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Sweden Peatlands provide multiple ecosystem services, including extensive carbon seques-
tration and storage, yet many peatlands have been degraded or destroyed.
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decomposition in the transition zone (lagg) between Sphagnum bogs and the sur-
rounding forest, with the expectation that decomposition is lowest in the bog and
highest in the forest but with a mix of factors causing intermediate decomposition
rates near the bog edge. Transitional decomposition rates were measured across
six bogs in central Sweden during the summer of 2021, following the Tea Bag
Index. Three 20-m transects, each containing seven pairs of tea bags, were buried
across the margins of each bog, centered at the edge of the Sphagnum moss. Soil
moisture content, pH, and plant composition were also recorded at each burial
site, and temperature loggers placed evenly among four of the bogs. Our results
confirmed our hypothesis regarding edge effects, with soil moisture levels showing
a strong negative interaction with decomposition rate. The interaction between
pH and decomposition rate was significant, but with an unexpected negative rela-
tion, most likely due to low pH in the surrounding forest. Temperature displayed
no significance, and plants indicative of low decomposition rates included
Vaccinium oxycoccos, Drosera rotundifolia, and Sphagnum species. In contrast to
other studies, we did not find an increase in decomposition with increased species
richness among the studied bog ecosystems. In conclusion, there is an edge effect
on decomposition, and maintaining, or restoring, the hydrology of a peatland is
the most important factor for continued carbon storage, with a rough estimation
of an area decomposition rate possible to be estimated based on its vegetation.
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INTRODUCTION

One of the main ecosystems responsible for carbon
sequestration, and storage, is peatlands. These are water-
logged ecosystems with a base layer of accumulated
organic matter, often covered by living Sphagnum
mosses, which host many unique species (Rydin &
Jeglum, 2013). Most of the world’s peatlands reside in
northern and high altitudes, and despite only covering
approximately 3% of Earth’s land area, peatlands are esti-
mated to store 415 + 150 Pg C (Hugelius et al., 2020),
which is about twice the amount of what is stored in all
the world’s forests (Parish et al., 2008). The large carbon
storage capacity of peatlands is connected to decomposi-
tion rates. In peatlands, waterlogged conditions cause the
soils to become anoxic, strongly impeding aerobic decom-
position. Decomposition rates are also reduced by the
low pH in peat (Amesbury et al., 2019), causing many of
the common decomposers to struggle. The latter is espe-
cially true in Sphagnum bogs (a type of ombrotrophic
peatland; Rydin & Jeglum, 2013), where peat mosses
exchange cations for hydrogen ions, which causes further
acidification (Mandal et al., 2018). A low pH inhibits bac-
terial decomposition (Rousk et al., 2010), which decreases
the decomposition rates, and the decomposer community
is shifted toward fungi instead of bacteria
(Blagodatskaya & Anderson, 1998).

Despite the importance of peatlands for the atmospheric
carbon flux, and other ecosystem services such as water
flow mediation (Ballard et al., 2012; Prévost et al., 1999),
many peatlands are either threatened or already destroyed.
Leifeld et al. (2019) estimate that approximately 51.4 million
hectares of peatlands were lost globally between the years
1850 and 2015, resulting in around 80 Pg of carbon dioxide
equivalents being released into the atmosphere. This has
been recognized as a problem, and efforts are being made
to start understanding the underlying mechanisms of car-
bon storage in peatlands and, if possible, restore them
(e.g., Renou-Wilson et al., 2019; Zerbe et al., 2013). The pre-
vious large-scale destruction of peatlands implies that more
knowledge is needed in order to best prioritize efforts
regarding peatland protection and restoration. Because of
limited resources, it is unlikely that conservation measure-
ments will be taken at every individual peat bog (see
Hansson & Dargusch, 2018, for cost estimates).

