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with bleached tissue have weakly-defined septal denti-
cles, many appearing rudimentary. Significanly higher
trace metal/Ca ratios were found with ICPAES for Ag,
As, Cd, and Co between skeletal material associated
with bleached and non-bleached tissue. The presence
of these differences suggests the processes of skeleto-
genesis and the uptake and deposition of trace metals
in the scleractinian skeleton are affected by bleaching.
Such indicators might be observed in the fossil record
as indicators of past environmental stress and bleaching
in scleractinian corals.
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A physiologically-driven spectral index calculated
using two ocean-color bands of MODIS satellite sen-
sor (bands 11 and 12) showed great potential to track
seasonally changing photosynthetic light use efficiency
(LUE) and stress-induced reduction in net primary
productivity (NPP) of terrestrial vegetation. Conse-
quently, we developed a simple model solely based on
remotely sensed spectral data, which resulted in a dy-
namic, per-pixel ’continuous field’ approach that could
explain 88 percent of variability in flux-tower based
daily NPP. These findings highlight the unexplored po-
tential of narrow-band satellite sensors to improve esti-
mates of spatial and temporal distribution in terrestrial
carbon flux.
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Leaf area index (LAI) is a key variable in many

ecosystem models and in global models of climate, hy-
drology, biogeochemistry and ecology, which need to
describe the exchange of fluxes of energy and mass
(e.g., water and CO2), and momentum between the
surface and the atmosphere. The MODIS sensor on-
board of Terra has been producing daily global cover-
ages, from which ‘cloud-free’ composite images every 8
days are being produced. MOD15 is the LAI product
of MODIS using the 8-day composite images. In or-
der to use the data series for monitoring and modeling
terrestrial ecosystems, additional quality control is nec-
essary. A series of LAI maps of MOD15 over the entire
China’s landmass are processed. The most challenging
issue in using the MOD15 product is the data quality
related to the accuracy of LAI in all pixels labeled as
‘cloud-free’ and the screening of residual clouds. Test
pixels of each land cover type are analyzed. The cloud-
contaminated pixels labeled in MOD15 as ‘significant
clouds were present’ and ‘mixed cloud present on pixel’
are excluded from further analysis. Cloudless pixels
generally show LAI values in plausible ranges, except
those of croplands and grasslands (from the Pack 3 al-
gorithms) which appear to be abnormally high (larger
than 6 in many cases). However, the main problem is
the large LAI variations among remaining ‘cloudless’
dates for individual pixels. These are mostly resid-
ual cloud effects or errors in atmospheric corrections.
Based on the seasonal trajectory of LAI, a cubic spline
smoothing and interpolation technique is developed for
residual cloud screening through analyzing the tempo-
ral variation patterns of a seasonal LAI series. The time
series is first fitted using cubic spline smoothing with
a curve smoothness controlling parameter, and abnor-
mally low values in the time series are identified and
replaced with fitted values. This procedure is repeated
until the upper envelope is found. Once the final curve
is determined, it is used to interpolate between final se-
lected points to reconstruct the seasonal LAI variation.
This approach has been applied to MOD 15 product in

the whole year of 2001 over China to demonstrate its
effectiveness.
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Environmental conditions influencing the release
and fate of dissolved organic matter (DOM) in terres-
trial and aquatic ecosystems have changed in the past
and continue to change in the future. I studied ef-
fects of declining acidic deposition on concentrations
and fluxes of dissolved organic carbon (DOC) using
long-term soil solution data of two forest sites. The
response of DOM to increased decomposition of soil or-
ganic matter caused by land use change (clear-cutting)
and subsequently increased temperature will be exam-
ined at one forest site. Effects of an increased or de-
creased productivity of forests on DOM were studied
by experimental manipulation of litter input to two
forest soils. The central idea of all experiments car-
ried out in the field was the response of DOM as a
key driver in terrestrial and aquatic ecosystems to the
changing environment. From the results of these ex-
periments I conclude that accelerated decomposition
of organic matter caused by temperature rise or land
use changes should result in increasing concentrations
and fluxes of DOC from soils into aquatic ecosystems.
The larger stability of this additional DOM increases
the importance of DOM for C sequestration in soils.
The expected increased productivity of forest ecosys-
tems should also result in increased DOC fluxes from
soils. On the other hand, declining acidic deposition
might result in smaller DOC fluxes into aquatic ecosys-
tem if water passes through well developed soils with
the capacity to sorb DOC.
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Although various biogeochemical processes in
forested watersheds have been linked to climatic fluc-
tuations including warming, freezing, and drought, we
still lack mechanistic understanding of responses of dis-
solved organic carbon (DOC) in soils and surface waters
to climatic change and their implications for other bio-
geochemical cycles. We investigated responses of DOC
export from a forested watershed in the Adirondack
Mountains to climatic fluctuations during winter and
spring snowmelt periods using intensive biogeochemi-
cal data and the PnET-BGC model. DOC concentra-
tions in stream water draining the watershed showed
positive responses to temperature rises and subsequent
increases in runoff during snowmelt events from De-
cember through April. Concentrations of dissolved or-
ganic nitrogen (DON) showed a similar response pat-
tern, while NO3 concentrations peaked before and ta-
pered off during major spring snowmelt. Increased
DOC concentrations during snowmelt events usually
coincided with decreases in pH, consistent with the idea
that DOC could offset increases in surface water pH
caused by decreasing acidic deposition. The positive
response of DOC and DON concentrations to increases
in both temperature and runoff, along with concur-
rent decreases in ground snow depth, suggested that
snowmelt responses to temperature fluctuations during

