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_______________________________________________________________________________________ 

 

SUMMARY 

 

Alpine peatlands play a crucial role in mountain watershed functions and services while supporting high 

biodiversity. Their reliance on cool and humid conditions makes them particularly vulnerable to climate 

change, including rising temperatures and decreasing precipitation, as well as human disturbance. Moreover, 

their carbon storage potential must be integrated into global climate models. However, alpine peatlands remain 

largely unrecorded, and their typically thin or absent peat layers leave their role as carbon reservoirs unclear. 

This study investigated carbon stocks in Platzertal, an alpine valley at 2,300 metres above sea level in the 

Ötztal Alps, Tyrol, Austria. The area features numerous small-sedge swamps spanning 7.11 hectares. The 

study site was divided into 143 sub-sites with an average area of 497 m². Peat volume, bulk density, dry weight 

and total organic carbon were analysed in 40 samples from these sub-sites. To achieve a comprehensive 

understanding of peat layer depth across the area, 666 plots were established to classify soil types and measure 

peat layers. The average peat layer depth was 11 cm, ranging from 5 to 100 cm. The carbon stock of the study 

area was calculated using the carbon density approach. The total area (7.11 hectares) of small-sedge swamp 

has a peat volume of 6,223 m³ and stores approximately 282 tons of carbon, equivalent to 1,036 tons of CO₂ 

in total or approximately 146 tons of CO₂ per hectare. These figures are significantly lower than those reported 

for other peatland regions, particularly the extensive boreal peatlands of the Northern Hemisphere. Our 

findings highlight that, whilst alpine peatlands have significant ecological importance and offer various 

ecosystem services, their contribution as soil carbon reservoirs is comparatively minor. 
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INTRODUCTION 

 

Peat is a soft sediment with a high content of fibrous 

material which has accumulated under conditions of 

waterlogging, nutrient and oxygen deficiency and 

high acidity (IPS 2021). Its organic matter content is 

at least 65 % (Salimin et al. 2010). Peatland 

ecosystems are characterised by a partially 

decomposed peat layer more than 30 cm thick. The 

formation of peat and the atmospheric carbon sink 

function of peatlands are the result of excess plant 

production compared to respiratory losses through 

decomposition (Moore & Knowles 1989, Diessel 

1992). With their unique vegetation composition, 

natural peatlands are valuable habitats in terms of 

biodiversity, are nutrient sinks, and play an important 

role in water cycling and carbon sequestration. 

Because of their unique functions and requirements 

for cool and moist conditions, they are highly 

sensitive to human disturbance and climatic changes 

(Tarnocai & Stolbovoy 2006, Minayeva & Sirin 2012, 

Leng et al. 2019, Antala et al. 2022). Throughout the 

Holocene, which started approximately 10,000 years 

ago, peatlands have been accumulating large 

amounts of organic carbon (Roulet et al. 2007, Yu 

2012) and have been playing an important role in the 

global carbon cycle (Yu 2012). Although they 

account for less than 3 % of the global terrestrial area 

(approximately 3.4 × 106 km2, based on data from the 

Global Peatland Database/Greifswald Mire Centre, 

accessed in July 2024), northern peatlands in the 

boreal and subarctic regions store one-third of the 

global soil carbon (455 Pg C) (Gorham 1991). This 

makes it essential to include them in the modelling 

and analysis of global C cycling to mitigate changes 

in other carbon reservoirs (Brovkin et al. 2002, 

Kleinen et al. 2010, Menviel & Joos 2012). Due to 

their role in carbon sequestration and net cooling 

effects on the global radiation balance, peatlands are 

essential in maintaining the global climate (Dise 
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2009). Large-scale peatland degradation by drainage 

for agriculture, forestry or peat extraction can result 

in considerable emissions of carbon dioxide (CO2) 

and other greenhouse gases such as nitrous oxide 

(N2O) and methane (CH4) (Whiting & Chanton 1992, 

Reeburgh et al. 1998, Kløve et al. 2010, Hatala et al. 

2012, Ojanen et al. 2013, Laine et al. 2019, Mozafari 

et al. 2023). Therefore, although peatlands are 

generally recognised as a net sink for CO2, depending 

on the water regime, they are also a major source of 

methane (CH4), with estimated annual emissions of 

177–284 Tg CH4, making them the most significant 

non-anthropogenic CH4 source (Vroom et al. 2022). 

Especially in alpine regions, with a highly patchy 

landscape pattern and considerable variations in 

length of growing season, vegetation cover, water 

regime and climatic properties, the carbon fluxes 

show high variability (Bowman & Fisk 2001). 

