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Abstract Climate may regulate dissolved organic carbon (DOC) composition across the peat-water
interface, but experimental evidence is scarce. We manipulated the climate in peatland and recipient surface
water mesocosms to reflect four different climate warming scenarios. In half of the mesocosms, the water level
was managed to avoid drought, after which responses were recorded during two annual cycles. It was
hypothesized that warming and drought increase the aromaticity and humic-like fluorescence character of DOC,
and that this change propagate to recipient waters. Pore water DOC concentrations increased with temperature
and peaked in hydrologically unmanaged mesocosms. Aromaticity increased as expected after drought in the
warmest scenario (+3.2°C), but the overall evidence for hypothesized changes in DOC aromaticity and
fluorescence composition (%) was limited. In managed warming scenarios, one aromatic humic component
expectedly increased together with microbially derived humic fluorescence, whereas two other humic-like
components decreased. In the unmanaged mesocosms which were exposed to drought, water level exerted an
overriding control of humic DOC; for example, as the microbially derived humic fluorescence diminished after
drought in all climate scenarios. In the surface water recipients, warming had nearly no impact on humic-like
fluorescence, but there were decreases in protein-like fluorescence. Overall, this experiment revealed no
conclusive support for the hypothesized aromatization and humification of peatland-derived DOC in response to
drought or warming. Nonetheless, both factors increase the quantity of DOC in peatland pore waters and affect
composition in complex ways, calling for further investigation of chemical and functional traits of peatland
DOC in a changing environment.

Plain Language Summary It is well known that peatlands leach organic carbon into recipient
freshwaters, affecting their water quality. We hypothesized that warming and drying of peatlands make the
material that leaches out from the peat more aromatic and brownish-colored. Such a browning would,
chemically, be comparable to what happens in a fruit or vegetable that becomes brown faster due to air exposure
or being taken out from the fridge. This hypothesis was tested in a laboratory experiment with peatland and
receiving surface water ecosystems in glass tanks, in which the climate and water level were manipulated.
Warming increased the concentrations and fluxes of dissolved organic carbon, but the “brownness” of the
leached material generally did not change. Nonetheless, we found that different groups of fluorescent organic
compounds either increased or decreased because of the combined influence of climate and water level. Thus,
despite lacking support for our overall hypothesis, peatland leachate responses to climate change and water level
clearly exist but are more complex than what could be expected. Our study underscores the importance of
further characterization of the organic matter that leaches from peatlands in a changing environment, and how
the freshwater network is affected.

1. Introduction

Northern hemisphere peatlands are hot spots in the global carbon cycle, storing more than 400 Pg of carbon in as
little as ~2% of earth's land surface (Hugelius et al., 2020). Much attention has been drawn to peatland response to
a changing environment (Gallego-Sala et al., 2018; Qiu et al., 2020; Salimi et al., 2021), especially in the context
of warming and alterations in hydrology, frost conditions and wildfire dynamics (Loisel et al., 2021). These
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pressures not only affect the biogeochemical cycles within peatlands, but also the lateral export of solutes
including dissolved organic carbon (DOC), to recipient freshwaters (Burd et al., 2020; Rosset et al., 2022). Thus,
climate-related factors shape the role played by peatlands in the carbon cycle across land and water.

Over the last three decades, increased leakage of DOC from land into water has been widely reported in Europe
and North America, related to changes in factors that include soil acidity (Evans et al., 2012), hydrology (de Wit
et al., 2016) and temperature (Wauthy et al., 2018; Weyhenmeyer & Karlsson, 2009). For peatlands, there is
empirical and experimental evidence of increasing DOC fluxes in a moderately warmer climate (Lou et al., 2014;
Rosset et al., 2022). The hydrological impact is complex and partly indirect, for example, as drought may induce
increased sulfur oxidation that lowers pH, hence limiting DOC solubility and export (Clark et al., 2012).
Nonetheless, DOC production and accumulation in pore waters generally increase with boosted microbial activity
in response to a lowered water table, whereas downstream DOC export increases with rising discharge during
high water table conditions (Lou et al., 2014; Strack et al., 2008). Thus, DOC export from peatlands is controlled
by the complex hydrological and biogeochemical dynamics of interchangeable dry and wet periods.

The concentrations and fluxes of DOC are relatively well-studied in peatland warming experiments (Pastor
etal., 2003) and field studies (Rosset et al., 2022), but less is known about the warming effects on composition and
characteristics of the DOC (Fenner et al., 2007). A long-standing hypothesis has been that warming increases the
aromaticity of peatland DOC, due to temperature-dependent oxidation of plant phenolics into aromatic com-
pounds (Freeman et al., 2001, 2004). This is the same mechanism as that which causes browning of fruit and
vegetables, that is, phenol oxidase transforms phenols into brown-pigmented aromatic compounds upon exposure
to oxygen, at rates that are speeded up by higher temperatures (Queiroz et al., 2008). However, peatland warming
experiments have provided inconclusive evidence for the expected effect on DOC aromaticity, with responses
ranging from positive (Lou et al., 2014) to absent (Luan et al., 2019) and even negative (Kane et al., 2014). To
advance the understanding of climate change effects on peatland DOC, there is need to address the combined
impact of warming and other major aspects of the environment, such as water table dynamics.

Most aromatic DOC is hydrophobic and generally referred to as “humic” if alkali-extracted (Olk et al., 2019) or
“humic-like” (Murphy et al., 2013) if measured using fluorescence excitation-emission matrix (EEM) analysis.
Humic DOC causes a dark, acidic and carbon-rich environment in freshwaters, which constrains biodiversity and
changes food web structures (Creed et al., 2018; Jansson et al., 2007). However, in spite of this pivotal key role of
humic DOC, the general hypothesis that climate change causes a relatively more humic character of the DOC
largely remains poorly tested (Creed et al., 2018). Studies have found support for increasing DOC aromaticity
with dropping peatland water level (Hribljan et al., 2014) and vice versa (Kane et al., 2021), as indicated patterns
in Specific UV absorbance (SUVA) (specific ultraviolet absorbance; a proxy variable for aromaticity). However,
no experimental study has analyzed the combined effects of warming and hydrological conditions on DOC
composition in both peatlands and their recipient freshwaters.

Based on the idea of temperature-dependent oxidative aromatization of organic matter, we here hypothesized that
well-aerated and warm environments transform peatland DOC into a more aromatic state. We predicted that both
warming and drought (low water level) cause elevated SUVA and increased relative abundance of humic-like
fluorescence, while other components such as protein-like fluorescence decrease. It was further predicted that
these changes propagate to recipient waters. The hypotheses were tested in a laboratory study which involved
manipulation of climate and water levels in peatland and recipient surface water mesocosms. Water levels were
managed in half of the mesocosms to avoid drought, and the DOC composition response at different simulated
future climates was recorded using EEM analysis. Besides allowing for the predictions to be tested, the setup
provided a basis for discussion of possible interactions between warming, water table dynamics and other
environmental factors on DOC composition.

2. Methods
2.1. Study Site and Experimental Design

The experiment was based on peatland samples from the ombrotrophic bog Fdjemyr in southern Sweden (56°
15N, 13°33’E), dominated by dwarf shrubs (Calluna vulgaris and Erica tetralix), sedges (Eriophorum vagi-
natum) and Sphagnum mosses like S. magellanicum and S. rubellum (Lund et al., 2012). Fdjemyr is a raised
(eccentric) bog, with the mean annual temperature of 6°C and precipitation (mainly rain) of 700 mm (Lund
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Figure 1. Schematic representation of how peat and recipient surface water mesocosms were distributed in four climate
chambers. Each climate chamber simulated a specific computed climate scenario by controlling temperature, humidity and
radiation automatically. Precipitation was added manually, and runoff was transferred manually from each pair of replicate
peat mesocosms to one recipient surface water mesocosm. Water levels varied freely from top to bottom in the unmanaged
mesocosms, while being adjusted toward a fixed depth, indicated by lock symbol, in managed mesocosms.

et al., 2007). Most of the area is naturally saturated in fall and winter, with a water table a couple of cm above
ground level, while during and spring and summer the water table depth typically varies from 0 to 20 cm (Lund
et al., 2007). The bog is drained by multiple streams that discharge into nearby small lakes and open water
wetlands.