winter and early spring might play a key role in in-
terannual variations in watershed DOC export, as ob-
served for NO3 export from the same watershed. No
significant increases in precipitation are projected for
this site in the entire 21st century compared to a con-
stant warming trend projected. However, PnET-BGC
simulations of runoff and DOC concentrations in steam
water showed increases in both parameters from Jan-
uary through April, probably due to significant warm-
ing trend for this period. These results highlight the
importance of winter and spring snowmelt events in
hydrologically mediated responses of watershed DOC
export to temperature fluctuations.
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The transportation of large amounts of dissolved or-

ganic carbon (DOC) down a stream within a 15.51-
km2 catchment in Alberta, Canada, related directly
to events, such as high rainfall and beaver dam fail-
ures, that created major disturbances. A 2.3-km sec-
tion of the stream was drastically altered in June 1994
when a flood wave resulting from a breached beaver
dam deposited large amounts of debris and sediment
within the section. Results from stream DOC storage
analyses, in which a difference method was used, sug-
gest that the organic debris dams created by the failed
dam event served as both sources and sinks for DOC.
Discharge and DOC measurements at hydrometric sta-
tions located at intervals along the stream indicated
that storage of DOC in the stream was strongly influ-
enced by the presence of wetlands and beaver (Castor
canadensis). Disturbances occurring during periods to-
talling 28 days in 1994 and 17 days in 1995 accounted
for 94% (1374 kgkm-2) and 84% (204 kgkm-2), respec-
tively, of the amount of DOC exported from the catch-
ment during the May-September period. DOC concen-
trations in the stream were greatest (77.0 mgL-1) near
the top of the catchment where a 2-km2 fen served as
the primary source of DOC. Stream DOC concentra-
tions decreased progressively downstream to the catch-
ment outlet where the mean concentration was 23.3
mgL-1.
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Dissolved organic matter (DOM) concentration, av-

