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Abstract

Arctic climate change is expected to lead to atgrdaequency of extreme winter
warming events. During these events, temperatag@dly increase to well above 0°C for
a number of days, which can lead to snow melt atdhdscape scale, loss of insulating
snow cover and warming of soils. However, uponrretf cold ambient temperatures,
soils can freeze deeper and may experience maeeefithaw cycles due to the absence
of a buffering snow layer. Such loss of snow cavadl changes in soil temperatures may
be critical for litter decomposition since a statdeil microclimate during winter
(facilitated by snow cover) allows activity of soitganisms. Indeed, a substantial part of
fresh litter decomposition may occur in winter. Hoxgr, the impacts of extreme winter
warming events on soil processes such as decongpodibive never before been
investigated. With this study we quantify the imigaaf winter warming events on fresh
litter decomposition using field simulations ant Eudies.

Winter warming events were simulated in sub-Ardteathland using infrared
heating lamps and soil warming cables during Mdtghically the period of maximum
snow depth) in three consecutive years of 200782860d 2009. During the winters of
2008 and 2009, simulations were also run in Jan(igpycally a period of shallow snow
cover) on separate plots. The lab study includaédcsoes with and without fresh litter
subjected to winter warming simulations in climabtambers.

Litter decomposition of common plant species waaff@cted by winter warming
events simulated either in the lab (litterBdtula pubescens ssp. czerepanovii), or field
(litter of Vaccinium vitis-idaea, andB. pubescens ssp. czerepanovii) with the exception of

Vaccinium myrtillus (a common deciduous dwarf shrub) that showed nesss loss in
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response to winter warming events. Soil G&flux measured in the lab study was (as
expected) highly responsive to winter warming esehtt surprisingly fresh litter
decomposition was not. Most fresh litter mass lndbe lab occurred during the first 3-4
weeks (simulating the period after litter fall).

In contrast to past understanding, this suggestswinter decomposition of fresh
litter is almost non-existent and observations wbssantial mass loss across the cold
season seen here and in other studies may resaitl&aching in autumn, prior to the
onset of “true” winter. Further, our findings sugingly suggest that extreme winter

warming events do not affect fresh litter decomipoisi
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I ntroduction

The Arctic is already experiencing warmer wintemperatures as a result of
climate change and winter is predicted to contitmevarm more than summer. Also
predicted are increases in more extreme weathertey8habbar et al. 2004; Liu et al.
2006; Christensen et al. 2007; Brown et al. 208&}freme winter warming events are
already being observed in some Arctic regions, taede can result in complete snow
melt across whole landscapes (Callaghan et al.; 2l0denix et al. 2004; Bokhorst et al.
2009). Vegetation and soils can than be warmedshart periods (e.g., 1 week) but
afterwards are then exposed to the returning matdec winter temperatures and freeze-
thaw cycles until a fresh layer of insulating snmadeposited. Such rapid temperature
changes are likely to impact soil organisms andptioeesses they are involved in (e.g.,
decomposition) (Lipson et al. 2002; Mikan et al020Schmidt et al. 2004; Schimel et al.
2007) but this has never previously been investijat

Extreme warming events are likely to increase ntiiaoactivity during winter,
and may result in increased soil respiration arghén litter decomposition rates. This
could increase the already substantial (~20% ness litter breakdown over the cold
season in Arctic ecosystems (Bleak 1970; Moore 19884; Taylor et al. 1990; Hobbie
et al. 1996). Some studies suggest that microkdapiration of freshly-fallen litter
subsequently covered by snow might even signiflgacdntribute to total winter soil
respiration (Uchidaet al. 2005) which could -during a winter warming evebécome
even higher should microbial activity be stimulatétbwever, after such a warming

event, soils no longer insulated by snow and maguigect to freeze-thaw cycles which
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could cause an opposite ‘negative’ effect on mitlodctivity (Yergeau et al. 2008). The
physical damage to litter in response to freezerthgcles are generally believed to be
short term and negligible compared to microbiaivagtin winter (Taylor et al. 1988).

In addition to uncertainty regarding the impactexfreme warming events, there
is also a more general question of when during dblel season most fresh litter
decomposition occurs. Past studies have shown adtat cold season litter
decomposition (Hobbie et al. 1996) but in such issiccold season’ can be true winter
only or include autumn and/or early spring. HoweMéter mass loss could happen
during: a) litter leaching and active microbial &kdown in autumn, b) active microbial
breakdown during winter (period with complete snoawer) and, c) active microbial
breakdown and leaching as a result of spring snat. rrurther, impacts of winter
warming events on fresh litter decomposition comdke an important, yet currently
unquantified, contribution to the annual ecosystarbon budget of Arctic ecosystems
but cannot be accurately predicted until it is chhen most microbial litter breakdown
occurs during the cold season.