One factor that might affect the carbon storage capacity
of peatlands is the edge effect. Edge effects cause the environ-
ment at the edge of a habitat to differ from that in the inte-
rior, usually including interactions with the adjacent habitat
(Sher & Primack, 2020). This transitional zone between the
open peatland and the peat bog catchment is defined as lagg.
The lagg transitional zone has often been overlooked in

studies, but some have shown that there are differences in
the microbial community between the adjacent forest, lagg,
and peat bog (Miezcan et al,, 2012). An increased nutrient
input to the peatland may lead to increased decomposition
(Juutinen et al., 2018). This has been tested artificially by
adding nutrients in the study by Juutinen et al. (2018), but a
similar effect could occur along the bog edges where more
nutrient-rich water flows in from the surrounding landscape.
The lagg can also buffer the peatland from the influence of
nutrient-rich inflow (Howie & Meerveld, 2011). The water
level is also of relevance, since the lowest rate of decomposi-
tion occurs under constantly waterlogged conditions or well
above the water level, that is, hollows or hummaocks, respec-
tively (common features of a bog interior) (Belyea, 1996).
Those parts of the bog that are influenced by fluctuating
moisture levels may have higher decomposition rates
(Belyea, 1996). Hence, the latter can be expected to occur
more often along the bog margins (Howie &
Meerveld, 2011). The edge effect could also apply to the sur-
rounding landscape if a Sphagnum bog was to overflow.
Plants without adaptations for anoxic soils will struggle
under the waterlogged conditions created, the soil decom-
poser community will be disrupted, and many chemical pro-
cesses will be affected, such as nitrification and sulfide
production by anaerobic bacteria (Blom & Voesenek, 1996).
Low nutrient levels in bog water also mean that very little of
the horizontal nutrient transfer normally associated with
flooding wetlands takes place (Bayley, 1995), which could
otherwise have benefited the surrounding vegetation. Over
time, extensive flooding can cause the encroachment of bog
vegetation on the surrounding terrestrial ecosystem, with
Sphagnum moss replacing plants succumbing to the water-
logged conditions (Asada et al., 2005), leading to the expan-
sion of the bog. Knowledge of whether there is a significant
edge effect across the forest-bog transition in terms of
decomposition and how steep this effect is could help to pri-
oritize efforts for bog conservation for carbon retention.
Several methods exist for evaluating decomposition rates,
including the Tea Bag Index (TBI) by Keuskamp et al.
(2013), which has been used in this study. Hence, the
decomposition of two different substrates (green and rooibos
tea) was used to estimate overall decomposition rates
(including both the biological and physical loss of organic
matter). For larger scale conservation efforts, easy
vegetation-based proxies for decomposition rates would also
be very useful. For example, vegetation height, species rich-
ness, and aboveground biomass have been shown to be good
proxies for peatland C stocks and could be estimated with
remote sensing (Lopatin et al., 2019).

We hypothesized Sphagnum bogs to experience edge
effects, (1) with lowest decomposition rates in the bog
interior, due to its high soil moisture and low pH, (2) with
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increased decomposition along the transition (lagg)
between bog and surrounding forest, due to a lower
degree of waterlogging and an influx of water not
influenced by the peat, but still (3) with the highest
decomposition rate in the forest furthest away from the
bog. Additionally, we also studied whether plant commu-
nity composition correlated with changes in decomposi-
tion rates.

MATERIALS AND METHODS

Study area

In this study, decomposition rates of six Swedish
Sphagnum bogs were investigated during the summer of

2021 (June-September), in bogs located approximately
10 km north of Falun in central Sweden (Figure 1). All of

Lake Rog

<

LakeVa rpHa n

FIGURE 1 Study site’s location in Sweden (left), and the individual bog (1-6) distributions between Lake Rog and Lake Varpan (top
right), with an example photograph showing bog 1 at the time of the study (lower right). Maps were based on ©Lantmiteriet’s General Map
and Geological Survey of Sweden Wetness Map, and photograph by Emil Nordstrom.
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the studied bogs were dominated by Sphagnum and
Carex species and surrounded by Scots pine (Pinus
sylvestris) forest. The latter without recent clear-cuts or
plantation patches, and with an understory was domi-
nated by Vaccinium spp. or Calluna vulgaris. Our sites
thus represent relatively intact peatland edges (laggs).
The Swedish forestry agency has set the minimum buffer
width along wetlands to 5 m (Andersson et al., 2016).
Therefore, twice that distance from the bog edge was
included in the study.

