate of the labile
DOM.
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Anthropogenic nitrogen (N) deposition in northern
hardwood forest ecosystems has modified soil carbon
cycling, resulting in the substantial leaching of dis-
solved organic carbon (DOC). Despite the significance
of this finding, the exact source of this DOC has not
been found and a mechanistic explanation has been
lacking. In order to identify sources of and mecha-
nisms for this apparent N stimulation of DOC leaching,
we conducted a controlled laboratory leaching experi-
ment using soil and fresh litterfall from a previously-
studied northern hardwood forest stand in northern
Lower Michigan. This stand has received 10 years of
both ambient and experimental (3 times ambient) at-
mospheric NO3- deposition. Three replicate soil and
litter samples were collected from 3 plots receiving am-
bient and 3 plots receiving experimental NOg- depo-
sition. Our laboratory experiment used soil and litter
collected from each plot to understand if fresh leaf lit-
ter was the source of increased DOC leaching in plots
receiving experimental NO3- deposition. In laboratory
incubations, we investigated microbial respiration and
DOC production from: 1) soil from each plot, 2) litter
and soil from each plot, and 3) litter from each plot
placed over sterile sand. This combination of treat-
ments enabled us to determine the contribution of soil
organic matter, fresh leaf litter, and both to DOC pro-
duction. Results showed that N deposition had no sig-
nificant effect on microbial respiration, but that treat-
ment differences were significant. Most of the DOC
production (75%) was associated with leaching from
fresh litter. Soil was a significant sink for litter-derived
DOC across the treatments, but less so in the fertil-
ized plots where 30% more DOC was leached on average
compared to un-fertilized plots. These results suggest
that N deposition might not influence the production
of DOC in soil and litter, but the ability of the soil
to physically adsorb or the microbial population to se-
quester DOC inputs. Therefore, changes in soil phys-
ical characteristics and/or soil microbial communities
may explain the patterns of DOC export seen in past
studies and represent an unexpected ecosystem conse-

quence of increased anthropogenic N deposition.
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Exposure to UVB (290-320 nm) harms some aquatic
taxa and processes. With the restoration of pre-
industrial ozone levels still some years away and the
possibility that climate change might lower dissolved
organic matter (DOM) concentrations and thus lead
to increased exposure, evaluating the extent to which
freshwater environments in Canada are at risk is war-
ranted. First, the distribution of a UVB-sensitive zoo-
plankton genus, Daphnia, was examined as a function of
DOM and maximum depth (Zmaz) in 258 lakes and
ponds in Ontario and the eastern U.S. to determine
whether UVB exposure restricts its distribution. Our
results indicate that the distribution of Daphnia is not
restricted by exposure to UVB with the possible ex-
ception of very clear, shallow systems underrepresented
in the surveys. Secondly, the maximum depth of UVB
transmission (the depth at which 1% of surface irra-
diance at 320 nm occurs, Zgoq 19) was compared to
Zmax in over 900 aquatic systems in different Cana-
dian ecozones to determine the proportion of optically
clear systems (Zmax < Z3g0,1%) and the extent to
which systems that are not clear may become so (at
risk’) should they lose 50% of their DOM. The propor-
tion of systems deemed optically clear is low (<6%)
across Canada with the exception of three ecozones be-
tween 13% and 20%. The proportion of systems deemed
at risk is 0% in most regions with 5-9% in five regions
from four ecozones. These results suggest that DOM
levels are adequate to prevent large-scale loss of sen-
sitive species from direct exposure to elevated UVB in
most regions of Canada.
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Nitrogen occupies redox states spanning -3 to +5
and is correspondingly subjected to a relatively large
number of biogeochemical transformations with sub-
stantial potential for isotopic discrimination. In most
settings, terrestrial or marine, many nitrogen cycle
pathways are operating simultaneously. A reasonable
a priori assumption could be that variations in N iso-
topic ratio would be difficult to interpret due to mul-

tiple influences. Several decades of study of oceanic

patterns in 15N /14N (d15N), however, show that sev-
eral aspects of marine N biogeochemistry result in the
dominance of only several processes on present and past
variations in d15N. This simplification results from 1)
N in chemically combined form being a biologically lim-
iting nutrient in much of the near-surface ocean and
2) physical separation of major transformation pro-
cesses either as a function of depth or oceanographic
region. Much of the large scale variation in d15N in
the ocean is associated with processes directly influ-
encing the d15N of dissolved nitrate (0 to 20 per mil
range; 5 per mil average), the major form of combined
N in the ocean. Denitrification of nitrate to N2 in sub-
oxic intermediate waters has a large isotope fractiona-
tion factor (20 to 30 per mil) such that these regions
have typically high d15N values. N2 fixation in olig-
otrophic gyres contributes combined N with d15N 1
to 2 per mil less than atmospheric N2 and results in
decreased d15N for subsurface nitrate. Since nitrate
is typically the predominant form of new nitrogen to
oceanic phytoplankton, these large-scale variations in
d15N are imprinted on organisms, the organic matter
they produce, and ultimately the sediments. Sediment
d15N has been shown to provide, for example, impor-
tant records of past variations in water column deni-
trification. In HNLC regions where near-surface ocean
nitrate is not completely consumed by phytoplankton,
isotopic fractionation (5 to 8 per mil) during uptake
is expressed as low d15N for plankton and increased
d15N for nitrate as function of its degree of utiliza-
tion. Trophic transfer and organic matter diagenesis
can also alter d15N values but do not produce regional
variations.