With these concerns in mind we determined the ingpaicwinter warming events
on fresh litter decomposition using lab and fietddges in sub-Arctic heathland — a
common and widely distributed vegetation type. Theld studies consisted of
simulations of winter warming events on experimeplats using infrared lamps and soil
warming cables with litter bags deployed to quaritiésh litter decomposition rates. We
hypothesize that: 1) the winter warming events wouemporarily increase
decomposition due to higher microbial activity leagdto larger litter mass loss rates, 2)

generally more recalcitrant litter types (evergremrd bryophytes) are less likely to
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respond to winter warming events than more easigcothposable litter types
(deciduous). This field work was supported by labudations of winter warming events
on soil cores with and without fresh litter. Sailres were subjected to different number
and duration of winter warming events to deterntime impacts of repeated and longer
events. We hypothesize here that 3) higher litemodhposition rates should be found in
longer winter warming events while more freeze-thewgnts will reduce these rates. 4)
Microbial breakdown of fresh litter during winterawning events will increase total soil

respiration rates.
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Materials and M ethods

Smulation of extreme winter warming events

Simulations of winter warming events in the fielér& performed in a sub-Arctic
heathland community close to the Abisko ScientResearch Station (ANS) in northern
Sweden (68° 21’ N, 18° 49’ E). Full details of tlesearch site and experimental set-up
are described in Bokhorst al. (2008). In brief, the experiment consisted of 2dtg
consisting of 6 control, 6 that were exposed toeekdong winter warming event in
January using infrared heating lamps (800 W engittat 3 um; HS 2408, Kalglo
Electronics Co., Bethlehem, USA), 6 for a similanter warming event in March, and 6
plots that also ran in March which included heatargps and additional soil warming to
enhance soil thaw. Winter warming events were stedl in January (mid-winter) and
March (late-winter) as the length of exposure tlieotemperatures after such an event
may affect winter litter decomposition.

Simulation of an extreme winter warming event sirat the beginning of
January and March for a period of seven days dwimgh the lamps were kept at 50 cm
distance from the snow surface and lowered accgiylias the snow depth decreased.
This approach ensured gradual snow thaw, takingetliays to thaw the full depth of
snow in each plot (average starting snow depthim)»0As vegetation became exposed,
lamps were kept at 70 cm above the soil surfacd, \aa monitored leaf surface
temperatures (Digitron 1408-K, Torquay, Devon, Ukthwtype-K thermocouplejand
canopy air and soil temperatures from the thermssiathin the plots to ensure warming

was realistic and within the bounds of temperatwesorded for real events. Soil
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warming cables were switched on two days afteddh®s to simulate the delay in soil
thaw during a real event. Timing, rate and degffesayming were based on real events
occurring in the Abisko region (Bokhorst et al. 8p(Heating lamps were removed from
the frames at the end of the week-long warmingnmeat to avoid any shading effects of
the lamps during the following growing season. ®lkre then left untouched for the
three remaining months of winter before data ctitbecin spring and summer (June —
August).

To monitor temperature changes, thermistors weaeepl in each plot at the soil
surface, logging at 6-h intervals and recorded odata logger (CR10 X Campbell
Scientific, UK). Simulation of extreme winter wammgi events started at the beginning of
January and March 2008 and 2009. The March platspnaviously been exposed to a
winter warming simulation in 2007 as part of a studf plant responses but

decomposition studies were not undertaken then.

Litter decomposition in the field

Litter was collected during September 2007 by ctillg) senesced leaves shaken
from abundant specied/accinium myrtillus (deciduous dwarf shrup)V. vitis-idaea
(evergreen dwarf shrukgnd Betula pubescens ssp. czerepanovii (deciduous tree). All
samples were air-dried for 7d, after which theyewvelaced in litter bags (6 cm x 6 cm
with mesh size of 1.0 mm). Each plot received tierlibags, there being 4 eachBf
pubescens (0.300 g dry weight equivalent of air dried mathri&. myrtillus (0.150 g),
andV. vitis-idaea (0.300 g). All weights were determined from air:owdry (70°C 48h)

ratios determined from a subset of samples. Lit@gs were placed in the plots on



159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

September 2¥ 2007 (just after the start of autumn in this regiand one litter bag of
each type was retrieved in spring 2008 just aftemsmelt on May 19 to assess winter
warming event impacts. Bags were also collected fomeks later on June™6o
determine the breakdown rates in early spring. Heurtcollections were made in
September 2¥ 2008 and May 3D 2009 to assess the longer term impacts throughout
summer and the effects of two years of winter wagrevents respectively. Litter mass-
loss was measured after oven drying (70°C 48h)n€ M content of the litter was
determined at the start of the experiment (by nsmesctrometer, PDZ Europe 2020,

SerCon, Crewe, UK).