Although the largest peatland areas are found in 

boreal regions, peatlands are also numerous across 

tropical, temperate and boreal mountain areas 

because of the higher annual precipitation, cooler 

temperatures and higher levels of available water 

compared to the conditions in the surrounding 

lowlands (Cooper et al. 2012). Alpine peatlands 

occur in alpine, sub-alpine and mountainous regions 

across several continents but are particularly 

prominent in the European Alps, on the Tibetan 

Plateau and in the Andes, with smaller peatland areas 

in high-elevation areas in Russia (especially Siberia), 

North America and Oceania (Assiri et al. 2022). 

Their distribution is largely influenced by elevation, 

climate and the presence of glacially carved 

landscapes that support peat formation (Wunderlich 

et al. 2023). However, in alpine locations, the classic 

soil science-based definition of peatlands falls short. 

At higher elevations, typical swamp communities of 

the class “small-sedge swamps and moors” 

(Scheuchzerio-Caricetea fuscae) can be formed. 

According to other authors (Mucina et al. 1993), 

these communities are widespread throughout the 

Northern Hemisphere and often form moderately to 

weakly productive stands in raised and quaking bogs. 

Such areas are characterised by a thin or even absent 

peat layer (Wittmann et al. 2007), mainly because of 

the considerable disturbance regime, the oxygen-rich 

soil water and low plant productivity resulting from 

the low temperatures and a short vegetation period 

(Koch 2007, Liebner et al. 2011). Although a 

minimum peat depth of 30 cm is used for the 

assessment of global inventories of peatlands, there 

is no minimum peat depth for a site to be classified 

as a peatland (Joosten & Clarke 2002, Craft 2016). 

This is particularly the case for alpine peatlands, 

where the peat layer may be relatively thin because 

of rocks deposited by rockslides or avalanche events 

(Woodhurst & De Scally 2017). Alpine mires (bogs 

and fens) differ substantially from sub-(arctic) 

wetlands in terms of light regime, the lack of 

permafrost and the presence of an insulating snow 

cover (Franchini et al. 2014) during the cold season, 

but they have similar life zones and plant 

communities (Körner 1999). Alpine mires provide 

valuable catchment functions and services such as 

runoff regulation (Buytaert et al. 2006, Spieles 2022), 

the provision of habitat for rare and endangered 

species (Hauer et al. 2007), riparian area stabilisation 

(Grab & Deschamps 2004) and the regulation of 

greenhouse gas emissions. To provide these services 

(Millar et al. 2023, Balode et al. 2024), specific 

hydrological conditions are required, with a long-

term water balance that promotes near-surface soil 

saturation during part or all of the growing season 

(Mitsch & Gosselink 2000). 

In the context of the current debate on climate 

change, studies on the carbon balance and stocks of 

terrestrial ecosystems are important because any 

changes in the global climate are expected to 

facilitate positive feedback mechanisms (Schlesinger 

& Andrews 2000). Alpine environments, which are 

adapted to cold temperatures, are expected to respond 

highly sensitively to global temperature increases. In 

this sense, the protection and restoration of peatlands 

play an important role in climate change mitigation 

(Parish et al. 2008). The role of alpine mires in the 

global carbon cycle is largely unclear. In contrast to 

northern wetlands, alpine habitats have been little 

studied regarding their carbon stocks and fluxes.  

To precisely determine the soil organic carbon 

stocks of peat soils, also with regard to potential 

mitigation measures, the accurate assessment of bulk 

density (BD) is crucial (Dettmann et al. 2022). 

Commonly, BD is determined by measuring the 

oven-dry weight of a volume-based sample. Given 

the specific properties of peat soils, which are 

characterised by a loose, spongy structure and, in 

some cases, even consist of a living root mat (van 

Asselen et al. 2018), volume-based sampling is 

complicated. According to the international standard 

DIN EN ISO (2001), the sampling method of choice 

uses steel cylinders (sampling rings) to obtain an 

intact peat soil column with a defined volume. An 

advantage of this method is that the height of the 

cylinder does not exceed the diameter, thereby 

minimising the effect of disturbed soil interfacing the 

cylinder wall (Blake & Hartge 2018).  

The European Alps contain numerous small 

peatland areas, which are largely threatened by rising 

temperatures and decreasing precipitation levels 

(Pullens et al. 2016). In Austria, more than 90 % of 
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the original peatland area has been degraded by 

drainage to generate land for agriculture and forestry, 

and the remaining peatlands are often located at 

higher elevations. However, these alpine peatlands 

are largely unrecorded. Currently, there are more 

than 1,300 peatlands in the country, individually 

covering areas mostly below 1 ha and rarely 

exceeding 10 ha, and mainly located on slopes (Krisai 

1998). Although this largely precludes a precise area 

calculation, other authors report a total peatland area 

of 24,000 ha for Austria (Paternoster et al. 2021).  