erage molecular weight (Mw), and molar absorptiv-
ity were measured for 60 streams in the Ontonagon
River watershed on the upper peninsula of Michigan in
September 2002. Thirty-five of these streams have been
sampled about every 2 months since. DOC concentra-
tion ranged from ∼4 to 35 mg C L−1 across streams.
DOM Mw and molar absorptivity also showed consid-
erable variation among streams and seasons. Drainage
density was the best single predictor of stream water
DOC concentration (r = 0.62) of the landscape fea-
tures (% of watershed in agriculture, evergreen for-
est, lake, woody wetland, and herbaceous wetland) and
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stream geomorphological variables (stream length, wa-
tershed size, drainage density, slope) in the September
2002 sampling. Multiple factor regression and princi-
ple component analysis showed strong correlations be-
tween DOC concentration and stream drainage density,
stream length, watershed area, and mean % slope in
the watershed. Streams with higher DOC concentration
also had higher DOM Mw and molar absorptivity, but
the slope of this relationship changed seasonally. More-
over, DOM Mw and molar absorptivity were negatively
correlated with drainage density and the percent of the
watershed in open water. Despite the high cover of wet-
lands in the watershed, our results show that watershed
geomorphology and land cover explain more variation
in DOM concentration and physiochemistry than the
prevalence of wetlands alone. Hydro-geological mech-
anisms operating in subwatersheds of contrasting geo-
morphology and land cover composition likely account
for these patterns in stream water DOM concentration
and physiochemistry.
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Carbon budgets in UK peatlands are in the spotlight
for two main reasons. Firstly the water supply indus-
try, which in many parts of the country relies heavily
on upland water sources, is concerned about increas-
ing water colour, and secondly peatlands account for
50% of the total UK soil carbon store. It is therefore
entirely relevant to ask the question whether these im-
portant long-term carbon stores are beginning to leak
more carbon into surface waters, which at a certain
threshold value will switch the mass balance of indi-
vidual peatlands to net carbon loss. Streams draining
UK peatlands are typically DOC-rich and it is not un-
common to measure concentrations and fluxes in excess
of 15 mg L−1 and 100 kg C ha−1 yr−1, respectively.
We have recently measured DOC fluxes of 115-270 kg
C ha−1 yr−1 from acidic catchments containing be-
tween 35 and 85% peat (Billett et al. 2004; Dawson et
al. 2004). A full inventory of downstream carbon loss
in streams draining these catchments increases riverine
fluxes by 19-50% to values ranging from 137-323 kg C
ha−1 yr−1. This includes additional measurements of
POC, DIC and free CO2. Estimates of CO2 lost by
evasion from the stream surface in two catchments sug-
gests that significant amounts of carbon (46-141 kg C
ha−1 yr−1) are lost via the stream-atmosphere path-
way. Our work and others therefore shows that river-
ine fluxes from peatlands can exceed the annual long-
term rate of carbon accumulation (200-300 kg C ha−1

yr−1). UK peatlands would appear to be prone to
increased DOC loss; the potential for disturbance is
large, drainage networks are often dense (with good
connectivity between the soil-stream system) and cli-
matic variability is an important driver of both sea-
sonal and long-term flux change. At the moment it
is not possible to say whether a fundamental change
is taking place in UK peatlands or whether we are
now simply aware of all the loss terms and measuring
each term more accurately. The combination of long-
term NEE measurements with a complete inventory of
streamwater carbon losses is clearly a powerful way of
monitoring changes in the carbon balance of peatlands.
References Billett MF, Palmer SM, Hope D, Deacon
C, Storeton-West R, Hargreaves KJ, Flechard C and
Fowler D. 2004. Linking land-atmosphere-stream car-
bon fluxes. Global Biogeochemical Cycles 18, GB1024,
doi:10.1029/2003GB002058. Dawson, JJC, Billett MF,
Hope D, Palmer, SM and Deacon CM. 2004. Sources
and sinks of aquatic carbon linked to a peatland stream
continuum. Biogeochemistry (in press).
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In peatland ecosystems, actual microbial activity is
lower than the potential activity as a result of both
substrate and nutrient limitations. Extracellular enzy-
matic hydrolysis is often considered the rate limiting
step for the provision of fermentative products. Termi-
nal mineralisation to CO2 and CH4 is dependent upon
the rate and activity of the fermenting organisms and
CH4 is additionally hindered by the presence of com-
petitive electron accepting processes such as iron and
sulphate reduction. The aim of this study is to de-
termine the spatial and temporal patterns of poten-
tial CO2 and CH4 production, DOC and fatty acid
dynamics across a peatland complex. The results of
this study show that the history and botanical com-
position are equally important to the pathway of ter-
minal mineralization of C to CO2 and CH4. Under
standard conditions, CH4 contributes a small portion
of total C mineralised. The presence of alternative elec-
tron accepting processes such as iron reduction were
not likely inhibitory and did not contribute a large
portion of the CO2 produced. However, despite small

concentrations of SO2−
4 , evidence of thiosulfate pro-

duction and consumption in incubations supports the
notion of sulphate recycling, resulting in competitive-
ness with methanogenesis. The addition of glucose and
acetate resulted in a spatially variable response both
within sites and between sites. Acetate additions in
slurries did not stimulate potential CH4 production
in the poorer Bog site. Additions of glucose resulted
in the variable accumulation and utilisation of fatty
acids. The dynamics of this DOC pool are a reflec-
tive of the zone of fluctuation and mean annual water
table depth. Microbial populations have a high affinity
to labile sources of carbon and are influenced by the
presence of alternative processes. Despite small con-