The samples were dug up on 15 June 2017, from the top 20 cm of the bog and placed directly in 16 glass tanks
(30 X 22 cm inner surface, 24 cm height; one sample per tank). Each tank had a representative abundance of
sedges and dwarf shrubs, underlain by living moss at the top, decaying moss and plant material in the middle and
young peat at the bottom. A vertical 3 cm wide pipe was inserted in the middle of each peat mesocosm tank, with
an inlet at the tank bottom, from which water samples and outflow water was collected throughout the experiment.
The peatland mesocosms were directly and randomly placed in four different climate chambers (model KK 750
Pol-Eko-Aparatura Wodzisaw Slski, Poland) and incubated for more than three years in total, during which
temperature, relative humidity and light (using 840 fluorescent lamps) were regulated at 3-hr interval. Sampling
and monitoring of the mesocosms were initiated on first of October 2017.

Each of the climate chambers represented one climate scenario and contained four peatland mesocosms plus two
additional recipient surface water mesocosms that received the peatland mesocosm outflow (see schematic in
Figure 1 and climate scenario data in Figure 2). Conceptually, these recipients represent shallow lakes or open
water wetlands. The recipient surface water mesocosms were initially filled by 5 cm depth sediment and 18 cm
depth stormwater with 5 mg L™" of DOC from an urban stormwater pond at Lund University campus (Sjon Sjon,
located at the Faculty of Engineering). Due to the shallow depth of these mesocosms, they were always well
mixed and oxygenated even if no stirring occurred (dissolved oxygen saturation >50%). No outflow pipes were
installed in the recipient water mesocosms, as sampling and removal of runoff could be done directly from the
middle of the open water.

The simulated climates scenarios involved drought periods with different degrees of severity. To disentangle the
effects of hydrology and temperature, respectively, we managed the water table in half of the mesocosms, whereas
the other half were allowed to flood or dry out. Hence, each climate chamber contained one managed and one
unmanaged set of duplicate peatland mesocosms, each associated with a recipient surface water mesocosm
(Figure 1). The water table dynamics of the unmanaged mesocosms roughly followed the water table dynamics of
the field site Fdajemyr (Lund et al., 2007). However, drought probably hit harder in the mesocosms than in the
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‘ —cC RCP26 RCP45 __RCP85 ‘ field, especially at elevated expejrlment'al temperatures, because the meso-
cosm glass bottom prevented capillary rise of water from deeper peat layers.
— 30 4 r 120 — . . .
E E In this study, the management treatment provided a stable hydrological
z 25 1 N\ [ 100 z baseline for evaluation these droughts. More generally, we chose to include
'% 20 - '% hydrological management in the experiment as a response to the social de-
:g— 15 4 :g— mand for knowledge on carbon dynamics in managed wetlands, for example,
95’_ 10 | g given the increased interest in peatland rewetting projects (Salimi &
) = Scholz, 2022; Salimi et al., 2021).
8 °] g
0 2 No measurements of DOC composition were carried out during the first year
. c of the incubation. Thus, from the perspective of this study, the experiment
%) E started in year two and covered years two and three, whereas year one was an
O;,’ 20 - ‘E initial stabilization and climate acclimatization period.
g 01 o 2.2. Precipitation, Runoff, and Water Level Management
£ >
2 04 % Precipitation and runoff simulation was conducted discretely, once per week,
10 149 = by sprinkling rainwater that was collected from neighboring greenhouse glass
EE 9 @ ® ©© 0 O 0 2 0 O roofs to the top of peatland and recipient surface water mesocosms, and by
B T T T N T T T I . .
8 g ° 2 3 3 8 g ° 2 3 32 8 manually transferring runoff water from the peatland outflow pipes to the

Figure 2. Simulated climate scenarios. Precipitation and temperature raw

recipient surface water mesocosms using a syringe and tube. Thus, there was
no continuous flow through the system, but a manual weekly simulation of

data are shown as thin semi-transparent lines read on the left-side y axes. To water fluxes.
make the differences between the scenarios more visible, monthly values

(plotted in the middle of each month range) for precipitation and mean
temperature are shown as thick lines read on the right-side y axes.

Water levels were managed in half of the replicates directly after the weekly
rainwater addition, while the other half remained unmanaged. Water levels
between above 10 and below 18 cm (from the bottom of the mesocosm) were
identified as appropriate management thresholds. Water level management was performed by either adding water
from the pond Sjon Sjon to the mesocosms when the water level declined to less than 10 cm due to evapo-
transpiration, or by removing excess water from the mesocosms as runoff when the water level exceeded 18 cm
(Figure 3). All the outflow from the managed peatland mesocosms was transferred to the managed recipient
surface water mesocosm and the outflow from the unmanaged peatland mesocosms was transferred to the un-
managed recipient mesocosm (Figure 1). The managed surface water recipient mesocosms went through the same
management protocol as the peatland mesocosms, that is, confining the water level to a 10-18 cm range.

For the unmanaged mesocosms, the water level management procedures were skipped, and rainwater was
simulated using climate scenario precipitation values. Runoff from the unmanaged mesocosms was based on
overflow only: when water approached the top of the glass tanks it was siphoned through a tube from which it was
collected. This siphon was inserted in the outflow pipes of the peatland mesocosms and in the middle of the water
in the recipient surface water mesocosms. Unmanaged peatland and their recipient mesocosms experienced
drought in 2018, with little or no water in the tanks (Figure 3), hence there was insufficient water for any sampling
of unmanaged peat mesocosms during the simulated dry months of May—July 2018. Overall, the water level
showed more than three times greater fluctuations in unmanaged than in hydrologically managed peat mesocosms
(Figure 3).

2.3. Climate Scenarios

Current climate (CC) simulations were based on measurements from the Swedish Meteorological and Hydro-
logical Institute, with a time lag of 1 year. Thus, when the measurements for this study started in October 2018, the
simulated climate represented October 2017. The procedure for defining climate scenarios is explained in detail
by Salimi et al. (2021) and Salimi and Scholz (2022). In short, future climate warming scenarios (Figure 2) were
calculated with the delta change approach, using the differences and ratios between historical climate data and
regional climate models data based on future representative concentration pathway (RCP) climate scenarios.
Besides temperature and precipitation, relative humidity and photosynthetically active radiation were controlled
for each scenario as explained by Salimi et al. (2021). The four different climate conditions included a CC (2017—
2019) and the three future RCP climate scenarios RCP 2.6 (low), RCP 4.5 (moderate), and RCP 8.5 (extreme).
Compared with the CC, simulated climate warming scenarios elevated the average temperatures by 1.7°C (RCP
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‘ —cC RCP26 RCP45 - RCP85 ‘ 2.6), 2.0°¢ (RCP4.5) énd 3.2°C (.RCP 8.5), and winter precipitation iflcreased
gradually in the warming scenarios by up to ~20 mm per month (Figure 3).
25 Managed peatland 7] Unmanaged peatland
20 1\ S 2.4. Sampling and Analyses
e WA |/ !
:", 15 N J/\\ ] ¥ ‘ ‘ Samples for DOC concentration and optical composition analyses (absor-
] = N y \ / bance and fluorescence) were collected monthly from the peatland mesocosm
% 10 - \ \/ outlet pipes and from the center point of the recipient surface water meso-
% 5 cosms, using a syringe. However, in 12% of the cases it was not possible to
= i i extract sufficient water for analysis due to either drought (10%) or frost (2%).
g 0 - — Ice and soil frost were generally absent and did not affect the sampling, with
§ Managed recipient Unmanaged recipient the exception of the simulated month February 2018 when the surface water
g 25 + 1 mesocosms and one of the CC peatland mesocosms were frozen on the
s <)
= 204 A ; | sampling day. The samples for optical analyses were filtered through glass
g ~ 4 e fiber filters (Whatman GF/F) and stored cold until analysis. DOC samples
= 15 1 \/\V /4 ‘ f WY T were filtered through syringe filters (0.45 pum Filtropur S, Sarstedt, Niim-
% 10 A i - ¥ brecht, Germany), stored cold and analyzed through oxidative combustion-
§ , \ infrared analysis using a TOC analyzer (model TOC-V CPH-TNM-1, Shi-
5 1 1 madzu, Japan).

P O A, e, N N A N . A Y} Absorbance scans and excitation-emission fluorescence matrices (EEMs)
hO) E T oy ‘E T ‘E T o Z NI were collected on an Aqualog (Horiba Scientific) in a 1-cm quartz cuvette (2 s
S s 2 38 s 2 38 s 2 38 s 2 3 integration time) over 5 nm excitation wavelength increments from 230 to
800 and ~2 nm emission increments from 250 to 800 nm. The EEMs were
Figure 3. Water levels in the different experiment mesocosms, in four blank-subtracted (Milli-Q water), corrected for inner filter effects (Kothawala
simulated climate scenarios. In the managed mesocosms (panels to the left), et al., 2013), normalized to the Raman area of deionized (Milli-Q) water

the water level was adjusted by stormwater additions and water removal, to
avoid drought and flooding. The unmanaged mesocosms (panels to the right)
were allowed to dry out or flood without restrictions.