Laboratory experiment of litter mass loss during winter with simulated extreme warming
events

To quantify the impacts of winter warming events fogsh litter breakdown, a
laboratory experiment was conducted with soil covite and without surface fresh litter,
and subjected to different winter warming eventgtySfour soil cores (3.0 cm height
with a diameter of 4.8cm) were collected from thead shrub heathland around the field
experiment during the autumn of 2007. Cores weaeqa in black PVC tubes with a
closed mesh (0.5 mm) bottom and taken to Sheffigld, Vegetation and identifiable
litter were removed from the top of the cores aftbich the cores were divided into four
groups, of 16 cores each, which would receive diffe winter warming events. Cores
were sealed at the bottom with cling film to prevair exchange during respiration

measurements, put into darkened plastic boxesplaeed in a climate chamber at 5 °C.
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To determine if fresh litter respiration substahgiaontributes to soil respiration
(Uchida et al. 2005), 8 of the 16 cores of eachugroandomly received 0.400 g
(corrected for oven-dried weight, 70°C 48h) of dried senesce®. pubescens ssp.
czerapanovii leaves (collected in autumn 2007 by shaking ofé ttiees). This
approximately equals the amount of litter thatasnenonly found on the top of the soil
layer in the Abisko area per surface area (Riretah. 2008). Total depth of the organic
layer of the soil columns is less than found in fiedd which could lead to an
overestimation of the contribution of fresh litter soil respiration, none-the-less we
chose to focus on the shallower soil depth sineeuttper layer will be first to thaw and
be most responsive to a short natural warming eBefore placemenBetula litter was
rewetted with a site-specific soil water extracbr(®) for two days to re-inoculate the
litter with its microbial community. To enable baiup of the microbial community on
the litter, the cores were kept at 5°C for 30 dgstarting mid October) before being
transferred to a climate chamber kept at —5°C.

Four different +5 °C winter warming events were asgd on the soil cores: 2
types of “winter warming events” of 8-d total (angie 8 day event and a double 4 day
event) and 2 of 16-d total duration (a single 1§sdand 4 of 4 days). This design
therefore allowed us to compare the impact of singl. multiple events while holding
the total degree days constant, and the impaciedfotal duration.

To reduce desiccation of litter and soil at subsz&mperatures, cores were
covered by a 2-cm thick layer of crushed ice inm@stting (1 mm) which was removed
before, and replaced after, respiration measuresn€@@ production was measured by

sealing the cores with a rubber septum, and takihgad space sample (2.0 ml) at 4 min
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intervals. Air samples were immediately analyzed@®, concentrations on an infrared
gas analyzer (PP Systems EGM-1).,(u@bduction was always measured the day before,
and after a temperature change, and repeatedlebettemperature changes until the end
of April 2008 (day 184).

Litter was recovered from the cores after 184 data incubation time, and was
oven-dried at 70°C for 48h, after which mass loas determined. To estimate “autumn”
mass loss in this laboratory study an additiona fsets of litter samples (n=8) were
rewetted and stored as described above. One seinwasdiately collected and oven-
dried, another set was collected after 2-d followgdveekly sampling of the remaining

three sets during the 30-d initial incubation pérad +5°C.

Satistical analyses

Differences in litter mass-loss between extremetaviwarming events from the
field were analysed with repeated measures ANOVpectes difference in C and N
content of litter was analyzed with a one-way ANO\AAd post-hoc Tukey HSD.
Repeated measures ANOVA was used to test for differs in respiration rate between
soil cores with and without litter in the lab studBifferences in respiration rate between
simulations of warming events in the lab were aredywith repeated measures ANOVA
for the -5 °C measuring periods only. During wamgnaimulations, respiration rates were
compared between treatments using one-way ANOVAfef@inces in litter mass-loss
between simulations of warming events from the flatmyy experiment were analyzed

with one-way ANOVA. Homogeneity of variance wastéeswith Levene’s test and log

11
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Results
Extreme winter warming eventsin thefield

Soil surface temperatures increased during all evimtarming events (Fig. 1).
Following the warming simulations, soil surface paratures fell to below these of the
control plots and showed greater temperature faiminos due to the absence of an
insulating snow layer. However, this did not ocafter the winter warming simulation of
January 2008 as the end of the simulation coincwdiéid a snowstorm burying the plots
under new snow. Control plots remained between ®-&8n°C during winter until the
onset of spring.