centrations, SO2−
4 can be a potentially large source of

CO2 production and CH4 limitation in certain peat en-
vironments. Fatty acids as intermediates for terminal
C mineralization are seen as key players in peatland
ecosystems.
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Humic substances are a heterogeneous class of mod-
erate molecular weight, yellow-colored bio-molecules
present in all soils, sediments and natural waters. Al-
though humic substances are generally resistant to mi-
crobial degradation under anaerobic conditions, some
microorganisms in soils and sediments can use quinone
moieties in humic substances as electron acceptors or
as electron shuttles in the microbial reduction of fer-
ric iron. In turn, ferrous iron can reduce nitrate, fa-
cilitating the formation of organic nitrogen moieties.
Field studies of humic electron shuttling processes can
be carried out by characterizing the oxidation state of
quinone moieties in humic substances at natural con-
centrations using fluorescence spectroscopy. We have
used fluorescence spectroscopy to show that humic sub-
stances are important in electron transport reactions in
coastal marine sediments and in the water columns of
ice-covered lakes. Gradients in humic redox state may
also occur as stream water is exchanged with water in
associated hyporheic zones. We conducted a conserva-
tive tracer injection experiment in an alpine stream-
wetland system located in the Front Range of the Col-
orado Rocky Mountains. In this system, concentrations
of nitrate and dissolved organic carbon both increase
with the onset of snowmelt as nitrate deposited in the
snowpack is mobilized and DOC is flushed from upper

soil horizons. During the tracer experiment, we sam-
pled wells adjacent to the stream and found that lower
nitrate concentrations occurred in wells with slower hy-
porheic exchange and more reduced dissolved humic
substances. These results suggest that humic redox
shuttling may be an important process linking carbon,
nitrogen and iron cycling in watersheds.
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Sulphate reduction rates in wetland soils typically
account for a large fraction of the anaerobic electron
flow, despite small pool sizes of sulphate in the pore
waters. The studies objective was to test the hypoth-
esis that recycling of sulphur occurs and that redox-
reactions of dissolved organic matter (DOM) are in-
volved in the recycling process. To examine the re-
cycling process we used peat mesocosm from two peat-
lands in Ontario, Canada and subjected them to sul-
phur deposition and vertical water flow of about 2
mm/day. Depth profiles of DOC and sulphate concen-
trations were determined and vertical mass balances
calculated. In addition we determined 34S sulphate
profiles of pore waters. Batch experiments with ad-
dition of H2S to solutions of standard peat humic acid
(Pahokee Peat, IHSS) were used to determine whether
H2S was oxidized by humic acids, and what the re-
action products were. Enrichment with 34S at inter-
mediate depths, constant sulphate concentrations with
depth and absence of oxygen suggested that sulphate
reduction and anaerobic sulphate release concurrently
occurred. In the batch experiments two apparent re-
actions of H2S with DOM were observed. In the fast
initial reaction, H2S was oxidized mostly to elemen-
tal sulphur and secondarily to sulphate. Production of
thiosulfate was not observed. In a slower reaction step
H2S was further consumed and the sum of dissolved in-
organic forms of sulphur in the pore water decreased.
This was interpreted as H2S being incorporated into
the organic substance. No systematic relationship be-
tween pH and the oxidation process was found. Overall
the results suggest that dissolved organic matter is in-
volved in an anaerobic sulphur cycle allowing for high
rates of sulphate reduction in sulphate-poor peatlands.

URL: http://www.geo.uni-bayreuth.de/hydrologie/
mitarbeiter/index.php?mitid=15&lang=en
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In the boreal region of northern Sweden, where ap-

proximately four weeks of snow melt provides close
to 50% of the annual runoff, winter conditions and
the transition to spring plays a key role in controlling
the flux and concentration of dissolved organic carbon
(DOC). Because of the long winters in northern Swe-
den, with an average snow cover of 170 days per year,
changes in the snow cover or amount and timing of snow
melt could significantly alter the DOC dynamics dur-
ing the spring flood period. We report on a study in-
volving fifteen boreal catchments in northern Sweden
monitored during the spring flood to examine the DOC
variability in relation with catchment characteristics,
in combination with a soil frost manipulation study.
The results suggests that the amount and timing of
snow melt and the extent of soil frost can have large in-
fluence on the DOC concentration in small streams and
rivers in the region. Because much of the pH decline in
northern Sweden during the spring flood is attributed
to natural variability in DOC, a further concentration