(Lawaetz & Stedmon, 2009) and cropped to excitation range 250-450 nm and
emission range 300-600 nm. Fluorescent components were identified with
parallel factor analysis (PARAFAC) of the corrected EEMs using the sixth
release of the drEEM toolbox (Murphy et al., 2013) in MATLAB® release
2022a. To get a strong unified PARAFAC model for the whole project, we did not limit the data input to the time
frame and mesocosms used in this study (n = 496) but used all available EEMs from the entire experiment
(n = 1,505; Berggren et al., 2024), including those from constructed wetland mesocosms described by Salimi and
Scholz (2021). After removing outliers (3% of the cases), where the inner filter correction failed because of too
high absorbance, a six-component model was validated using split-half analysis (Figure S1 in Supporting In-
formation S1) and cross-referenced against openFLUOR (Murphy et al., 2014). All components represented
different known humic- and protein-like DOM fractions (Table 1).

Specific UV absorbance was used as an indicator of DOC aromaticity, where higher values mean increasing
percentage of carbon in aromatic rings (Weishaar et al., 2003). We calculated the SUVA values at a wavelength of
254 nm (SUVA,s,) by dividing the decadic absorbance coefficient at 254 nm (m™") by DOC concentration
(mg L™h.

2.5. Statistics

Hydrological management and climate scenario effects on DOC composition variables (% contribution from each
PARAFAC component) were tested using paired #-tests in combination with Bonferroni corrections to maintain
the overall alpha at 0.05. However, as we found that the scenarios often had different impact on managed and
unmanaged mesocosms, respectively, we needed to do an additional test to confirm that there was an interaction
between scenario and management. Therefore, we performed mixed linear effects modeling in Minitab® 19, with
time as random factor, while climate scenario and management were fixed factors (not shown). This test showed
that all six PARAFAC components were affected by significant (p < 0.05) interactions between scenario and
management in the peatland mesocosms, confirming that any diverging -test results between unmanaged and
managed mesocosms accurately reflected underlying interactions. Finally, seasonal relationships and links be-
tween peatland source and recipient surface water mesocosms were explored using Pearson r correlations.
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Table 1

Component Peak Positions, Peak Names and Descriptions Cross Referenced (Similarity 95% <) Using the OpenFluor Database (Murphy et al., 2014)

# Excitation max (nm) Emission max (nm) Peak type Cross reference examples Description

1 <250 (310) 440 A&C C1 in Hassan et al. (2023); C1 in Lambert et al. (2016b); Humic-like
C3 in Yamashita et al. (2010)

2 <250 (340) 519 D C2 in Hassan et al. (2023); C2 in Lambert et al. (2016b); Soil fulvic
C5 in Yamashita et al. (2010) acid

3 <250 (305) 383 M C4 in Zhou et al. (2019); C3 in Lambert et al. (2016b); Microbially
C4 in Yamashita et al. (2010) derived

4 <250 (385) 466 No name (upper em of C4 in Shakil et al. (2020); C3 in Harjung et al. (2018); Humic-like

A &C) C4 in Cohen et al. (2014)
5 330 463 No name (upper em range C6 in Wheeler et al. (2017); C1 in Sgndergaard et al. (2003); Humic-like
of C) C3 in Lambert et al. (2016a)
6 280 330 B C5 in Lambert et al. (2016b); C1 in Cohen et al. (2014); Protein-like

C7 in Yamashita et al. (2010)

Note. Peak type and description follow terminology of P. G. Coble (1996) and P. G. Coble et al. (2014).

3. Results

On average, DOC concentrations were significantly higher in hydrologically unmanaged (drought-exposed) than
in the corresponding managed (water level-controlled) mesocosms, but in recipient surface waters this difference
was only significant for CC and RCP 2.6 (Figure 4). The peat pore water DOC concentration was higher at RCP
8.5 than at CC in both managed and unmanaged mesocosms, but in contrast the managed RCP 2.6 scenario saw a
slight drop in peat DOC. An overview of mean annual DOC fluxes through the mesocosms is presented in Figure
S2 in Supporting Information S1. In disagreement with our prediction, SUVA,s, values did not change signif-
icantly in response to climate scenario. However, as an expected drought effect, SUVA,s, was higher in un-
managed than in managed peat mesocosms at RCP 8.5 (Figure 4).

Total fluorescence intensity showed a pattern that mirrored the DOC variations, with relatively high values in
unmanaged systems and in warming scenarios, especially in peat pore waters at RCP 8.5 (Figure 5a). Seen over
time, total fluorescence was similar in all mesocosm types until the simulated 2018 drought, after which the values
increased strongly in unmanaged peat mesocosms and their recipients (Figure 5b). Seasonally, the absolute in-
tensities of all individual fluorescence components correlated positively with temperature, with a few non-
significant exceptions, like C5 in recipient mesocosms (Table 2). These increases in fluorescence intensities
varied in strength between components, resulting in compositional changes. In the case of relative (%) fluores-
cence contributions, the two most abundant humic-like components C1 and C2 showed the predicted positive
temperature relationships, and protein-like fluorescence (C6) decreased as expected (Table 2). The contributions
(%) from remaining humic-like components unexpectedly showed absent (C4), mixed positive/negative (C3) or
negative (C5) temperature responses. It is important to point out that these correlations were mainly driven by
seasonality and not by (experimental) warming scenario, which had relatively minor impact on the temperature
variations over time (Figure 3).

The experimental warming scenarios showed fluorescence composition (%) responses that were complex and
often deviating from predictions. In most of the warming scenarios, humic-like components C1 and C3 increased
as expected in managed peat mesocosms, but the remaining humic-like components showed unexpected de-
creases (C2 and C4) or mixed positive/negative (C5) responses (Figure 6). Moreover, no general pattern of
changing humic-like fluorescence contributions across climate scenarios could be found in unmanaged meso-
cosms (Figure 6) or in any recipient surface water mesocosms (Figure S3 in Supporting Information S1). The
protein-like component C6 (%) decreased as predicted in response to RCP 2.6 and RCP 8.5 in unmanaged peat
mesocosms and in their recipients (Figure 6 and Figure S3 in Supporting Information S1). However, climate
scenario had no impact on C6 in managed mesocosms (Figure 6 and Figure S3 in Supporting Information S1)
except for in RCP 8.5 recipient mesocosms, where there expectedly was a slight yet significant decrease (Figure
S3 in Supporting Information S1).
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The impact of drought itself on humic-like fluorescence contributions (%)
was inconsistent, with effects ranging from strongly increased (C2) to
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strongly decreased (C3) values in the unmanaged compared to managed peat
mesocosms (Figure 6). Contributions from C1 at RCP 2.6 and 4.5 were
relatively lower in unmanaged than in managed peat mesocosms, while C4 at
- = RCP 4.5 showed the opposite response and C5 was unchanged (Figure 6).
Protein-like fluorescence (C6) partly responded as predicted, with decreased
abundance in response to drought, but this effect was only statistically sig-
nificant in the RCP 8.5 peat mesocosms (Figure 6). Interestingly, fluores-
cence composition in all recipient mesocosms was irresponsive to
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The slopes of the recipient versus peat mesocosm fluorescence intensity re-
lationships (Figure 7) were at least twice as steep for managed compared with
unmanaged mesocosms, in the case of C1-3 and C6 (but C4 and C5 showed

degree of transfer from peat to recipient, whereas C5 was most lost in the
recipient mesocosms.

ﬁ no corresponding difference). Components C1 and C3 showed the largest

Figure 4. (a) Concentration of dissolved organic carbon and (b) specific
ultraviolet absorbance at 254 nm in water from managed (controlled water
level) and unmanaged (allowed to dry or flood) peatland and recipient
mesocosms under different simulated climates. Boxes present quartiles 1, 2
(median) and 3. Lower and upper whiskers reach toward the 5th and 95th
percentiles, respectively, and caps show mean/max values. Asterisk
represents significant difference from the current climate and hash symbols
denote significant difference between matching managed and unmanaged
mesocosms, based on 2-tailed paired #-tests. The #-tests are Bonferroni-
corrected for a total of 40 comparisons made in the figure (scaled alpha:

0.05/40 = 0.00125).

i hydrological manipulation (Figure S3 in Supporting Information S1).

0
xR . .