Platzertal, an alpine valley at 2,300 m above sea 

level, is located in the Ötztal Alps, Tyrol (Austria) 

and characterised by numerous small-scale swamps 

which formed approximately 10,000 years ago at the 

end of the last glacial period. Related to the planned 

expansion of the Kaunertal hydropower plant, which 

would affect approximately 7 ha of this alpine 

peatland area by removal of the H horizon (the layer 

rich in partially decomposed organic material that is 

typical for peatlands) and subsequent impounding, 

we determined the carbon storage of this alpine mire 

complex. Our investigations are based on 

measurements of the carbon stock of small-sedge 

swamp soils and the thickness of the peat horizons. 

Using soil maps of all affected small-sedge swamp 

areas in Platzertal, we assessed the importance of the 

region as a carbon reservoir. It should be highlighted 

that, despite the potential role of alpine fens as CH4 

and CO2 sources, for simplicity, we focused on the 

carbon density of the soils in our study site and on the 

soil C stocks, which we determined using the carbon 

density approach (Yu 2012). 

Alpine mires, with their specific characteristics, 

are under-represented in the literature, especially 

regarding their carbon sequestration ability. The 

overall aim of this study is to determine their role as 

carbon reservoirs, and we address the following 

research question: what is the amount of stored 

carbon in the alpine mire area in Platzertal? 

 

 

METHODS 

 

Study area 

The study site is a 7.11-ha alpine fen area in the 

Ötztal Alps. The high valley, at an elevation of 

2,300 m above sea level (Figure 1), is traversed by a 

main stream with several side arms. It is situated 

above the tree line and has near-natural vegetation 

consisting of a mosaic of grassland patches and dwarf 

shrubs. The climate is cold temperate (Köppen 

classification Dfb), with mean annual temperature -

1.8 ºC and mean annual precipitation 1,248 mm 

(https://chelsa-climate.org/climate-diagrams/. The 

area is characterised by typical plant communities for 

nutrient-poor fens and swamps belonging to the class 

“small-sedge swamps and fens” (Scheuchzerio-

Caricetea fuscae). The dominant plant species are 

Carex nigra, C. paupercula, C. echinata, 

Eriophorum scheuchzeri and E. angustifolium, along 

with Juncus filiformis, Trichophorum cespitosum and 

Epilobium nutans. In terms of peat-forming plants, 

species of the peatmoss genus Sphagnum such as 

S. compactum, S. quinquefarium, S. rubellum and 

S. subnitens are present, along with various Carex 

species. There are no drainage ditches or fertilisation 

regimes in place. However, the area is subject to non-

intensive cattle grazing for about two months during 

the summer. In this study, all areas recorded as 

“swamps” in the various data sets obtained via 

vegetation or habitat mapping are referred to as 

“swamp areas”. The most important habitat types 

summarised under this term are raised, transitional 

and quaking bogs, fens, bog forests, large- and small-

sedge fens and reed beds. 

 

Mapping and soil sampling 

The entire terrain was mapped in June 2022 and 2023 

in terms of peat layer depth and vegetation. For the 

entire Platzertal study area, the thickness of the peat 

layer, encompassing the different soil types, was 

determined (Egger & Kucher 2023). Since the small-

sedge swamp communities of the fens in Platzertal 

are discrete (not connected) areas that differ in terms 

of their plant communities and peat layer depths, they 

were partitioned into a total of 143 sub-sites, each 

with a unique identification number (area ID). Sub-

site sizes ranged from 16 to 2,589 m2, with an average 

of 497 m2. For each sub-site, we determined the soil 

type by visual inspection and the finger test, which is 

a simple and practical method to assess soil texture 

based on feel and appearance (Thien 1979). On this 

basis, we characterised the soil types encountered as 

peat (high content of largely undecomposed fibrous 

organic matter), peat-moor (mixture of peat and moor 

soil which contains both undecomposed and 

decomposed organic matter and is found mainly in 

the transition area between peatlands and other 

ecosystems) or moor-silt (with a significant presence 

of silt particles along with organic matter). 

In addition, we established 666 plots across the 

study area for measurement of peat layer depth. For 

all medium- to large-sized sub-sites, we obtained one 

or two (from the centre and the edge) depth 

measurements using a Pürckhauer soil auger. This 

way, all larger sites were sampled several times and 

the entire study area was represented. Across all sub-

sites, we randomly took 40 (942.48 cm3) soil samples 

for  measurement  of  BD,  pH,  dry  weight  and  soil

https://chelsa-climate.org/climate-diagrams/
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Figure 1. Overview of the study area Platzertal in Tyrol, Austria (Sections I to IV). Areas in yellow represent 

the small-sedge swamps. The red border outlines the planned reservoir (sources: basemap.at, TIWAG). 

 

 

organic carbon (SOC) from the 5–10-cm subsoil 

layer using a steel cylinder. Soil samples were taken 

in June 2023 (for SOC determination) and October 

2024 (for the determination of soil moisture, BD and 

pH). The same sub-sites were sampled in both years. 