Litter mass loss ofB. pubescens ssp. czerepanovii, and V. vitis-idaea was
unaffected by any of the winter warming eventsha field (Fig. 2a,c). In contrast.
myrtillus had reduced mass loss (one-way ANOVA A= 5.0, P < 0.05) in all types of
warming simulation plots in the spring followinget?™® winter of warming events
(2009), by on average 24% compared to the confFots 2b). Mass loss rates after the
first winter were (from high to low)V. myrtillus (23.3 +0.7%) >B. pubescens ssp.
czerepanovii (19.0 +0.8%) >V. vitis-idaea (16.7 +0.4%) This pattern was consistent
throughout the 20 months of litterbag incubatioigy(2).

Betula pubescens (62.4 + 2.2) had the highest C/N ratig (F= 21.9, P < 0.0001)
followed by, V. vitis-idaea (53.6 £ 0.8) and/. myrtillus (49.9 + 0.7). The C/N ratio of.

vitis-idaea andV. myrtillus did not differ significantly (P = 0.13 Tukey HSD).

13
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Litter decomposition and soil respiration during lab simulated warming events

Litter mass loss during the first 30 days at 5°G Wa.6 + 0.4% and did not differ
significantly from mass loss at 184 days (Fig. 8jak was 20.0 £ 0.8, 20.6 + 1.4, 20.1 +
0.8 and 19.7 £+ 0.9% forthe 2 x 4 d, 1 x 8 d, 4ckanhd 1 x 16 d winter warming event
simulations respectively. Litter mass lossBofpubescens ssp.czerapanovii was similar
for all types of winter warming event and appeangdffected by duration or number of
events (E2s= 0.15, P = 0.93).

Addition of fresh litter to soil cores did not aftetotal respiration rates in any of
the winter warming simulations compared to the soiles without litter (Fig. 4). Soil
respiration during the laboratory experiment dispend strongly to temperature
fluctuations with about 7 fold increase (P < 0.@&k&y HSD) in respiration rate when the
soil columns were placed at 5°C. Soil respiratiates declined overall during the
experiment but this decline did not differ betwesy of the winter warming simulation
events (date: ir319 = 4.4, P < 0.00001, date x treatment; 4o = 0.95, P = 0.49,

treatment: F29= 0.94, P = 0.34).
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Discussion
Fresh litter decomposition during autumn, winter, and spring

The results from both our lab and field decompositstudies support the earlier
findings of winter time litter decomposition expeants in that about 20% of fresh litter
mass loss occurs in the cold season between faterand spring in high-latitude
ecosystems (Bleak 1970; Abouguendia et al. 1979%r#Md 983, 1984; Hobbie et al.
1996). Indeed, our lab study showed strikingly Emamounts of mass loss as occurred
in the field suggesting it was a good simulation dar decomposition study purposes.
Further, our lab study also suggests that the iityjor 90%) of that mass loss occurs
during the first weeks after litter fall and thadry little (~2%) mass loss actually occurs
during winter itself when temperatures are belo@ QFig. 3). These results suggest that
the past observations of high winter litter mass|¢e.g., Hobbie et al. 1996) were not a
result of active winter decomposition but insteddooganic compounds leaching out
prior to this in autumn. Active microbial breakdovai the fresh litter could have
occurred before snow fall but no additional £&¥flux was detected during the first 4
weeks of the lab study. Microbial respiration oé tihesh litter during this period should
theoretically have doubled measured soil respimatadies from soil columns with fresh
litter in comparison to those without. Thereforteseems likely that autumn litter mass
loss is mostly a result of organic compounds laaghbut of the litter.