5SS 4. Discussion

©e Warming and hydrological intensification change the DOC dynamics across
the land-water interface, with a wide range of aquatic ecosystem effects
(Blanchet et al., 2022; Jane et al., 2021; Solomon et al., 2015). The humic
character of DOC, especially aromaticity, is a central feature for recipient
ecosystem responses, but the idea that ongoing climate processes increase the
humic content of terrestrially exported DOC remains a poorly tested hy-
pothesis (Creed et al., 2018). Based on the manipulation of the climate in peat-
based wetlands—a global hot spot for DOC export especially in northern
landscapes (Rosset et al., 2022)—we discuss here that warming impacts both
the quality and composition of peat DOC in ways that are sensitive to hy-
drology. However, our findings add to a growing number of studies with
lacking support for the hypothesis of a generically increasing aromatic and
humic-like character of peat-derived DOC with warming, and in our experiment the DOC composition changes
were mainly detected in the peatland pore waters but to a lesser extent in recipient surface waters.

Freeman et al. (2001) showed that warming can lead to selective accumulation of dissolved aromatics in peat
wetlands, explained by temperature-limited oxidation of simple plant phenols into highly pigmented complex
aromatic molecules (Freeman et al., 2001; Pinsonneault et al., 2016). However, this study found no support for the
prediction that DOC aromaticity increases with warming, as SUVA,s, was roughly constant across climate
scenarios. This contrasts experimental findings from the Tibetan Plateau, where peatland SUVA increased with
warming (Lou et al., 2014), but agrees with some boreal peatland heating experiments with irresponsive SUVA
(Luan et al., 2019; Sun et al., 2023). Interestingly, one temperate peat study found lowered SUVA with warming,
linked to increasing bio-labile DOC at sites with more primary productivity (Kane et al., 2014), probably due to
fresh plant-derived DOC (Strack et al., 2015). This suggests that plant productivity can dampen or reverse the
negative impact of warming on SUV A, possibly explaining the lack of SUV A response at the Fdjemyr site, which
is relatively productive as long as water is supplied (Salimi et al., 2021).

Nonetheless, hydrological management did increase SUVA (aromaticity) as expected in the warmest scenario,
where the mesocosms that were exposed to drought cycles had relatively more aromatic DOC. The drought in the
hydrologically unmanaged RCP 8.5 scenario was associated with strongly decreased net ecosystem productivity
in our experiment, as reported by Salimi et al. (2021). Decreasing net ecosystem productivity in Fidjemyr has also
been observed during drought through on-site field observations (Lund et al., 2012). In association with such
productivity-limiting droughts, peatlands are expected to release relatively old and processed DOC with high
aromaticity, especially upon subsequent rewetting (Clark et al., 2012; Tiwari et al., 2022). Thus, whereas climate
per se appeared unimportant for total DOC aromaticity in this specific study, severe drought (RCP 8.5 climate)
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Figure 5. (a) Average contributions in Raman units (R.U.) to the fluorescent

dissolved organic matter (FDOM) in peat mesocosms with managed and
unmanaged water level, and their respective surface water recipient
mesocosms, under four simulated climate scenarios. The contributions to the
fluorescence intensities are stacked for six PARAFAC components, shown
in different colors (C1-C6). (b) Average total FDOM across climate
scenarios plotted over time for managed and unmanaged peat and recipient

mesocosms.

Table 2

range of previously reported SUVA responses to peatland environment
change, influenced by local differences between studies in factors including
peatland productivity and hydrological functioning.

This study expands existing knowledge from peat warming experiments as
DOC composition changes were measured using PARAFAC analysis of
fluorescence EEMs, revealing complex and hydrology-dependent response
patterns. For example, the protein-like fluorescence (C6, %) decreased as
predicted in some peat warming scenarios (Figure 6) and was negatively
related to seasonal temperature variations in peat (Table 2). However, the
experimental warming effect on C6 was seen mainly in hydrologically un-
managed mesocosms, suggesting that it may not be primarily caused by
climate scenario, but rather by the hydrology which caused severe drought
and decreasing net primary productivity in our unmanaged warmed meso-
cosms (Salimi et al., 2021). This agrees with past findings of lower percentage
protein-like fluorescence in DOC from relatively less productive peat wet-
lands (Fellman et al., 2008).

Two of the humic-like PARAFAC components, C1 and C3, followed the
hypothesized pattern of increasing relative abundance with warming, but the
effect was limited to peat mesocosms with managed water level. Component
C1 fluoresces in a region that correlates with the highest-weight and most
aromatic molecular fractions of natural DOC, while C3 is the classical M peak
of presumed microbial origin representing relatively more nitrogen-rich and
aliphatic molecules (Stubbins et al., 2014). Given that the managed meso-
cosms were designed to provide continuously optimal supply of water,
warming likely stimulated microbial processes and increased the oxidative
degradation of peat (Jassey et al., 2012; Pinsonneault et al., 2016), expected to
boost C3 but also produce partly oxidized phenolics of aromatic C1-like
character. However, in the hydrologically unmanaged mesocosms, C1 and
C3 made up consistently low shares of the fluorescence, with no difference
between climate scenarios. This observation disagrees with our prediction but

Pearson r Correlations Between Monthly Mean Temperatures and the Absolute (Raman Units) or Relative (% of Total) Contributions to Fluorescent Dissolved Organic
Matter Fluorescence by Six PARAFAC Components (C1-C6)

Variable Peat, managed (n = 183) Recipient, managed (n = 89) Peat, unmanaged (n = 131) Recipient, unmanaged (n = 80)
C1 (R.U.) 0.81* 0.80* 0.42% 0.70*
C2 (R.U.) 0.79* 0.76* 0.52% 0.35
C3 (R.U.) 0.78* 0.81% 0.37¢ 0.82°
C4 (R.U.) 0.77* 0.65% 0.48" 0.31
C5 (R.U.) 0.72% 0.08 0.39* 0.21
C6 (R.U.) 0.53% 0.76* 0.18 0.76*
Cl1 (%) 0.25° 0.35° 0.12 0.29
C2 (%) 0.40* —0.29 0.58* —0.19
C3 (%) —0.27° 0.57* —0.36" 0.18
C4 (%) 0.09 —0.34 0.15 —0.24
C5 (%) —0.24° —0.48" —0.35°¢ —0.13
C6 (%) —0.34% —0.20 —0.43% —0.09

Note. The significance levels are Bonferroni-corrected for 48 tests made in this table. “2-tail p < 0.001/48 (<0.0000208). 2 _tail p < 0.05/48 (<0.00104). “2-tail p < 0.01/
48 (<0.000208).
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Figure 6. Contributions (%) to the fluorescence by six PARAFAC components, to the fluorescent dissolved organic matter in
pore waters from managed (controlled water level) and unmanaged (allowed to dry or flood) peatland mesocosms under
different simulated climates. Each line shows the average of two replicate mesocosms exposed to a specific climate
simulation. Dashed line represents significant difference from the current climate and thick line denote significant difference
between matching managed and unmanaged mesocosms, based on 2-tailed paired z-tests. The #-tests are Bonferroni-
corrected for a total of 60 comparisons made across the panels (scaled alpha: 0.05/60 = 0.000833). The squares highlight
sustained periods without any overlap between curves for managed and unmanaged mesocosms, respectively.

supports the view that hydrology is the master factor of overriding importance and a limiting factor for peatland
microbial processes (Gorecki et al., 2021).

The fact that C2 and C4 showed the complete opposite response patterns (compared to that of C1 and C3; see
Figure 6), while C5 was not coherently affected by either climate scenario or hydrological management, dem-
onstrates that humic DOC response to climate change is complex. Component C2 overlaps with peak “D,”
possibly representing fulvic acids (P. G. Coble et al., 2014) or conjugated humics in general (Moona et al., 2021).
Regarding C4, the OpenFluor cross-references (Cohen et al., 2014; Harjung et al., 2018; Shakil et al., 2020)
propose an origin in the fluorophores “A 4 C,” but this is questionable because C4 had slightly higher emission
maximum (466 nm) than the ranges of both “A” (400-460 nm) and “C” (420—460 nm) (P. G. Coble, 2007). It is
similarly difficult to interpret C5, since the cross-references (Table 1) define this component as either “unknown”
or as poor match with “C.” Nonetheless, in spite of these limitations in the interpretability of C2, C4 and C5, our
analysis shows that the combined EEM-PARAFAC approach can detect response patterns among sub-
components of humic DOC, even where SUVA fails to identify the impact of both warming and the hydrolog-
ical regime. This calls for further, more detailed, characterizations of the DOC response to peatland change, for
example, using high resolution mass spectroscopy or nuclear mass resonance approaches (McCallister
et al., 2018). Given that northern peatlands are highly vulnerable to climate change while being one of the Earth's
largest sources of DOC export (Rosset et al., 2022), such analyses can shed light on globally significant changes in
the chemical properties of exported DOC, and thus the anticipated ecosystem impacts including those on
greenhouse gas emissions (Lapierre et al., 2013) and aquatic food webs (Creed et al., 2018).
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Figure 7. Relationships between fluorescence intensities of six PARAFAC components (C1-C6) in surface water recipient
mesocosms and in peat source mesocosms, respectively. The data is split into managed mesocosms (filled circles, n = 171)
with controlled water level and unmanaged mesocosms (open squares, n = 119) allowed to dry out or flood. The points show
results across a range of simulated climate variations during a 2-year experiment, in which the runoff from peat mesocosms
was transferred to matching recipient surface water mesocosms.