For sampling, we gently removed the top 5-cm layer 

and dug out a small hole to a depth of 10 cm to expose 

the soil. We then pressed the sharp edge of the 

cylinder vertically into the soil to a depth of 10 cm 

perpendicular to the ground and carefully removed it 

to extract the intact soil core. At three sites, we 

collected additional soil cores from the 20–30-cm, 

40–50-cm and 70–80-cm layers, depending on the 

thickness of the peat layer. For this, we dug a hole to 

the required depth and removed the intact soil core 

with the cylinder, as described above. The collected 

soil cores were placed in plastic bags, transported to 

the laboratory and stored at 4 °C until analysis. 

Figure 2 shows the distribution of the 143 sub-sites 

and sampling plots across the study area. 

 

Calculation of peat volumes for the 143 sub-sites 

Using the 666 depth measurements and inverse 

distance weighted interpolation (IDW) with a 

distance coefficient P of 4 and a pixel size of 0.1 m 

(QGIS), we determined the peat layer depths across 

the entire study area (Figure 3, left side). Based on 

the obtained grid data (resolution 0.1 m) and the areas 
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Figure 2. Distribution of sub-sites (n = 143; yellow outlines), peat depth measurement plots (n = 666; pink 

dots) and soil sampling plots (C1 to C40; green dots) across the study area (Sections I to IV, see Figure 1). 
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Figure 3. Interpolated peat depths (left) and calculated peat volume values for Section II sub-sites (C1–C23). 

 

 

of the 143 sub-sites, we determined the peat volume 

(m3) (Figure 3; right side) using the QGIS Volume 

Calculation tool. 

 

Determination of soil properties 

Prior to analysis, each sample was manually 

homogenised in the plastic bag. Soil pH was 

determined in a 1:5 soil : water slurry using a pH 

electrode (PeakTech 5310 A). Soil moisture was 

determined gravimetrically by oven-drying 50–100 g 

of soil at 105 °C for 24 h. The dry weight was 

calculated based on soil moisture loss, and dry BD  

(g cm-3) was determined as (dry weight (g) ÷ field 

volume (cm3)). For the sampled sub-sites, the BD 

values calculated from the soil samples were used. If 

more than one soil sample was taken within a sub-

site, the average was calculated. In the sub-sites for 

which no soil samples were taken, the average BD 

values for their soil types were used. The average 

value for the moor-silt soils was calculated from the 

21 samples characterised as moor-silt; the average 

value for the peat-moor soils was calculated from the 

nine samples characterised as peat-moor; and the 

average value for the peat soils was calculated from 

the ten samples characterised as peat.  

For all 40 soil samples, the SOC concentration 

was determined chromatographically according to 

the standard ÖNORM L 1080 (1987) at the Institut 

für Lebensmitteluntersuchung, Veterinärmedizin und 

Umwelt des Landes Kärnten. When more than one 

soil sample was taken within one sub-site, the 

average was determined. For the sub-sites that were 

not sampled, the SOC values based on the respective 

soil type were used (Figure 4). The average SOC 

values for moor-silt, peat-moor and peat soils were 

calculated using the values of the respective 21, 9 and 

10 samples. 

 

Calculation of C and CO2 stocks for the small-

sedge swamp soils 

The C stock of the small-sedge swamp soils (i…sub-

site (n = 143)) was calculated from the soil volume 

Vi (cm3), BDi (g cm-3) and SOCi (%), using the 

following equation (adapted from Yu 2012): 

 

𝐶 = ∑ (𝑉𝑖 × 𝐵𝐷𝑖 × 𝑆𝑂𝐶𝑖)𝑖     [1] 

 

Based on the BD values calculated for the different 

depths, we observed no significant increase in BD 

with depth. 
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Figure 4. Distribution of the sub-sites (n = 143) depending on the soil type (left) and distribution of the soil 

sampling plots (C1–C23) in relation to the SOC (soil organic carbon, %) content (right), for Section II. 

 

 

Carbon fluxes are strongly dependent on 

seasonality. As seasonal changes were not accounted 

for in this study, due to the climatic characteristics of 

the study area, we only calculated the theoretical CO2 

stock, which was obtained by converting the C into 

CO2 (based on the molecular weights of C and O, 

where 1 kg of C is equivalent to 3.667 kg of CO2). 

 

 

RESULTS 

 

Soil pH, bulk density, peat layer depth, and peat 

volume 

Across all sites, soil pH ranged from 4.65 to 6.29, 

with an average of 5.74. This indicates that the 

presence of carbonates can be excluded, and total C 

is equivalent to organic C. Overall, the BD values 

ranged from 0.06 to 0.39 g cm-3, with an average of 

0.20 g cm-3. There were no significant changes in BD 

with depth. The measured depth of the peat layer (666 

plots) ranged from 0.005 to slightly above 1.0 m, with 

an average of 0.11 m (Figure 5). For 585 

measurement plots (87.84 %), the depth was below 

or equal to 0.3 m. Depths above 0.3 m were measured 

at 81 plots (12.16 %). 

