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Abstract 
 

 

 

Blanket bogs are a globally rare type of ombrotrophic peatland internationally recognised 

for long-term terrestrial carbon storage, the potential to serve as carbon sinks and habitat 

provision. The majority of recognised areas of this habitat in Europe are found in the United 

Kingdom and Ireland, but the rarer examples found in Spain represent the southernmost 

continental edge-of-range. However, gaps in the peatland inventory suggest that a number 

of blanket bogs in the Cantabrian Mountains (northern Spain) are not recognised and are 

at increased threat of loss.  

This study identifies and provides geo-hydromorphological classification for 14 unrecorded 

blanket bogs and one protected blanket bog located between the administrative regions of 

Cantabria and Castilla y León. Peat depth surveys and carbon analysis of peat cores were 

used to determine the amount of carbon stored within the newly identified blanket bogs 

and the current rate, and drivers, of peatland degradation were examined using remote 

sensing techniques. 

A total extent of blanket bog covering 44.45 ha (>40 cm peat depth) containing more than 

500,000 m3 of peat and an estimated 44.88 ± 3.31 kt C was mapped. Approximately 30.8% 

of the surface of blanket bogs examined was exposed peat, and even in the protected site, 

exposed peat surfaces are losing a minimum of 1.7 t C m-2 yr-1. The presence of livestock in 

unprotected sites is increasing the rate of erosion by over five times, and without 

protection exposed peat surfaces are releasing as much as 3.84 t C m-2 yr-1.  

The peatlands identified in this research extend the known limit of blanket bogs in Europe 

farther south than previously recorded and represent 10.5% of blanket bog currently 

recognised and protected in Spain. The range of anthropogenic pressures currently acting 

on peatlands in the Cantabrian Mountains, specifically livestock and windfarms, indicates 

that without protection these important landforms and stored carbon may be lost. An 

urgent update of European peatland inventories is thus required to preserve these valuable 

carbon stores and potential carbon sinks. 
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1.1. European blanket bogs 

Peatlands only cover around 2.84% (4.23 million km2) of the EŀǊǘƘΩǎ ƭŀƴŘ ǎǳǊŦŀŎŜ (Xu et al., 

2018), but represent approximately 20% of terrestrial organic carbon storage, and 

therefore play an important role in the global carbon cycle (Gorham, 1991; Yu et al., 2010). 

Blanket bogs are a globally rare and unique type of ombrotrophic (rain-fed) peatland, that 

mainly form in areas with oceanic climates characterised by high atmospheric moisture 

content and precipitation (>1,000 mm yr-1), low average temperatures (<15°C) and low 

seasonal temperature variability (Lindsay et al., 1988). They can cover entire landscapes, 

and in addition to providing carbon storage, blanket bogs are also recognised for 

internationally important habitat provision (Tallis, 1998) and are protected under the 

European Habitats Directive (92/43/EEC; European Commission, 2019).  

In Europe, the largest expanses of blanket bogs are mainly found in the United Kingdom, 

Ireland and Norway (Lindsay 1995), with smaller and more isolated examples in Sweden, 

France and Spain (Joosten et al. 2017; Figure 1.1..1). The value of isolated blanket bogs 

often outweighs their extent, as they contain a record of local and regional vegetation 

extending for potentially several millennia (Ramil-Rego and Aira-Rodríguez, 1994; Ellis and 

Tallis, 2000; Pontevedra-Pombal et al., 2019). Moreover, the edge-of-range examples of 

this habitat may provide valuable insight into the effects of predicted climate change on 

blanket bog distribution and evolution (Gallego-Sala and Prentice, 2013). 

Spanish blanket bogs are located in the north of the country along the Cantabrian 

Mountains, which extend from Galicia in the west of the Iberian Peninsula to the Pyrenees 

in the east (Figure 1.1). The role of climate and topography in blanket bog formation is clear 

(Lindsay, 1995), and in north Spain the climate of the Atlantic bio-geographical region is 

heavily influenced by the Atlantic Ocean (Heras et al., 2017), with the majority of blanket 

bogs located above 600 masl where climatic conditions are more suitable for this habitat 

(Pontevedra-Pombal et al., 2009). The largest areas of protected blanket bogs in Spain are 

in Galicia at Serra do Xistral decreasing in their size and number from west to east along 

the Cantabrian Mountains (European Environment Agency, 2019; Figure 1.1), although the 

majority of blanket bogs recorded in Asturias are suggested to be misclassified and are in 

fact other types of peatland (Ramil-Rego et al., 2017; Figure 1.1). There is only one 

recognised blanket bog in the Basque Country (Zalama blanket bog) and this is currently 
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the known southernmost edge-of-range of this habitat in continental Europe (Heras et al., 

2017). HoǿŜǾŜǊΣ ǘƘŜ /ŀƴǘŀōǊƛŀƴ aƻǳƴǘŀƛƴǎ ŀǊŜ ŀ ΨƘƻǘ ǎǇƻǘΩ ŦƻǊ ǘƘƛǎ ƘŀōƛǘŀǘΣ ȅŜǘ ǘƘŜǊŜ ŀǊŜ 

currently no blanket bogs recorded in the region of Cantabria, and an important gap in the 

inventory has been highlighted to exist between the regions of Cantabria and Castilla y León 

(Ramil-Rego et al., 2017; Heras and Infante, 2018; Figure 1.1). 