The experimental treatments mattered surprisingly little for DOC composition in recipient surface water meso-
cosms, and our prediction that hypothesized impacts from warming and drought propagate to recipient waters was
poorly supported. Nonetheless, the transfer rates from peat to recipient provide important insights into the
persistence of peat-derived DOC in receiving surface waters. Out of the six PARAFAC components, C1 and C3 in
the managed mesocosms showed the highest transfer, with slopes of the recipient versus peat mesocosm con-
centrations of 1:1 (C1) or 2:1 (C3; see Figure 7), indicating either recalcitrance to degradation and/or additional
production in the water at rates that compensated the consumption. These components are not only known to be
persistent to biological degradation (Cory & Kaplan, 2012) but can also be net produced by bacterioplankton
(Berggren et al., 2020). At the same time, they are susceptible to photo-degradation (Stubbins et al., 2014). On
long time-scales, humic-like components tend to be lost from the water (Kellerman et al., 2015). However, since
the lamps of the climate chambers simulated photosynthetically active radiation only (not ultraviolet light), the
possibility of photodegradation was limited, and components C1 and C3 could accumulate in the water.

Remaining components were lost to various degrees in the water, presumably from a combination of degradation
and rainwater dilution, especially C5 which was nearly completely degraded in recipient water mesocosms.
However, there was no general pattern of protein-like and non-aromatic DOC being more persistent than humic-
like DOC, as found by others (Kellerman et al., 2015; Weyhenmeyer et al., 2012), possibly because the residence
time was too short and the photo-decay too limited in the experiment for such patterns to be realized. It should be
noted that the low recipient versus peat slopes in unmanaged mesocosms (Figure 7) was caused by the delayed
effect from the 2018 drought, as it took several months until total fluorescence intensities in recipient mesocosms
balanced with the remarkably high post-drought fluorescence intensities of the unmanaged peat source meso-
cosms (Figure 5). This effect was a result of our experimental design, but also reflects the hydrological
disconnection between surface waters and upland carbon sources induced by drought (Szkokan-Emilson
et al., 2017). A similar disconnection and delay in DOC export from the Fdjemyr peatland its recipients could be
expected, based on what is known about the hydrology (Lund et al., 2007) and sensitivity to drought (Lund
et al., 2012) of this site.
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The degree to which this experimental study is representative to the Fidjemyr site and its recipient surface waters is
an open question, given that we simulated only the upper 20 cm of the peatland system. In situ measurements have
shown that Fdjemyr switches from being a carbon sink during normal years to a carbon source during years with
drought (Lund et al., 2012), confirming that the site is highly sensitive to hydrological variations. Climate
warming has experimentally been shown to exacerbate the difference in the Fijemyr carbon balance between dry
and wet conditions, respectively (Salimi et al., 2021), but the overall picture from these past studies is that hy-
drology is the master regulator of carbon biogeochemistry. In this regard, it is unsurprising that this study found a
relatively greater importance of water level dynamics, than of temperature, for the quantity and composition of
DOC across the peat-surface water interface.

5. Conclusion and Outlook

In the face of ongoing climate change, the fate of peat-derived carbon in surface waters is getting increased
attention. This study adds to growing evidence for increased peatland DOC concentrations and export in response
to climate warming and intensified drought cycle dynamics. However, in disagreement with our hypothesis, none
of the tested IPCC scenarios increased the overall aromaticity or the humic-like character of peatland DOC.
Drought did increase pore water aromaticity of DOC as predicted, but only when combined with extreme
warming. Moreover, we found weak support for climate warming impacts on DOC composition in recipient
surface waters. Thus, no coherent support was received for the predictions that warming and drought conditions
result in aromatic and humic-like DOC in peatlands as well as recipient waters. Nonetheless, EEM-PARAFAC
revealed that some sub-components of the DOC pool in the peatland pore water increased with warming whereas
other decreased, with especially clear patterns if drought was absent, calling for further studies to characterize
these fractions with greater chemical detail (Tfaily et al., 2015). Interestingly, the two humic-like fluorescence
components that showed coherent positive responses to climate warming were also the same two components that
were most persistent in the recipient surface water mesocosms. Most importantly, our study highlights the role of
hydrology, as drought can cancel or reverse the controls on DOC composition otherwise exerted by climate.

Data Availability Statement

A summary of PARAFAC component scores, DOC concentrations, SUVA and other data used in the analyses
(monthly mean mesocosm temperature and water level) can be found in the supporting data file “Supplementary
fluorescence data.xlsx.” This data is also deposited at figshare (https://www.doi.org/10.6084/m9.figshare.
25827340), together with original and processed EEMs, and the MATLAB® code used in the PARAFAC
modeling.

References

Berggren, M., Gudasz, C., Guillemette, F., Hensgens, G., Ye, L., & Karlsson, J. (2020). Systematic microbial production of optically active
dissolved organic matter in subarctic lake water. Limnology & Oceanography, 65(5), 951-961. https://doi.org/10.1002/In0.11362

Berggren, M., Salimi, S., Sparkes, B., & Scholz, M. (2024). Dissolved organic matter composition in a peatland mesocosm experiment in Fijemyr
(Sweden) as PARAFAC components and specific ultraviolet absorbance [Dataset]. figshare. https://doi.org/10.6084/m9.figshare.25827340

Blanchet, C. C., Arzel, C., Davranche, A., Kahilainen, K. K., Secondi, J., Taipale, S., et al. (2022). Ecology and extent of freshwater browning-
What we know and what should be studied next in the context of global change. Science of the Total Environment, 812, 152420. https://doi.org/
10.1016/j.scitotenv.2021.152420

Burd, K., Estop-Aragones, C., Tank, S. E., & Olefeldt, D. (2020). Lability of dissolved organic carbon from boreal peatlands: Interactions between
permafrost thaw, wildfire, and season. Canadian Journal of Soil Science, 100(4), 503-515. https://doi.org/10.1139/cjss-2019-0154

Clark, J. M., Heinemeyer, A., Martin, P., & Bottrell, S. H. (2012). Processes controlling DOC in pore water during simulated drought cycles in six
different UK peats. Biogeochemistry, 109(1-3), 253-270. https://doi.org/10.1007/s10533-011-9624-9

Coble, P. G. (1996). Characterization of marine and terrestrial DOM in seawater using excitation emission matrix spectroscopy. Marine
Chemistry, 51(4), 325-346. https://doi.org/10.1016/0304-4203(95)00062-3

Coble, P. G. (2007). Marine optical biogeochemistry: The chemistry of ocean color. Chemical Reviews, 107(2), 402-418. https://doi.org/10.1021/
¢cr050350

Coble, P. G., Spencer, R. G. M., Baker, A., & Reynolds, D. M. (2014). Aquatic organic matter fluorescence. In A. Baker, D. M. Reynolds, J. Lead,
P. G. Coble, & R. G. M. Spencer (Eds.), Aquatic organic matter fluorescence (pp. 75-122). Cambridge University Press. https://doi.org/10.
1017/CB09781139045452.006

Cohen, E., Levy, G. J., & Borisover, M. (2014). Fluorescent components of organic matter in wastewater: Efficacy and selectivity of the water
treatment. Water Research, 55, 323-334. https://doi.org/10.1016/j.watres.2014.02.040

Cory, R. M., & Kaplan, L. A. (2012). Biological lability of streamwater fluorescent dissolved organic matter. Limnology & Oceanography, 57(5),
1347-1360. https://doi.org/10.4319/10.2012.57.5.1347

BERGGREN ET AL.