B34A-02 1550h

Sedimentary N Isotopes Dominated by
Glacial-Interglacial Modulation of the
Marine N Cycle

Eric D Galbraith! (604-827-5347;
cgalbraith@cos.ubc.ca)

Markus Kienast3 (mkienast@whoi.edu)
Thomas F Pedersen? (tfp@uvic.ca)

Stephen E Calvert! (scalvert@eos.ubc.ca)

IDepartment of Earth and Ocean Science, Univer-
sity of British Columbia, Vancouver, BC V6T 1Z4,
Canada

2School of Earth and Ocean Sciences, University of
Victoria, Victoria, BC V8W 3P6, Canada

3Department of Marine Chemistry and Geochemistry,
Woods Hole Oceanographic Institution, Woods
Hole, MA 02540, United States

Sedimentary nitrogen isotopes (615N) have been
most often interpreted as recorders of local biologi-
cal parameters. However, numerous sedimentary 515N
records compiled from widely distributed marine en-
vironments can be parsimoniously explained as re-
flecting, instead, the isotopic impact of broadly syn-
chronous global changes in water column denitrifica-
tion on glacial-interglacial cycles. Furthermore, other
records display tantalizing evidence of synchronous re-
sponse by N-fixation communities. We suggest that the
spatial and temporal averaging achieved by sedimen-
tation processes effectively eliminates any imprint of
local ecosystem variability in most sedimentary envi-
ronments, producing records that tend to integrate the
isotopic signatures of regional fixed-N pools. A poten-
tial mechanism to explain the global coherence of the
denitrification records involves a simple physical con-
trol on the flux of dissolved oxygen to suboxic zones,
and the coupling to fixation via the supply of phos-
phorus to diazotrophs in suitable environments. Ac-
cordingly, lower glacial-stage sea surface temperature
and greater sea-ice coverage in high-latitude regions in-
creased oxygen solubility and probably enhanced the
rate of intermediate-water formation, respectively. The
resultant colder, rapidly circulating intermediate wa-
ters diminished the extent of denitrification and, conse-
quently, N fixation. During warm periods, sluggish cir-
culation of warmer, less oxygen-rich intermediate wa-
ters caused expansion of denitrification zones and a
concomitant increase in N fixation. Local fluctuations
in productivity due to variable atmospheric circula-
tion patterns would have modulated this low frequency
global signal.
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The stable isotopic composition of organic matter
in sinking particles reflects the source of the particles
and the processes involved in their production. Both
del C-13 and del N-15 are affected by the balance be-
tween terrigenous and marine organic matter. Del C-13
is also affected by productivity, while del N-15 varies
with the length of the local aquatic food chain and with
the availability of nutrients. Individually, the two iso-
topes do not necessarily provide a unique interpreta-
tion. However, by plotting del C-13 against del N-15
it is possible to understand that seasonal and spatial
variations in sediment trap data collected over three
years in the Strait of Georgia are due to changes in
the composition of local phytoplankton and the relative
proportion of marine- vs. terrigenous organic matter.
The sinking organic matter can therefore be described
as a mixture of three end-members - terrigenous, ma-
rine summer and marine winter. The techniques and
observations described here are likely to be generally
applicable to coastal waters with high local productiv-
ity and significant terrestrial run-off.
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Stable carbon isotopic compositions of organic mat-
ter (513Co,~g) are used as a paleoproxy for aque-
ous COg concentration and productivity, yet there are
many variables which can influence the integrity of the
signal created in the surface ocean. As part of the
CARIACO Project we analyzed the §13Cqpg of sinking
particles over the period extending from 1996-1999 in
order to investigate the oceanographic and environmen-
tal variables which can affect the §°°Cporg as it sinks
through the water column and is preserved in the sedi-
ments. The §'3Cqrg of sediment trap samples ranged
from -17.6 © /0 to -22.6 ©/,0 over the three year pe-
riod. Three multi-cores were also analyzed for the
513Co,~g of sedimentary organic matter. The values
513Co,~g in core MC-2A, taken at 192 m water depth,
ranged from -20.4 ©/50 to -18.2 ©/5o, core MC-3A,
taken at 354 m water depth, ranged from -19.7 © /4, to
18.8 9 /00 and core MC-4A, taken at 432m water depth,
ranged from -20.4 ©/50 to 19.1 ©/56. The §'3Corg
of sinking particles was positively correlated with COq
which is contrary to models constructed based on pas-
sive diffusion. Temperature and the 613Corg of sinking
particles are highly correlated (r2 = 0.64). The lowest
integrated water column temperature (used as a proxy
for intensity of upwelling) is inversely proportional to
yearly integrated 613Corg values with highest (most
enriched) 6'3Corg being associated with the years of
the lowest temperature (strongest upwelling). Exami-
nation of the sediments show that there is an inverse
relationship between alkenone derived temperature and
the 613CW9 values for the two deeper cores which
are below the oxycline. We suggest that the 613CW9
may be a proxy for strength of upwelling, although the

mechanism for 513Co,~g enrichment during upwelling is
not known.
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