Regarding the different soil types, for peat, the BD 

values ranged from 0.2 to 0.58 g cm-3, with an 

average of 0.34 g cm-3. In the peat-moor sites, the 

range of BD was from 0.06 to 0.74 g cm-3, with an 

average of 0.3 g cm-3. The moor-silt sites showed a 

BD range of 0.08 to 0.58 g cm-3, with an average of 

0.21 g cm-3 (Figure 6). 

Figure 7 shows the interpolated peat depths of all 

small-sedge swamp areas across the study site. 

The small-sedge swamps in Platzertal cover an 

area of 7.11 ha, with a total peat volume of 6,223 m3 

(0.4–203.6 m3, as calculated based on the peat depth 

values of the 143 sub-sites). This results in an average 

moor or peat layer of 0.087 m. Figure 8 shows the 

peat volume levels for all 143 sub-sites. 

 

Carbon stock 

The peat sites had SOC levels from 4.67 % to 43.77 % 

of dry soil weight, with an average of 19.84 %. For 

the peat-moor sites, we determined SOC levels from 

4.67 % to 43.77 % of dry soil weight, with an average 
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Figure 5. Peat layer depth values for the 666 sampling plots. 

 

 

 
 

Figure 6. Box and whisker plot showing the variation 

in bulk density (g cm-3). 

 

 

of 20.86 %. For the moor-silt sites, the SOC levels 

ranged from 5.51 % to 43.77 % of dry soil weight, 

with an average of 20.29 % (Figure 9). Accordingly, 

the 7.11-ha small-sedge swamp, with a peat volume 

of 6,223 m3, stores approximately 282.49 tons of 

carbon. Using the calculation from Yu (2012), the 

stored CO2
 amounts to 1,036 tons, with approximately 

146 tons (Mg) per hectare (Table 1, Figure 10). 

Across all sampling sites, the BD and SOC were 

weakly negatively correlated, with an r2 value of 0.08 

(Figure 11), suggesting that only approximately 8 % 

of the variance in the SOC can be explained by the 

BD. 

DISCUSSION 
 

Whilst there is a large body of literature on the carbon 

stocks and dynamics of subarctic and tropical 

peatlands, alpine peatlands - such as alpine mires and 

fens - have largely been neglected in this regard. In 

the European Alps, in contrast to the vast boreal 

peatland areas, there are numerous small mires and 

fens, often with different vegetation communities, 

making overall estimations challenging (Pullens et 

al. 2016). 

More than half of the global wetlands are 

composed of peatlands (Osman 2018), and to 

determine the actual carbon sequestration potential of 

peat areas (bogs and fens), the peat layer thickness is 

of crucial importance. As organic soils may be 

present beneath vegetation types unrelated to peat 

formation conditions, the presence of peat cannot be 

reliably inferred from the vegetation cover. This is 

especially the case near the edges of peatlands, where 

the natural relationship between vegetation and the 

underlying peat layer may have been disturbed 

(Ivanovs et al. 2024). In this study, we therefore 

performed 666 depth measurements across all 

sampling plots and used inverse distance weighted 

(IDW) interpolation to determine peat depths across 

the entire study area. The values ranged from 5 to  

100 cm, with most of the plots showing a peat depth 

below    30 cm.    However,    as    mentioned    above, 
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Figure 7. Interpolated peat depth values across the study site (Sections I to IV). 
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Figure 8. Calculated peat volume values across the study site (Sections I to IV). 
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Figure 9. Box and whisker plot showing the variation 

in SOC (soil organic carbon, %) across the different 

soil types. 

Table 1. Overview of the peat area, peat volume, and 

C and CO2 stocks of the study area. The carbon stocks 

of the different sampling sites ranged from ˂ 0.01 t to 

approximately 44 t. The carbon stock distribution is 

shown in Figure 10. 

 

Total area 7.11 ha 

Total peat volume 6,223 m3 

Total C stock 282 t 

C stock per ha 40 t ha-1 

Total CO2 stock 1.036 t 

CO2 stock per ha 146 t ha-1 

 

particularly in alpine peatlands, peat layer thickness 

may be extremely low (Woodhurst & De Scally 

2017). The low peat depth values recorded in our 

study are in stark contrast to those obtained for two 

valley peat bogs in the eastern Austrian Alps, with 

values of up to 800 cm (Drollinger et al. 2020). The 

peat depths ranging from 20 to more than 600 cm 

reported from a study on the carbon stocks of alpine 

peatlands on the Qinghae Tibetan Plateau were also 

considerably higher than our values (Chen et al. 