11 of 13

95U801 SUOLIWIOD SAIIeD) 3|dedl|dde ay) Ag peusenob ale saoile O ‘9sn Jo sajnJ o} Areiqi aUIUQO AS]IA UO (SUONIPUCD-PUe-SWLY/WOY A3 1M Aleid 1 pUluD//SdNL) SUONIPUOD PUe SLUB | 8U1 89S *[7202/90/0T ] Uo Aeiqiaulluo A8iM ‘Sa.1 Aq 208/009CEZ02/620T OT/10p/wod Ao imArelqpul|uo'sgndnBe//sdny wolj pepeojumod ‘9 ‘¥20¢ ‘T96869TZ


https://www.doi.org/10.6084/m9.figshare.25827340
https://www.doi.org/10.6084/m9.figshare.25827340
https://doi.org/10.1002/lno.11362
https://doi.org/10.6084/m9.figshare.25827340
https://doi.org/10.1016/j.scitotenv.2021.152420
https://doi.org/10.1016/j.scitotenv.2021.152420
https://doi.org/10.1139/cjss-2019-0154
https://doi.org/10.1007/s10533-011-9624-9
https://doi.org/10.1016/0304-4203(95)00062-3
https://doi.org/10.1021/cr050350
https://doi.org/10.1021/cr050350
https://doi.org/10.1017/CBO9781139045452.006
https://doi.org/10.1017/CBO9781139045452.006
https://doi.org/10.1016/j.watres.2014.02.040
https://doi.org/10.4319/lo.2012.57.5.1347

. Y d N |
MMN\I
ADVANCING EARTH
AND SPACE SCIENCES

Journal of Geophysical Research: Biogeosciences 10.1029/20231G007807

Creed, 1. F., Bergstrom, A., Trick, C. G., Grimm, N. B., Hessen, D. O., Karlsson, J., et al. (2018). Global change-driven effects on dissolved
organic matter composition: Implications for food webs of northern lakes. Global Change Biology, 24(8), 3692-3714. https://doi.org/10.1111/
gcb.14129

de Wit, H. A., Valinia, S., Weyhenmeyer, G. A., Futter, M. N., Kortelainen, P., Austnes, K., et al. (2016). Current browning of surface waters will
be further promoted by wetter climate. Environmental Science & Technology Letters, 3(12), 430-435. https://doi.org/10.1021/acs.estlett.
6b00396

Evans, C. D., Jones, T. G., Burden, A., Ostle, N., Zieliriski, P., Cooper, M. D. A., et al. (2012). Acidity controls on dissolved organic carbon
mobility in organic soils. Global Change Biology, 18(11), 3317-3331. https://doi.org/10.1111/j.1365-2486.2012.02794.x

Fellman, J. B., D'Amore, D. V., Hood, E., & Boone, R. D. (2008). Fluorescence characteristics and biodegradability of dissolved organic matter in
forest and wetland soils from coastal temperate watersheds in southeast Alaska. Biogeochemistry, 88(2), 169—184. https://doi.org/10.1007/
$10533-008-9203-x

Fenner, N., Freeman, C., Lock, M. A., Harmens, H., Reynolds, B., & Sparks, T. (2007). Interactions between elevated CO2 and warming could
amplify DOC exports from peatland catchments. Environmental Science & Technology, 41(9), 3146-3152. https://doi.org/10.1021/es061765v

Freeman, C., Evans, C. D., Monteith, D. T., Reynolds, B., & Fenner, N. (2001). Export of organic carbon from peat soils. Nature, 412(6849), 785.
https://doi.org/10.1038/35090628

Freeman, C., Ostle, N.J., Fenner, N., & Kang, H. (2004). A regulatory role for phenol oxidase during decomposition in peatlands. Soil Biology and
Biochemistry, 36(10), 1663-1667. https://doi.org/10.1016/j.s0ilbio.2004.07.012

Gallego-Sala, A. V., Charman, D. J., Brewer, S., Page, S. E., Prentice, I. C., Friedlingstein, P., et al. (2018). Latitudinal limits to the predicted
increase of the peatland carbon sink with warming. Nature Climate Change, 8(10), 907-913. https://doi.org/10.1038/s41558-018-0271-1

Gorecki, K., Rastogi, A., Strozecki, M., Gabka, M., Lamentowicz, M., Lucow, D., et al. (2021). Water table depth, experimental warming, and
reduced precipitation impact on litter decomposition in a temperate Sphagnum-peatland. Science of the Total Environment, 771, 145452.
https://doi.org/10.1016/j.scitotenv.2021.145452

Harjung, A., Sabater, F., & Butturini, A. (2018). Hydrological connectivity drives dissolved organic matter processing in an intermittent stream.
Limnologica, 68, 71-81. https://doi.org/10.1016/j.1imno.2017.02.007

Hassan, M., Talbot, J., Arsenault, J., Martinez-Cruz, K., Sepulveda-Jauregui, A., Hoyos-Santillan, J., & Lapierre, J. F. (2023). Linking dissolved
organic matter to CO2 and CH4 concentrations in Canadian and Chilean peatland pools. Global Biogeochemical Cycles, 37(4). https://doi.org/
10.1029/2023gb007715

Hribljan, J. A., Kane, E. S., Pypker, T. G., & Chimner, R. A. (2014). The effect of long-term water table manipulations on dissolved organic carbon
dynamics in a poor fen peatland. Journal of Geophysical Research-Biogeosciences, 119(4), 577-595. https://doi.org/10.1002/2013j2002527

Hugelius, G., Loisel, J., Chadburn, S., Jackson, R. B., Jones, M., MacDonald, G., et al. (2020). Large stocks of peatland carbon and nitrogen are
vulnerable to permafrost thaw. Proceedings of the National Academy of Sciences of the United States of America, 117(34), 20438-20446.
https://doi.org/10.1073/pnas. 1916387117

Jane, S. F., Hansen, G. J. A., Kraemer, B. M., Leavitt, P. R., Mincer, J. L., North, R. L., et al. (2021). Widespread deoxygenation of temperate
lakes. Nature, 594(7861), 66-70. https://doi.org/10.1038/s41586-021-03550-y

Jansson, M., Persson, L., DeRoos, A. M., Jones, R. L., & Tranvik, L. J. (2007). Terrestrial carbon and intraspecific size-variation shape lake
ecosystems. Trends in Ecology & Evolution, 22(6), 316-322. https://doi.org/10.1016/j.tree.2007.02.015

Jassey, V. E.J., Chiapusio, G., Gilbert, D., Toussaint, M. L., & Binet, P. (2012). Phenoloxidase and peroxidase activities in Sphagnum-dominated
peatland in a warming climate. Soil Biology and Biochemistry, 46, 49-52. https://doi.org/10.1016/j.s0ilbio.2011.11.011

Kane, E. S., Dieleman, C. M., Rupp, D., Wyatt, K. H., Rober, A. R., & Turetsky, M. R. (2021). Consequences of increased variation in peatland
hydrology for carbon storage: Legacy effects of drought and flood in a boreal fen ecosystem. Frontiers in Earth Science, 8. ARTN 577746.
https://doi.org/10.3389/feart.2020.577746

Kane, E. S., Mazzoleni, L. R., Kratz, C. J., Hribljan, J. A., Johnson, C. P., Pypker, T. G., & Chimner, R. (2014). Peat porewater dissolved organic
carbon concentration and lability increase with warming: A field temperature manipulation experiment in a poor-fen. Biogeochemistry, 119(1—
3), 161-178. https://doi.org/10.1007/s10533-014-9955-4

Kellerman, A. M., Kothawala, D. N., Dittmar, T., & Tranvik, L. J. (2015). Persistence of dissolved organic matter in lakes related to its molecular
characteristics. Nature Geoscience, 8(6), 454-457. https://doi.org/10.1038/Nge02440

Kothawala, D. N., Murphy, K. R., Stedmon, C. A., Weyhenmeyer, G. A., & Tranvik, L. J. (2013). Inner filter correction of dissolved organic
matter fluorescence. Limnology and Oceanography: Methods, 11(12), 616-630. https://doi.org/10.4319/lom.2013.11.616

Lambert, T., Bouillon, S., Darchambeau, F., Massicotte, P., & Borges, A. V. (2016a). Shift in the chemical composition of dissolved organic
matter in the Congo River network. Biogeosciences, 13(18), 5405-5420. https://doi.org/10.5194/bg-13-5405-2016

Lambert, T., Teodoru, C. R., Nyoni, F. C., Bouillon, S., Darchambeau, F., Massicotte, P., & Borges, A. V. (2016b). Along-stream transport and
transformation of dissolved organic matter in a large tropical river. Biogeosciences, 13(9), 2727-2741. https://doi.org/10.5194/bg-13-2727-
2016

Lapierre, J. F., Guillemette, F., Berggren, M., & del Giorgio, P. A. (2013). Increases in terrestrially derived carbon stimulate organic carbon
processing and CO2 emissions in boreal aquatic ecosystems. Nature Communications, 4(1), 2972. https://doi.org/10.1038/ncomms3972