In the laboratory study, 61% of the observed “wihteass loss occurred over the
first two days of incubation in water: this furtheapports the hypothesis that autumn
litter leaching is a major factor in “cold seasditter mass loss. This is comparable with

findings from other litter leaching studies showimgss losses from 8 to 32% after 24

15
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hours of leaching (Ktera 1959; Nykvist 1961; Gessner et al. 1989; Tagtoal. 1996;
Cleveland et al. 2004; Sasaki et al. 2007). A ®rtB0% of the measured ‘winter’ litter
mass loss occurred during the 3-4 weeks of incabatt 5°C in the lab. Therefore, in the
field even when assuming that litter on soil is wetted as in the laboratory experiment,
a considerable mass loss through leaching codldstur between the ‘autumn’ period
after litter fall and before start of snow covereWherefore propose that true ‘winter’
decomposition of fresh litter is almost non-exist@md observations of cold season litter
mass loss are probably primarily driven by subghntass loss in autumn.

The lack of response of fresh litter decompositmwinter warming events in the
field experiment can be explained from the finditigst probably no breakdown actually
occurs during winter. In facly. myrtillus litter mass loss was actually reduced in the
winter warming plots (May 2009 analysis), contreayour hypothesis. The reduced mass
loss could be a result of colder soil temperatyjchge to lack of snow insulation)
following the warming events negatively impactirgl ®rganisms (Sulkava et al. 2003)
resulting in reduced litter decomposition rateg, this would then have to be a lasting
effect into the following summer and autumn as coi@ mass loss occurs during winter.
Another or additional possible cause could lierioréasedEmpetrum hermaphroditum
litter input resulting from damage to this spe@ssobserved in the winter warmed plots
(reported in Bokhorst et al. (2009)). Litter frorhid species contains considerable
amounts of phenolic compounds (Wallstegtital. 2000) with allelopathic properties
inhibiting ecosystem processes such as nutrieringyand decomposition (Wardgt al.
1998). That none of the other litter types weree@t#d may perhaps be a result of

differences in litter chemistry and structuké. myrtillus has fragile leaf litter and the

16
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lowest C/N ratio making it the most easily degrddalitter type and perhaps more
susceptible to changes than tougher litter type3. plibescens ssp. czerepanovii andV.
vitis-idaea.

Litter breakdown rates followed general patterneeiation to leaf chemistry with
higher mass loss from litter with lower C/N rati@serts 2006), though leaching or loss
of water soluble substances from the leaves coalanbalternative mechanism behind the
observed differences between species in mass tes winter (Taylor et al. 1996;
Gessner et al. 1999).

B. pubescens ssp. czerepanovii litter mass loss from the laboratory and field
experiments were comparable, both + 20%. This ipr®ing as litterbags in the field
experienced spring snow melt (plus an extra melthan winter warmed plots) which
could have leached considerable amounts of orgamgounds while snow melt did not
occur in the lab study. Measurement of water selglbstances from the litter at these
potential crucial moments, in terms of litter mésss, would have provided indications
of the leachability of chemical and structural dittcompounds during these events
(Gessner et al. 1999). The data so far suggestsvéhanay speculate that spring snow
melt may cause little leaching of fresh litter addes not contribute to fresh litter
decomposition. Further studies with a more freq@eamipling rate than in this study, are
required to provide a definitive answer to the akthat spring snow melt plays in litter

decomposition.

Old versus fresh litter

17
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Simulated extreme winter warming events (laboratindy) had an immediate
and strong impact on soil respiration. Fresh littewever, remained mostly unaffected as
seen with no additional mass loss in the field daol or absence of measurable
contribution to CQflux in the lab. This is surprising as fresh littggnerally has the most
easily degradable organic compounds while oldeamioymaterial in the soil (which
would have contributed to the soil respiration $asmmore recalcitrant. These findings
could suggest that this older material might be en@sponsive to an extreme winter
warming event than fresh litter. Soil organismsutatg organic matter decomposition
and different soil functional groups generally ibhdhose different stages of litter, fresh
and old (Berg et al. 1998; Hunter et al. 2003),g&stjng that perhaps either some soil
groups were absent from soil surface to participatefresh litter decomposition
(Heemsbergen et al. 2004) or that these were ritated during the winter warming
event while those lower in the soil stratum werenother reason for not observing
additional responses from the fresh litter could rbeisture limitation (Aerts 2006).
During winter warming simulations in the field sacg litter occasionally appeared dry
and this could have reduced microbial activity.sTtirying could be a normal side effect
of extreme winter warming events thereby not statiofy additional fresh litter mass
loss. However, litter was constantly moist in tlad Istudies during warming event
simulations suggesting that microbial activity aesh litter is limited during winter
warming events irrespective of moisture limitatiéurthermore, we cannot exclude the
possibility that in exposed locations, litter degmsition could be facilitated by
fragmentation by ice crystal blast during high ventHowever, the dense dwarf shrub

canopy in our experimental site (which is typicdl large areas of dwarf shrub

18
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vegetation) combined with few high winds during tharming means this was unlikely
to occur.