Experimental setup

To quantify the decomposition rate, the TBI developed by
Keuskamp et al. (2013) was used, with adaptations made
by MacDonald et al. (2018) allowing it to be applied in
Sphagnum bogs. At each site, three transects were
established, with each individual transect having one pair
of tea bags (green tea: Sencha exclusive collection EAN
8714100770542; rooibos tea: Rooibos and hibiscus infu-
sion EAN 8722700188438) placed at the border of the
Sphagnum moss (lagg) and three pairs extending perpen-
dicular to the transition zone in either direction at 2, 5,
and 10 m (Figure 2). Tea bags were placed approximately
8 cm below the soil surface, or below the transition to liv-
ing Sphagnum moss when within the bog, following the
method of MacDonald et al. (2018). The tea bags were
placed at the transition zone between the bog and

—10m

surroundings (Table 1), avoiding a direct southerly or
northerly aspect to limit the effects of varying sun expo-
sure. The synthetic mesh of the bags, with a gap size of
0.25 mm, excludes macrofauna and allows the tea
remaining after a set amount of time to be recovered. The
mass loss of tea bags and the difference between the tea
types can then be used to calculate the decomposition
rate (k) and stabilization factor (S) (for more information,
see http://www.teatimedscience.org). The stabilization
factor represents the rate at which the environment
causes some easily decomposed substances in the tea to
be converted into more slowly decomposing ones,
making decomposition rates level off early at high
S values (Keuskamp et al., 2013). Before placement, tea
bags were marked and weighed using an OHAUS
Traveler scale (OHAUS Europe GmbH, resolution:
0.01 g), after which they remained buried for 89-90 days.
When excavated, tea bags were cleaned of attached soil
and roots, followed by drying at below 70°C for at least
48 h, and then reweighed without the label (but with
the string still remaining). The weights were adjusted
by subtracting the average weight of 10 empty bags of
the respective type, with the label intact for the
before-incubation weights or without the label for the
after-treatment weights. After this, the corrected weights
could be used to calculate S and k values using equations
presented in Keuskamp et al. (2013).

To be able to account for temperature differences,
HOBO pendant data loggers (model MX2201; Onset

10 m

t

Sphagnum moss

Tea bég pairs

Bog Forest

FIGURE 2 Placement of tea bag pairs relative to the bog edge where 0 m indicates the edge between bog and forest.

TABLE 1 Bogs, their location, aspect of transects, and between which dates tea bags were buried.
Bog no. Coordinates® Aspect Placement date Recovery date
1 60.712563° 15.519263° Northwest 15 June 13 September
2 60.681934° 15.636574° East 16 June 13 September
3 60.693432° 15.652276° Southwest 17 June 15 September
4 60.697589° 15.637415° Southeast 18 June 15 September
5 60.695968° 15.623207° Northeast 19 June 17 September
6 60.693844° 15.624265° Northeast 20 June 17 September

*World Geodetic System 1984, north and east.
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Computer Corporation, Bourne, MA) were buried next to
tea bags at positions —10, 0, and 10 m along one of the
transects for bogs 1-4; these loggers then recorded the
temperature every 30 min during the circa 90-day incuba-
tion period. Soil moisture content, pH, and vegetation
coverage were also measured at the site of each tea bag
pair. The moisture measurements were taken with an
HH2 Moisture Meter (Delta-T Devices, Cambridge, UK)
at the placement of tea bags, at all positions every second
week, and when recovering tea bags. The pH was measured
using a Hach multimeter (model HQ40D; Hach, Loveland,
CO) on 5 g of field wet soil, or peat, collected next to each
tea bag pair, to which 10 ml of deionized water was added
and mixed in thoroughly, then allowed to settle for 1h,
following the method of MacDonald et al. (2018). Surveys
of the vegetation cover were conducted between 30 June
and 2 July (2 weeks after burying tea bags), in 0.25-m>
quadrats centered around each pair of placed tea bags. The
cover of vascular plants and Sphagnum moss, but excluding
tree canopy cover, was then evaluated to the nearest 10% of
area coverage.