2014). The authors of a study in the Italian Alps 

reported a peat layer with a depth of up to 400 cm 

(Pullens et al. 2016). Andean alpine peatlands, which 

are common at elevations of 3,000 to 5,000 m 

throughout the South American tropics, have peat 

deposits up to 1,000 cm thick, with an average of 500 

to 600 cm (Hribljan et al. 2024). A mean peat 

thickness of 280 cm has been reported for a mountain 

wetland in Peru (Monge-Salazar et al. 2022), and 

Sass et al. (2010) measured a peat layer thickness 

between 140 cm and more than 600 cm in a study on 

small alpine mires at elevations of 1,300 to 1,500 m 

in Tyrol (Austria). 

High peat layer thickness values have also been 

reported for the vast northern peatlands of the boreal 

and subarctic regions. For example, according to the 

Estonian Soil Classification (ESC), the peat layer 

thickness of peaty soils is 10–30 cm, whereas that of 

shallow peat soils is 30–100 cm (Kõlli et al. 2016). 

The authors of a study on cultivated peat areas in the 

Dutch coastal plains reported a peat layer thickness 

of < 50 to 350 cm (van Asselen et al. 2018), whereas 

values of up to 1,200 cm have been observed in 

Norway (Paniagua et al. 2021). In Finland, peat layer 

thickness values of 10 to 400 cm have been measured 

(Tuittila et al. 2012). Mean peat depths ranging from 

approximately 190 to 260 cm for bogs and from 140 

to 215 cm for fens have been reported from the 

Ontario Hudson Bay Lowlands (O´Reilley 2011). 

The Mackenzie River Basin of northern Canada 

(overlapping with part of continental western 

Canada), the second largest peatland complex in 

North America, has an overall peat layer depth of  

220 cm (Vitt et al. 2005), whereas in West Siberia 

(the largest peatland basin in the world), peat layer 

depth is more than 200 cm (Sheng et al. 2004). This 

supports the assumption that peat accumulation in 

alpine areas is generally considerably slower than in 

boreal peatlands. According to Krisai (1998), for 

peatlands above an elevation of 1,700 m, erosion 

plays a significant role. For most of these areas, peat 

formation is inhibited; the peat layer is no longer 

growing but, rather, stagnating or even in the process 

of degradation, which is more likely to be a result of 

intensive grazing than of climatic changes (Krisai 

1998). In our sites, the low peat layer depths can be 

explained by the lack of peat-forming vegetation, and 

livestock grazing during summer which largely 

prevents peat formation. 

Dry BD is an accurate predictor of carbon density 

in peat soil (Crnobrna et al. 2022), which is in 

agreement with our findings. However, the SOC was 

very weakly negatively correlated with BD, with an 

r2 value of 0.08. This indicates that BD is not a strong 

indicator of SOC in our sites. This might, at least 

partially, be a result of high microbial activity, which 

leads to the rapid turnover of organic matter and, 

consequently, higher SOC levels while not 

considerably altering BD. Whilst a negative 

correlation between BD and SOC has been reported 

for crop soils (e.g., Weil & Magdoff 2004, Mestdagh 

et al. 2006, Sakin 2012), information about this 

relationship in peat soils is scarce. Because of their 

loose structure, peatlands are characterised by low 

BD (Osman 2018). Their BD values are generally 

lower  than  those  of  mineral  soils  due  to  the  lower  
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Figure 10. Carbon stock values (t) across the study site (Sections I to IV). 
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Figure 11. Scatterplot showing the correlation between SOC (soil organic carbon, %) and BD (bulk density, 

g cm-3). 

 

 

specific gravity of their solids and their higher water-

holding capacity, along with the presence of gas 

(Huat et al. 2011). 

Especially when recently formed, peat generally 

has a loose and heterogenous structure and contains 

various plant remains; in some cases, it consists of a 

living root mat with an extremely low BD (van 

Asselen et al. 2018). In the present study, the mean 

BD values at a depth of 5–10 cm ranged from 0.19 g 

cm-3 for moor-silt to 0.28 g cm-3 for peat, lower than 

those reported for an alpine peatland on the Qinghai-

Tibetan Plateau which had mean values from. 0.20 to 

0.49 g cm-3 at core depths of 72 to 444 cm (Chen et 

al. 2014). Drollinger et al. (2020) obtained even 

lower BD values ranging from 0.045 g cm-3 in the top 

layers to 0.104 g cm-3 at a depth of 48 cm. In a study 

on the peat carbon stock of French peatlands, Pinault 

et al. (2023) generally observed lower BD values 

and, consequently, carbon stocks, in mountain 

compared to plain locations. Although alpine 

peatlands generally have lower BD values than their 

boreal counterparts, we highlight that peat soils can 

vary considerably in their physical properties 

depending on the decomposition degree, material 

source, bedding and vegetation cover (Osman 2018). 

Regarding the BD values at different depths, some 

authors have noted that the BD of peat increases with 

depth (Howard et al. 1994, Milne & Brown 1997). 