Finally, it should also be acknowledged that momrkvwould be needed to
determine the broader applicability of our fieldnsiation findings to other Arctic
ecosystems. For instance, snow depth, slope amttaspl influence the extent of snow
thaw and subsequent warming of the soil, whileeditbf other vegetation types may
respond differently to those litters studied hevith responses being mediated further by
local environmental conditions. None-the-lessadvghrub heathland is a widespread
vegetation type with circumpolar distribution, aweé can at least have confidence that
these finding are therefore applicable to the laageas of the Arctic where this

vegetation occurs.

Conclusion

Our lab study suggests that most cold season massof fresh litter occurs in
autumn before onset of winter and that fresh litkecomposition during the true winter
period with snow cover is almost non-existent. Tregglier findings of large litter mass
loss during the “cold season” may be incorrect @th@ur findings be broadly true for
other Arctic ecosystem), unless autumn was considés be part of this period. We
hypothesized that during a winter warming eventrthierobial activity would increase,
thereby affecting decomposition rates. Winter sesgpiration rates in the lab were
certainly increased but fresh litter decompositi@as not. Both the repeated warming and

freezing in the lab and the simulated winter waggmévents in the field had no effect on
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383 total litter mass loss, indicating that freeze-theyeles caused by winter warming events
384 do not affect fresh litter decomposition.

385
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Figures

Figure 1. Soil surface temperatures during wintdr2008 and 2009. Extreme winter
warming events raised soil temperatures during algnand March (grey areas). Data
points represent mean daily values from 6 plotsetarh treatment, error bars are SE. For
clarity, only every other daily mean is shown. Mr@ming event in January 2008 was
followed by a snow storm thereby covering the epoglots with a fresh layer of snow.
Note that January and March plots are separate plat experienced a warming event in

January or March, not both.

Figure 2. Litter mass loss after winter warming Waions in a sub-Arctic heathland.
Litterbags with aBetula pubescens ssp. czerepanovii, b) Vaccinium myrtillus, and c)V.
vitis-idaea were retrieved after 8, 9, 12 and 20 months infigdd following week-long
winter-warming simulations during the first week eather January or March of 2007/8
and 2008/9. Winter-warming simulations did not efffétter decomposition rates, with
the exception o¥/. myrtillus where mass loss in the control plots was highen thinter-
warming treatment after 20 months (one-way ANOVA #5.0, P < 0.05, last sampling
date only). Winter period is indicated by grey bamsgraphs. Data points represent mean
values from 5-6 plots for each treatment, erroslzae SE. Note that the initial mass loss

from September until May is unlikely to be lineas (suggested by Figure 3).

Figure 3. Betula pubescens ssp. czerepanovii litter mass remaining after 30 days

incubation at 5°C. Data points represent mean ldafe8 samples collected immediately

after incubation in soil water extracts (day 2)idaed by weekly sampling. Data point at
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day 184 is from the litter samples (n=8) collectdter incubation at -5°C and winter-
warming simulation (2 x 4 days data shown only agev warming events had no impact
on litter mass loss). Different letters indicatgngiicant differences (P < 0.05 Tukey
HSD) between mass loss over time, error bars aeeSénbut are generally smaller than

the data-point size.

Figure 4. Winter soil respiration rates with wargnisimulations in the laboratory. Soil
respiration from soil cores with (n=8) and withditter (n=8) kept at -5°C from the"&f
November 2007 till 2% of April 2008. The first three dates were takerilevthe cores
were kept at 5°C. Litter addition did not increastl respiration rates. a) 2 x 4 days
(litter: F1130.35, P = 0.56, date: 523416.6, P < 0.00001, date x litter;4340.53, P =
0.94). b) 1 x 8 days (litter: F140.93, P = 0.35, date: §522412.1, P < 0.00001, date x
litter: F 162240.75, P = 0.74). c) 4 x 4 days (litter; |5 0.40, P = 0.54, date: 7 3039.5, P

< 0.00001, date x litter: £ 3050.83, P = 0.69). d) 1 x 16 days (litter; £0.11, P = 0.75,
date: F1722114.11, P < 0.00001, date x litter:1#»21 0.81, P = 0.68). Each point is the
mean of 8 replicates, error bars are SE. * indisajrificant differences (P < 0.05 Tukey
HSD) in respiration rates between measuring datsisijefore, during and after winter

warming events. Grey bars indicate the warminggoksti
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