Statistical methods

For the analysis, the individual values of the three transects
at each bog were averaged. We tested the effect of position
along the transect on S and k and accounted for variation
among the individual bogs using linear mixed-effect (LME)
models with bog as the random factor. Soil moisture and
pH were excluded from the model as they were highly cor-
related with position (Table 2). We separately checked for
correlations between S and k, and soil moisture, pH values,
and position, using linear regression analyses. We calcu-
lated accumulated growing degree-days (GDDs) for the
whole sampling period and tested whether S and k were
influenced by GDD using an ANOVA. GDDs was calcu-
lated by taking the daily maximum and minimum temper-
atures compared with a temperature base of 5°C. An
ANOVA was also used for the analysis of species richness
and decomposition at different positions. We did a

TABLE 2 Correlation matrix of different variables.
Variable Position S k pH  Moisture
Position 1.00
S 0.652 1.00
k 0.531 0.609 1.00
pH —0.682 —0.746 —0.407 1.000
Moisture —0.865 —0.804 —0.596 0.865 1.000

Abbreviations: k, decomposition rate; S, stabilization factor.

nonmetric multidimensional scaling ordination for two
dimensions with the vegetation data (transect means). To
this end, species with <3 occurrences were removed, and
absolute abundance transformed to relative abundance.
After the ordination, we calculated correlations of environ-
mental variables (k, S, position, pH, and soil moisture) with
ordination axes, using a bootstrap approach with n = 999
randomizations. In a second step, we tested for effects of
position on species composition through a perMANOVA,
using the “adonis” function in the R package ‘“vegan”
(Oksanen et al., 2020); the assumptions of multivariate var-
iance homogeneity were tested using the “betadisper” func-
tion (Fs3s = 1.31, p = 0.28). All analyses were made in
RStudio (version 2021.9.0.351; RStudio Team, Boston, MA).

RESULTS

Of 252 placed tea bags, 244 were recovered intact, with the
calculations for the stabilization factor (S) and decomposi-
tions rate (k) based on 122 and 121 values, respectively.
There were some fluctuations in temperature between posi-
tions and locations, with the —10 position in bog 1 having
an average temperature over one degree warmer (at 16.04°C)
than the second warmest location (bog 2 at position —10
with an average of 14.92°C), and almost three degrees
warmer than the coolest location (13.31°C at bog 2, position
0). However, the temperature differences, measured as accu-
mulated GDDs, did not affect S (F; ;o = 0.127, p = 0.729) or
k (Fi10 = 0.02, p = 0.89). Sphagnum spp. and Carex spp.
were the dominant species of all studied bogs, with the
Sphagnum cover coming to an abrupt end at the edge of the
bog. For a complete plant species list, see Appendix S1.