Lawaetz, A.J., & Stedmon, C. A. (2009). Fluorescence intensity calibration using the Raman scatter peak of water. Applied Spectroscopy, 63(8),
936-940. https://doi.org/10.1366/000370209788964548

Loisel, J., Gallego-Sala, A. V., Amesbury, M. J., Magnan, G., Anshari, G., Beilman, D. W., et al. (2021). Expert assessment of future vulnerability
of the global peatland carbon sink. Nature Climate Change, 11(1), 70-77. https://doi.org/10.1038/s41558-020-00944-0

Lou, X. D, Zhai, S. Q., Kang, B., Hu, Y. L., & Hu, L. L. (2014). Rapid response of hydrological loss of DOC to water table drawdown and
warming in Zoige peatland: Results from a mesocosm experiment. PLoS One, 9(11), e109861. https://doi.org/10.1371/journal.pone.0109861

Luan, J. W., Wu, J. H,, Liu, S. R., Roulet, N., & Wang, M. (2019). Soil nitrogen determines greenhouse gas emissions from northern peatlands
under concurrent warming and vegetation shifting. Communications Biology, 2(1), 132. https://doi.org/10.1038/s42003-019-0370-1

Lund, M., Christensen, T. R., Lindroth, A., & Schubert, P. (2012). Effects of drought conditions on the carbon dioxide dynamics in a temperate
peatland. Environmental Research Letters, 7(4), 045704. Artn 045704. https://doi.org/10.1088/1748-9326/7/4/045704

Lund, M., Lindroth, A., Christensen, T. R., & Strom, L. (2007). Annual CO, balance of a temperate bog. Tellus Series B Chemical and Physical
Meteorology, 59(5), 804-811. https://doi.org/10.1111/1.1600-0889.2007.00303.x

McCallister, S. L., Ishikawa, N. F., & Kothawala, D. N. (2018). Biogeochemical tools for characterizing organic carbon in inland aquatic eco-
systems. Limnology and Oceanography Letters, 3(6), 444-457. https://doi.org/10.1002/1012.10097

Moona, N., Holmes, A., Wiinsch, U. J., Pettersson, T. J. R., & Murphy, K. R. (2021). Full-scale manipulation of the empty bed contact time to
optimize dissolved organic matter removal by drinking water biofilters. ACS ES&T Water, 1(5), 1117-1126. https://doi.org/10.1021/
acsestwater.0c00105

BERGGREN ET AL.

12 of 13

95U801 SUOLIWIOD SAIIeD) 3|dedl|dde ay) Ag peusenob ale saoile O ‘9sn Jo sajnJ o} Areiqi aUIUQO AS]IA UO (SUONIPUCD-PUe-SWLY/WOY A3 1M Aleid 1 pUluD//SdNL) SUONIPUOD PUe SLUB | 8U1 89S *[7202/90/0T ] Uo Aeiqiaulluo A8iM ‘Sa.1 Aq 208/009CEZ02/620T OT/10p/wod Ao imArelqpul|uo'sgndnBe//sdny wolj pepeojumod ‘9 ‘¥20¢ ‘T96869TZ


https://doi.org/10.1111/gcb.14129
https://doi.org/10.1111/gcb.14129
https://doi.org/10.1021/acs.estlett.6b00396
https://doi.org/10.1021/acs.estlett.6b00396
https://doi.org/10.1111/j.1365-2486.2012.02794.x
https://doi.org/10.1007/s10533-008-9203-x
https://doi.org/10.1007/s10533-008-9203-x
https://doi.org/10.1021/es061765v
https://doi.org/10.1038/35090628
https://doi.org/10.1016/j.soilbio.2004.07.012
https://doi.org/10.1038/s41558-018-0271-1
https://doi.org/10.1016/j.scitotenv.2021.145452
https://doi.org/10.1016/j.limno.2017.02.007
https://doi.org/10.1029/2023gb007715
https://doi.org/10.1029/2023gb007715
https://doi.org/10.1002/2013jg002527
https://doi.org/10.1073/pnas.1916387117
https://doi.org/10.1038/s41586-021-03550-y
https://doi.org/10.1016/j.tree.2007.02.015
https://doi.org/10.1016/j.soilbio.2011.11.011
https://doi.org/10.3389/feart.2020.577746
https://doi.org/10.1007/s10533-014-9955-4
https://doi.org/10.1038/Ngeo2440
https://doi.org/10.4319/lom.2013.11.616
https://doi.org/10.5194/bg-13-5405-2016
https://doi.org/10.5194/bg-13-2727-2016
https://doi.org/10.5194/bg-13-2727-2016
https://doi.org/10.1038/ncomms3972
https://doi.org/10.1366/000370209788964548
https://doi.org/10.1038/s41558-020-00944-0
https://doi.org/10.1371/journal.pone.0109861
https://doi.org/10.1038/s42003-019-0370-1
https://doi.org/10.1088/1748-9326/7/4/045704
https://doi.org/10.1111/j.1600-0889.2007.00303.x
https://doi.org/10.1002/lol2.10097
https://doi.org/10.1021/acsestwater.0c00105
https://doi.org/10.1021/acsestwater.0c00105

. Y d N |
MMN\I
ADVANCING EARTH
AND SPACE SCIENCES

Journal of Geophysical Research: Biogeosciences 10.1029/20231G007807

Murphy, K. R., Stedmon, C. A., Graeber, D., & Bro, R. (2013). Fluorescence spectroscopy and multi-way techniques. PARAFAC. Anal Methods-
Uk, 5(23), 6557-6566. https://doi.org/10.1039/c3ay41160e

Murphy, K. R., Stedmon, C. A., Wenig, P., & Bro, R. (2014). OpenFluor-an online spectral library of auto-fluorescence by organic compounds in
the environment. Analytical Methods-UK, 6(3), 658—661. https://doi.org/10.1039/c3ay41935¢e

Olk, D. C., Bloom, P. R., Perdue, E. M., McKnight, D. M., Chen, Y., Farenhorst, A., et al. (2019). Environmental and agricultural relevance of
humic fractions extracted by alkali from soils and natural waters. Journal of Environmental Quality, 48(2), 217-232. https://doi.org/10.2134/
j€q2019.02.0041

Pastor, J., Solin, J., Bridgham, S. D., Updegraff, K., Harth, C., Weishampel, P., & Dewey, B. (2003). Global warming and the export of dissolved
organic carbon from boreal peatlands. Oikos, 100(2), 380-386. https://doi.org/10.1034/j.1600-0706.2003.11774.x

Pinsonneault, A. J., Moore, T. R., & Roulet, N. T. (2016). Temperature the dominant control on the enzyme-latch across a range of temperate
peatland types. Soil Biology and Biochemistry, 97, 121-130. https://doi.org/10.1016/j.50ilbio.2016.03.006

Qiu, C.J., Zhu, D., Ciais, P., Guenet, B., & Peng, S. S. (2020). The role of northern peatlands in the global carbon cycle for the 21st century. Global
Ecology and Biogeography, 29(5), 956-973. https://doi.org/10.1111/geb.13081

Queiroz, C., Lopes, M. L. M., Fialho, E., & Valente-Mesquita, V. L. (2008). Polyphenol oxidase: Characteristics and mechanisms of browning
control. Food Reviews International, 24(4), 361-375. https://doi.org/10.1080/87559120802089332

Rosset, T., Binet, S., Rigal, F., & Gandois, L. (2022). Peatland dissolved organic carbon export to surface waters: Global significance and effects
of anthropogenic disturbance. Geophysical Research Letters, 49(5). https://doi.org/10.1029/2021gl096616

Salimi, S., Berggren, M., & Scholz, M. (2021). Response of the peatland carbon dioxide sink function to future climate change scenarios and water
level management. Global Change Biology, 27(20), 5154-5168. https://doi.org/10.1111/gcb.15753

Salimi, S., & Scholz, M. (2021). Impact of future climate scenarios on peatland and constructed wetland water quality: A mesocosm experiment
within climate chambers. Journal of Environmental Management, 289, 112459. ARTN 112459. https://doi.org/10.1016/j.jenvman.2021.
112459

Salimi, S., & Scholz, M. (2022). Importance of water level management for peatland outflow water quality in the face of climate change and
drought. Environmental Science and Pollution Research International, 29(50), 75455-75470. https://doi.org/10.1007/s11356-022-20614-2