However, according to more recent studies, this is not 

always the case, and BD shows either no change 

(Tomlinson & Davidson 2000, Lewis et al. 2011, 

Wellock et al. 2011) or a slight increase (Weiss et al. 

2002) with depth. Therefore, the increase in BD with 

depth due to compression, which is often assumed in 

peat carbon stock modelling, may be inaccurate and 

may result in an overestimation of peat carbon stocks. 

The C stocks in peatlands can be estimated using 

the peat volume, carbon density and time history 

approaches, all of which require information on the 

current peatland area (Yu 2012). In this study, we 

used the carbon density approach to determine the 

carbon stock of the alpine fen at Platzertal. This 

approach is one of the common approaches used for 

scaling up the carbon stocks for different biomes 

based on the average or representative carbon density 

value. In peatland soils, this approach is generally 

preferred as it accounts for the unique, often low-

density structure of peat soils, allowing a more 

tailored and accurate carbon stock estimation (Yu 

2012).  

Over the years, various methods for classifying 

peat-forming systems and their soils have been 

developed, each with its own specific focus (Lindsay 

2018). Conflicts in definitions often arise concerning 

the minimum depth of the organic layer at the soil 

surface and the minimum percentage of organic 

SO
C
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carbon (Tanneberger et al. 2017, Xu et al. 2018, IPS 

2021). This inconsistency poses challenges as it 

affects estimates of peatland extent and calculations 

of the volume and carbon content (Joosten 2010, IPS 

2021). Although peat is generally defined as a 

substrate containing at least 65 % organic matter 

(Salimin et al. 2010), the threshold proportions of 

organic carbon, organic matter and ash that soils must 

contain to be considered peat vary between countries 

and disciplines (IPS 2021). This has implications for 

national and continental peatland inventories and, 

consequently, estimations of global peatland extent 

and carbon stocks (Tanneberger et al. 2017, Xu et al. 

2018). In this study, we characterised the soils in the 

field as peat, peat-moor or moor-silt using the finger 

test. Whilst this approach allows rapid estimation of 

soil texture in the field, the results can be affected by 

the soil moisture content and the presence of organic 

matter, and are subject to observer bias. Irrespective 

of the assigned soil type, all soils in our study area 

can be referred to as “peat-like soils” with similar 

properties. This is reflected in the similar SOC 

values, with 19.84 % for peat, 20.86 % for peat-moor 

and 20.29 % for moor-silt samples. However, 

contrary to our expectations, the BD value was 

lowest for the moor-silt soil, with an average of 0.21 

g cm-3, and highest for the peat soil, with a mean 

value of 0.34 g cm-3. This phenomenon can be 

attributed to the inherent complexity of soil 

classification in alpine regions, where a distinct 

categorisation into discrete soil types is often 

impractical. A defining characteristic of alpine 

peatlands is their occurrence within transitional or 

mixed zones, leading to partial mixing of their 

interlayers with silt. In the study area, interstitial silt 

deposits have formed as a result of sedimentation 

from adjacent streams as well as colluvial deposits 

originating from surrounding slopes.  

So far, there is a limited number of studies on the 

carbon stocks of alpine peatlands and their role in 

carbon sequestration. The low peat layer depth of the 

Platzertal fen area, which is largely covered by Carex 

communities, indicates a low carbon stock when 

compared to that of boreal peatlands, irrespective of 

the vegetation cover. Carbon stock estimates for 

wetlands or peatlands are often provided as part of 

global soil or ecosystem carbon stock estimates 

(Schlesinger 1977, Post et al. 1982, Adams & Faure 

1998). We obtained a total carbon stock of 282 t  

(40 t ha-1) for our study area, based on a peat volume 

of 6,223 m3 and an average SOC level of 20.19 % of 

the dry soil weight. The stored CO2 of the entire fen 

area (7.11 ha) therefore amounts to 1,035 t, with 

approximately 146 t ha-1. In a study on the peatland 

carbon stores in the Snowy Mountains, Australia, 

Hope & Nanson (2014) observed an average carbon 

stock of Sphagnum bogs in sub-alpine and alpine 

areas of 200 t ha-1, whereas in montane and sub-

alpine Carex fens, the carbon stock amounted to  

750 t ha-1. For tropical peat swamp forests, an average 

carbon stock of 930 t ha-1 has been reported (Siregar 

& Narendra 2021), whereas values of up to 800 t ha-1 

have been reported for low-mountain peatland forests 

(Krüger et al. 2015). The authors of a study on forest 

peatlands in Switzerland found mean soil carbon 

stocks of 495 t ha-1, ranging from approximately 200 

to 900 t ha-1 (Wüst-Galley et al. 2016). Much larger 

values have been reported for the northern boreal 

areas, with over 1,000 t ha-1 in deeper soils of 

peatland forests in Finland (Minkinnen et al. 1999). 