Both S and k were affected by their position relative to
the bog edge (LME: t;s = 544, p <0.001, tz5 = 4.27,
p < 0.001). The overall trend was for S and k to increase,
starting from the interior of the bog onto drier land
(S: R = 0411, F14 = 29.55, p < 0.001; k: R> = 0.263,
Fj 40 = 15.66, p < 0.001; Figure 3a,b) but with some fluctua-
tion in k. Conversely, for soil moisture, S and k values
decreased significantly as the soil became increasingly
waterlogged (S: R* = 0.638, Fi4 = 73.17, p < 0.001; k:
R? = 0.340, Fy 4 = 22.08, p < 0.001), with S showing a
closer relationship than k (Figure 4a,b). Regarding pH,
S displayed a steady decrease as the pH value increased
from 3.51 to 5.88 (Figure 4c: R? = 0.546, Fi40 = 50.24,
p <0.001). The k value did also show a decrease with
increasing pH (R> = 0.144, F, 4 = 7.917, p < 0.008) but
with some considerable fluctuation (Figure 4d). We also
found that species richness decreased toward the forest
(Fs3s = 1322, p = 0.012), as well as k (Fs33 = 13.22,
p = 0.011), but there was no difference in S depending on
species richness (p > 0.1) (Figure 5).
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FIGURE 3 Interaction between where tea bags were placed relative to the edge of the bog, with the —10 position furthest out into the
bog, and their resulting (a) S (stabilization factor) and (b) k (decomposition rate) values. The shaded area represents 95% CI of the line fit.
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with increasingly waterlogged conditions, (c) the decline in S with rising pH values, and (d) the decline in k with rising pH values.

The shaded area represents 95% CI of the line fit.

Plots were primarily arranged along the first ordina-
tion axis according to their position in relation to the bog
margin, with some overlap among sites toward the bog
interior and among sites outside the bog (Figure 6a). All

environmental variables were significantly (bootstrapping
approach with n = 999 randomizations, p = 0.001) corre-
lated with the first ordination axis. Typical bog species
such as Sphagnum spp., Andromeda polifolia, Drosera

85U8017 SUOWILLOD @A 181D 3|cedl[dde 8Ly Aq peusenob afe sejoe O ‘8sN JO S8|nJ oy Akeid178U1UO /8|1 UO (SUORIPUOD-PUR-SLUIBIALIO" A |IM ALRIq 1 U1 UO//:SdNL) SUORIPUOD PUe Swie | 8U18eS *[220z/0T/.2] Uo ARiqiTauluo A8 M ‘AiseAlun pesie Aq #E2y'2sd8/z00T 0T/I0p/wod A8 im Aleiqijeuluo's feuanofese//:sdny wouy pepeojumod ‘6 ‘2202 ‘52680512



ECOSPHERE

| 7 of 11

0.016
0.014
0.012
0.01

—— Average of 0.006
richness 0.004

—— Average of k 0.002

Species richness
O = NDNWPHhooN ©

-10 -5 -2 0 2 5 10
Position (m)

FIGURE 5 Species richness (blue line) and k (decomposition
rate) (red line) in relation to the distance (position in meters) from
the bog edge (lagg).

0.008

rotundifolia, Vaccinium oxycoccus, and Carex species
were associated with positions —10, —5, and —2, whereas
ericaceous dwarf shrubs such as Empetrum nigrum,
Vaccinium vitis-idaea, and Vaccinium myrtillus were asso-
ciated with positions 42, +5, and +10 (Figure 6b).
Accordingly, species composition differed significantly
among positions (perMANOVA: F; 4 = 71.7, p = 0.001).

DISCUSSION

The results show a linear increase in both S and k along
the transition from bog to the surrounding forest. Both
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FIGURE 6 Nonmetric multidimensional scaling (NMDS) plots (a) of each site in relation to soil moisture, pH, S (stabilization factor),

k (decomposition rate), and distance from the bog edge (position), and (b) showing the different species. Due to overlap, blue + indicates the
position of Carex spp., Drosera rotundifolia, and Equisetum spp. Abbreviations are: And.pol, Andromeda polifolia; Cal.vul, Calluna vulgaris;
Dac.mac, Dactylorhiza maculata; Emp.nig, Empetrum nigrum; Eri.spp, Ericaceae; Rho.tom, Rhododendron tomentosum; Rub.cha, Rubus
chamaemorus; Sph.spp, Sphagnum spp.; Vac.myr, Vaccinium myrtillus; Vac.oxy, Vaccinium oxycoccos; Vac.uli; Vaccinium uliginosum;

Vac.vit, Vaccinium vitis-idaea.
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S and k values within the bog and in the surrounding for-
est corresponded to values for temperate peatlands and
forests presented by Keuskamp et al. (2013) but with
intermediate values closest to the bog edge. The pattern
of decomposition across the gradient was roughly
followed by the vegetation, with a few plant species asso-
ciated with both maximum and minimum decomposition
rates.