Shakil, S., Tank, S. E., Kokelj, S. V., Vonk, J. E., & Zolkos, S. (2020). Particulate dominance of organic carbon mobilization from thaw slumps on
the Peel Plateau, NT: Quantification and implications for stream systems and permafrost carbon release. Environmental Research Letters,
15(11), 114019. https://doi.org/10.1088/1748-9326/abac36

Solomon, C. T., Jones, S. E., Weidel, B. C., Buffam, I., Fork, M. L., Karlsson, J., et al. (2015). Ecosystem consequences of changing inputs of
terrestrial dissolved organic matter to lakes: Current knowledge and future challenges. Ecosystems, 18(3), 376-389. https://doi.org/10.1007/
$10021-015-9848-y

Sgndergaard, M., Stedmon, C. A., & Borch, N. H. (2003). Fate of terrigenous dissolved organic matter (DOM) in estuaries: Aggregation and
bioavailability. Ophelia, 57(3), 161-176. https://doi.org/10.1080/00785236.2003.10409512

Strack, M., Waddington, J. M., Bourbonniere, R. A., Buckton, E. L., Shaw, K., Whittington, P., & Price, J. S. (2008). Effect of water table
drawdown on peatland dissolved organic carbon export and dynamics. Hydrological Processes, 22(17), 3373-3385. https://doi.org/10.1002/
hyp.6931

Strack, M., Zuback, Y., McCarter, C., & Price, J. (2015). Changes in dissolved organic carbon quality in soils and discharge 10 years after peatland
restoration. Journal of Hydrology, 527, 345-354. https://doi.org/10.1016/j.jhydrol.2015.04.061

Stubbins, A., Lapierre, J. F., Berggren, M., Prairie, Y. T., Dittmar, T., & del Giorgio, P. A. (2014). What's in an EEM? Molecular signatures
associated with dissolved organic fluorescence in boreal Canada. Environmental Science & Technology, 48(18), 10598-10606. https://doi.org/
10.1021/es502086e

Sun, T., Lindo, Z., & Branfireun, B. A. (2023). Ground warming releases inorganic mercury and increases net methylmercury production in two
boreal peatland types. Frontiers in Environmental Science, 11. https://doi.org/10.3389/fenvs.2023.1100443

Szkokan-Emilson, E. J., Kielstra, B. W., Arnott, S. E., Watmough, S. A., Gunn, J. M., & Tanentzap, A.J. (2017). Dry conditions disrupt terrestrial-
aquatic linkages in northern catchments. Global Change Biology, 23(1), 117-126. https://doi.org/10.1111/gcb.13361

Tfaily, M. M., Corbett, J. E., Wilson, R., Chanton, J. P., Glaser, P. H., Cawley, K. M., et al. (2015). Utilization of PARAFAC-modeled excitation-
emission matrix (EEM) fluorescence spectroscopy to identify biogeochemical processing of dissolved organic matter in a northern peatland.
Photochemistry and Photobiology, 91(3), 684—-695. https://doi.org/10.1111/php.12448

Tiwari, T., Sponseller, R., & Laudon, H. (2022). The emerging role of drought as a regulator of dissolved organic carbon in boreal landscapes.
Nature Communications, 13(1), 5125. https://doi.org/10.1038/s41467-022-32839-3

Wauthy, M., Rautio, M., Christoffersen, K. S., Forsstrom, L., Laurion, I., Mariash, H. L., et al. (2018). Increasing dominance of terrigenous
organic matter in circumpolar freshwaters due to permafrost thaw. Limnology and Oceanography Letters, 3(3), 186—198. https://doi.org/10.
1002/1012.10063

Weishaar, J. L., Aiken, G. R., Bergamaschi, B. A., Fram, M. S., Fujii, R., & Mopper, K. (2003). Evaluation of specific ultraviolet absorbance as an
indicator of the chemical composition and reactivity of dissolved organic carbon. Environmental Science & Technology, 37(20), 4702-4708.
https://doi.org/10.1021/es030360x

Weyhenmeyer, G. A., Froberg, M., Karltun, E., Khalili, M., Kothawala, D., Temnerud, J., & Tranvik, L. J. (2012). Selective decay of terrestrial
organic carbon during transport from land to sea. Global Change Biology, 18(1), 349-355. https://doi.org/10.1111/j.1365-2486.2011.02544.x

Weyhenmeyer, G. A., & Karlsson, J. (2009). Nonlinear response of dissolved organic carbon concentrations in boreal lakes to increasing tem-
peratures. Limnology & Oceanography, 54(6), 2513-2519. https://doi.org/10.4319/10.2009.54.6_part_2.2513

Wheeler, K. I, Levia, D. F., & Hudson, J. E. (2017). Tracking senescence-induced patterns in leaf litter leachate using parallel factor analysis
(PARAFAC) modeling and self-organizing maps. Journal of Geophysical Research-Biogeosciences, 122(9), 2233-2250. https://doi.org/10.
1002/2016jg003677

Yamashita, Y., Scinto, L. J., Maie, N., & Jaffe, R. (2010). Dissolved organic matter characteristics across a subtropical wetland's landscape:
Application of optical properties in the assessment of environmental dynamics. Ecosystems, 13(7), 1006—1019. https://doi.org/10.1007/s10021-
010-9370-1

Zhou, Y. L., Martin, P., & Miiller, M. (2019). Composition and cycling of dissolved organic matter from tropical peatlands of coastal Sarawak,
Borneo, revealed by fluorescence spectroscopy and parallel factor analysis. Biogeosciences, 16(13), 2733-2749. https://doi.org/10.5194/bg-16-
2733-2019

BERGGREN ET AL.

13 of 13

95U801 SUOLIWIOD SAIIeD) 3|dedl|dde ay) Ag peusenob ale saoile O ‘9sn Jo sajnJ o} Areiqi aUIUQO AS]IA UO (SUONIPUCD-PUe-SWLY/WOY A3 1M Aleid 1 pUluD//SdNL) SUONIPUOD PUe SLUB | 8U1 89S *[7202/90/0T ] Uo Aeiqiaulluo A8iM ‘Sa.1 Aq 208/009CEZ02/620T OT/10p/wod Ao imArelqpul|uo'sgndnBe//sdny wolj pepeojumod ‘9 ‘¥20¢ ‘T96869TZ


https://doi.org/10.1039/c3ay41160e
https://doi.org/10.1039/c3ay41935e
https://doi.org/10.2134/jeq2019.02.0041
https://doi.org/10.2134/jeq2019.02.0041
https://doi.org/10.1034/j.1600-0706.2003.11774.x
https://doi.org/10.1016/j.soilbio.2016.03.006
https://doi.org/10.1111/geb.13081
https://doi.org/10.1080/87559120802089332
https://doi.org/10.1029/2021gl096616
https://doi.org/10.1111/gcb.15753
https://doi.org/10.1016/j.jenvman.2021.112459
https://doi.org/10.1016/j.jenvman.2021.112459
https://doi.org/10.1007/s11356-022-20614-2
https://doi.org/10.1088/1748-9326/abac36
https://doi.org/10.1007/s10021-015-9848-y
https://doi.org/10.1007/s10021-015-9848-y
https://doi.org/10.1080/00785236.2003.10409512
https://doi.org/10.1002/hyp.6931
https://doi.org/10.1002/hyp.6931
https://doi.org/10.1016/j.jhydrol.2015.04.061
https://doi.org/10.1021/es502086e
https://doi.org/10.1021/es502086e
https://doi.org/10.3389/fenvs.2023.1100443
https://doi.org/10.1111/gcb.13361
https://doi.org/10.1111/php.12448
https://doi.org/10.1038/s41467-022-32839-3
https://doi.org/10.1002/lol2.10063
https://doi.org/10.1002/lol2.10063
https://doi.org/10.1021/es030360x
https://doi.org/10.1111/j.1365-2486.2011.02544.x
https://doi.org/10.4319/lo.2009.54.6_part_2.2513
https://doi.org/10.1002/2016jg003677
https://doi.org/10.1002/2016jg003677
https://doi.org/10.1007/s10021-010-9370-1
https://doi.org/10.1007/s10021-010-9370-1
https://doi.org/10.5194/bg-16-2733-2019
https://doi.org/10.5194/bg-16-2733-2019

	description
	Climate Impact on Dissolved Organic Carbon Composition in a North‐Temperate Peatland and Recipient Surface Water
	1. Introduction
	2. Methods
	2.1. Study Site and Experimental Design
	2.2. Precipitation, Runoff, and Water Level Management
	2.3. Climate Scenarios
	2.4. Sampling and Analyses
	2.5. Statistics

	3. Results
	4. Discussion
	5. Conclusion and Outlook
	Data Availability Statement