Although the carbon stock of alpine peatlands 

appears relatively low when compared to that of 

boreal regions, it is essential to evaluate these values 

within a global context that also includes non-peat 

soils. For instance, Perruchoud et al. (2010) reported 

a mean SOC stock of 98 t ha-¹ for the entire mineral 

soil profile in forest soils of the Swiss Alps. Even 

lower SOC values have been documented for 

eucalypt plantations in Portugal, which exhibit an 

average of only 41.2 t ha-¹ in the upper 30-cm layer 

(Quintela et al. 2024). These findings align with data 

from other studies that have reported average SOC 

stocks of 108 t ha-¹ in mineral soils of European 

forests to a depth of 100 cm (De Vos et al. 2015) and 

SOC values ranging from 11.3 to 126.3 t ha-¹ for the 

upper 20-cm soil layer (Baritz et al. 2010). In this 

context, the importance of alpine peatlands as carbon 

reservoirs takes on a new significance, highlighting 

the necessity of their inclusion in global carbon 

inventory assessments. 

The carbon stock values obtained using the carbon 

density approach are generally lower (Schlesinger 

1977, Post et al. 1982, Oechel 1989), which should 

be kept in mind when interpreting the values found in 

the current study involving a peatland area of only 

7.11 ha. However, given the large differences 

between the carbon stock of the alpine mire 

investigated in the present study and the stocks of 

other (especially boreal) peatlands, the evaluation 

method chosen plays a minor role. Generally, carbon 

stock calculations are mainly affected by the values 

of carbon concentration, BD and peat layer thickness 

(Krüger et al. 2015, Wüst-Galley et al. 2016, Glina et 

al. 2019), which was also the case in the present 

study. 

Although pristine peatlands are commonly 

considered to be carbon sinks, their CO2 dynamics 

are characterised by high spatial and temporal 

variability and affected by factors such as 

temperature, vegetation, water table level and pH, 
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which are often interrelated (Yu et al. 2001, Blodau 

& Moore 2003, Mäkiranta et al. 2010, Ireland et al. 

2013, Mathijssen et al. 2016, Ratcliffe et al. 2020, 

Mozafari et al. 2023). Therefore, estimating potential 

CO2 emissions from disturbed peatlands is complex. 

In the present study, the carbon fluxes were not 

accounted for, and our calculated CO2 stock needs to 

be understood as an approximate value. It should be 

emphasised that alpine peatlands, like their boreal 

counterparts, can be either sinks or sources of carbon, 

depending on the environmental conditions and the 

season (Schneider 2010, Maanavilja et al. 2011). For 

example, an alpine peatland in northern Italy acted as 

a carbon source over the study period of three years, 

with CO2 emissions considerably higher than those 

reported for other untouched peatland areas (Pullens 

et al. 2016). The authors partly explain this in terms 

of the short growing season and, consequently, the 

significantly shorter active carbon uptake period. 

Similar conditions occur at Platzertal, which, at an 

elevation of 2,300 m, would have an even shorter 

growing season, moving this area towards being a 

carbon source rather than a carbon sink. This 

assumption is further supported by the low 

abundance of Sphagnum and Carex species, which 

facilitate peat formation and accumulation. 

Nevertheless, with a changing climate, the snow 

cover period is expected to be shorter and the 

growing season longer, along with potential changes 

in vegetation cover and microbial activity, which 

might affectct the future role of Platzertal as carbon 

sink or source. 

Although extensive research has been conducted 

on the carbon sequestration potential and stocks of 

peatlands, alpine peatlands have, so far, largely been 

overlooked. This oversight is concerning because, 

while they occupy significantly smaller areas than 

mineral soils, they store greater amounts of carbon 

per unit area. In Central Europe, approximately 90 % 

of all peatland areas have been destroyed, primarily 

due to peat extraction and draining. The remaining 

intact peatlands are predominantly located in high-

elevation alpine areas. However, these alpine 

peatlands remain largely unrecorded and 

understudied, and this lack of information is a major 

shortcoming. Alpine peatlands, which rely on cool 

and moist conditions, are highly sensitive to climatic 

changes and human activities. Additionally, the 

sparse peat-forming vegetation, combined with the 

effects of livestock grazing that impede peat 

accumulation, often results in alpine peatlands being 

characterised by thin or even absent peat layers. The 

mosaic of swamps in Platzertal, investigated in this 

study as a representative alpine peatland area, 

exemplifies these characteristics. Whilst alpine 

peatlands hold considerable ecological importance 

and provide numerous ecosystem services, their role 

as soil carbon reservoirs is relatively minor when 

compared to the vast boreal peatlands of the Northern 

Hemisphere. However, in the context of a changing 

climate, the function of alpine peatlands as carbon 

reservoirs may be significantly altered. 
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