Regarding the different abiotic factors, soil moisture
had the largest impact on both S and k. For the stabiliza-
tion factor, soil moisture has previously been demon-
strated as the most important factor, with one study
showing a decrease in stabilization rates from 70% to 3%
as the soil moisture rose from 15% to 150% (Larionova
et al., 2017). This, combined with some leaching of recal-
citrant but water-soluble compounds, could explain the
pattern for S. The pattern for decomposition rate (k) is
also realistic, since waterlogging causes the peat to
become anoxic (Amesbury et al., 2019) and reduces
decomposition. This pattern has been previously demon-
strated, showing that rewetted peatlands become carbon
sinks even during relatively dry years, contrary to drained
sites, which were acting as carbon sources during
droughts (Beyer et al., 2021; Reiche et al., 2009;
Schwieger et al, 2021). That intermediate moisture
values produced intermediate decomposition rates could
be connected to the porous and water-absorbent structure
of the Sphagnum moss (Turunen et al., 2019), which
becomes partially water-filled long before the peat
becomes truly waterlogged. This reduces the gas
exchange to the lower soil layers, and in a study by
Molchanov (2015), carbon dioxide output from a bog
increased when the water level dropped from 7 to 21 cm
below the soil surface, which suggests improved oxygen
availability for decomposers. There could also be some
degree of measurement errors; since the soil moisture
could not be measured within tea bags without damaging
them, the ground-up tea in their bags might turn anoxic
slightly earlier than the more porous Sphagnum moss
(Turunen et al., 2019).

A lower pH is generally believed to reduce decomposi-
tion rates (Amesbury et al., 2019; Rousk et al., 2010), not
increase them as we found in this study. The reason for the
perceived effect of pH on decomposition is, however, proba-
bly due to the overshadowing effect of the soil moisture,
with the higher pH found in wetter portions due to the
strongly acidic nature of the surrounding pine forest (Baath
et al., 1980). The unexpected trend between decomposition
and pH could also be further mediated by mechanisms
behind low pH values. Hence, in Sphagnum bogs, the pH is
reduced due to the uptake of nutrients, while in a conifer-
ous forest, acidification is caused by the leaching of acids
from decomposing vegetation (Lundstrom et al., 2000).

Some of these acids can then be further metabolized by soil
microbes (Lundstrom et al., 2000), providing nutrients to
the forest decomposer community. A study by Baéth et al.
(1980) also found that liming of a Scots pine forest, despite
raising the pH considerably, had little effect on decomposi-
tion rates, indicating that the decomposer community is
well suited to functioning in acidic soils. Any future studies
might want to take this latest consideration into account by
measuring soil nitrogen and phosphorus levels to estimate
how much nutrients are available to sustain the decom-
poser community.

That temperature did not appear to affect decomposi-
tion rates also contradicts earlier studies. Lafleur et al.
(2005) considered temperature more important than
water level, and suggested that the generally cooler tem-
peratures found in bogs, compared with the surrounding
landscape, was one reason for low decomposition rates.
On the contrary, in this study, the highest temperatures
were found in bogs, while the decomposition was higher
in the surrounding forest. The cause behind warm bogs is
likely due to decreased canopy cover from trees, while
the greater soil moisture might have buffered against
heat loss toward the end of summer (McLaughlin &
Cohen, 2013). Overall, the temperature effect, similar to
pH, was likely overshadowed by the soil moisture effect
on decomposition in this study.

As for using vegetation as decomposition indicators,
two groups of plants correlated relatively well with
decomposition rates. Those with a positive relationship to
decomposition, V. vitis-idaea, E. nigrum, and V. myrtillus,
are all dwarf shrubs with a preference for drier soils
(Mossberg et al., 2003), especially V. vitis-idaea. These
species most likely mirrored the gradient in soil moisture,
although the strong correlation between decomposition
and E. nigrum was unexpected considering the plant’s
allelopathic properties might have affected the
decomposer community negatively (Plathe, 2021). Plants
with a negative correlation to decomposition, the
Sphagnum mosses, Vaccinium oxycoccos, Carex species,
D. rotundifolia, Rubus chamaemorus, and A. polifolia,
were all plants associated with the bog itself, with the
Sphagnum mosses responsible for some of the factors
causing the bog to have a low decomposition rate in the
first place (Mandal et al., 2018), and the other plants
connected to low decomposition rates either associated
with Sphagnum bogs or at least growing on waterlogged
soils (Mossberg et al., 2003). Previous studies in terrestrial
habitats have shown that a higher plant diversity leads to
an increased decomposition (Ebeling et al., 2014; Tresch
et al., 2019). We did, however, find contrasting results
when testing the relationships between plant richness
and decomposition in our bog systems, suggesting that
the hydrological factor is the dominant one in peatlands.
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The ability to use vegetation as a proxy for decompo-
sition has implications for future conservation work, as
species composition can highlight areas especially impor-
tant from a carbon storage perspective. The strong corre-
lation between Sphagnum moss and low decomposition
rates means that the distribution of peat-forming
Sphagnum species provides a clear and relatively
easy-to-identify delineation for some peatlands, some-
thing that is lacking in the current guidelines from the
study area (Swedish forestry agency guidelines;
Andersson et al., 2016), thereby highlighting areas that
are unsuitable for forestry and traffic by heavy machin-
ery. If damage to a Sphagnum bog is unavoidable, preser-
vation of areas with, for example, V. oxycoccos and
A. polifolia should be prioritized over those with
Rhododendron tomentosum or V. uliginosum. The effects
of the Sphagnum moss itself on decomposition could also
merit further studies to see at which size a patch of
Sphagnum is starting to affect decomposition rates. This
study since all the bogs studied here, despite differing in
size, produced a rather coherent pattern, and earlier stud-
ies showed that Sphagnum litter inhibits decomposition
even in small quantities (H4jek et al., 2011; Verhoeven &
Toth, 1995).

For restoration purposes, rewetting and reestablishment
of Sphagnum appear to be most important. Couwenberg
et al. (2011) suggest raising the water level close to the soil
surface and that the flora should consist of low-growing
species, in order to optimize carbon sequestration.
Combining rewetting with the introduction of Sphagnum
moss, both for its decomposition reduction properties
(Verhoeven & Toth, 1995) and its water retention abil-
ity (Turunen et al., 2019), could improve the results of
the restoration. However, we have been working in rel-
atively undisturbed laggs, whereas bog degradation
through drainage may affect both hydrology and peat
chemistry (Kriiger et al., 2015; Szajdak et al., 2020).
Therefore, more process-based studies in intact and
degraded systems are needed to evaluate how generaliz-
able these findings are.

To conclude, soil moisture appears to be the most
important factor determining decomposition rates at the
edge of Sphagnum bogs and overshadows the expected
effects of pH and temperature. This means that despite
the relatively low number of studied bogs, the strength of
the effect posed by soil moisture on the decomposition
pattern will likely remain when looking at similar sites.
The presence of Sphagnum moss itself also indicates low
decomposition rates, especially when accompanied by
V. oxycoccos, Carex species, and D. rotundifolia. All of this
suggests that even small bogs can have low decomposi-
tion rates as long as one maintains, or restores, a high
ground water level. This is then preferably combined

with having a natural Sphagnum bog flora, to both
improve carbon sequestration further and provide other
ecosystem services associated with Sphagnum bogs.
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