 

 
 

Figure 1.1. A) Natura 2000 sites with recognised blanket bog (7130) across Europe and B) in Spain 

highlighting the gap in the blanket bog inventory in northern Spain. 

1.2. Blanket bogs and climate change 

Peatlands have stored carbon from the atmosphere over millennial timescales (Pérez-Díaz 

et al., 2016; Bunsen and Loisel, 2020), and they can continue to sequester carbon for 

centuries (IPCC, 2019).  Protecting this store of carbon and their potential function to act 
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as carbon sinks (Nugent et al., 2018) could be an important approach to mitigating the 

impacts of climate change (Joosten, Tapio-Biström and Tol, 2012; Joosten et al., 2016), and 

decrease current greenhouse gas emissions by reducing the conversion of peatlands to 

other land uses (e.g. agriculture; IPCC, 2019). However, a large number of peatlands, 

including large extents of blanket bogs, are degraded and are now acting as carbon sources 

(Joosten, 2009). Approximately 10% of global peatlands are either drained or undergoing 

mining activities, and a total of 1,298 Mt of CO2 are emitted every year from degraded 

peatlands (Joosten, 2009). However, it has been demonstrated that restored peatlands can 

return to function as carbon sinks and retain the long-term store of carbon (Nugent et al., 

2018).  

The total amount of carbon stored in blanket bogs within the Cantabrian Mountains (Spain) 

is currently unknown, although estimations at Serra do Xistral (Galicia) indicate that over 

8.6 Mt of carbon are stored in this region alone, highlighting the importance of this habitat 

for its contribution to regional and national carbon budgets (Gómez-orellana et al., 2014). 

While determination of the carbon stored in other recognised blanket bogs in Spain is 

undoubtedly required, it is not clear how currently unrecognised blanket bogs contribute 

to terrestrial carbon storage.  

1.3. Degradation of blanket bogs 

The majority of peatlands across the world are damaged or degraded as a result of a diverse 

range of natural and anthropogenic pressures (Evans, 1977; Price, Heathwaite and Baird, 

2003; Warburton, 2003; Yeloff, Labadz and Hunt, 2006; Holden et al., 2006; Evans and 

Warburton, 2007; Foulds and Warburton, 2007b; McHugh, 2007; Ward et al., 2007; 

Luscombe et al., 2016; Wawrzyczek et al., 2018; Li et al., 2018). Natural pressures that 

facilitate degradation, or loss of peat, primarily relate to erosion driven by aeolian, fluvial 

or freeze-thaw processes (Warburton, 2003; Evans and Warburton, 2007; Foulds and 

Warburton, 2007a; Li, Holden and Grayson, 2018). Such erosion processes mainly act on 

areas of exposed peat, although the relationship between natural pressures and the 

influence of the anthropogenic activities that may increase exposure of peat surfaces, is 

key to understanding degradation across blanket bogs more widely.  



5 
 

Anthropogenic pressures on blanket bogs include prescribed burning (Yallop et al., 2006), 

wildfires (Yeloff, Labadz and Hunt, 2006), drainage (Holden et al., 2006), overgrazing (Ward 

et al., 2007) and windfarms (Heras and Infante, 2008; Wawrzyczek et al., 2018).  In northern 

Spain, peat extraction, windfarms and livestock have been reported to be the most 

significant factors causing degradation of blanket bogs (Heras and Infante, 2008; Heras et 

al., 2017), although prescribed burning and wildfires also play an important role (Heras, 

2002). Both peat extraction and the construction of windfarms can result in large-scale 

removal of peat, and in some cases, the complete loss of the peatland (Heras and Infante, 

2008; Heras et al., 2017). In contrast, burning activities to improve grazing, plus the direct 

impact of livestock, increase the extent of exposed peat (Heras, 2002), but the scale of 

damage caused by livestock is not known.  

Recognised blanket bogs in Europe are protected under the Habitats Directive (European 

Commission, 2019; European Environment Agency, 2019) and EU funding is available to 

enable restoration and conservation of these ecosystems. However, unrecognised and 

unprotected areas of blanket bog, a number of which may exist in the gap identified (Figure 

1.1), could be under increased threat. There is currently little in the way of legislation or 

official conservation guidance to prevent anthropogenic damage. 

1.4. AIMS  

To further our understanding of the number and significance of blanket bogs in the 

Cantabrian Mountains, this research set out four key aims: 

 

1) To identify and classify currently unrecognised blanket bogs in the gap noted in the 

Cantabrian Mountains.   

2) To estimate the total carbon stored across any newly identified blanket bogs and 

quantify the current extent of the degradation in the peatland surfaces.  

3) To develop an ultra-high resolution method to measure surface change in blanket 

bogs using a Terrestrial Laser Scanner, and compare the rate of change in exposed 

peat between restored and unrestored areas. 

4) To determine annual and seasonal rates of erosion, peat loss and carbon loss from 

blanket bogs (restored and unrestored) in Spain to enable the rate of degradation 
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to be placed in context with the rate of degradation of other blanket bogs across 

Europe.  

1.5. THESIS OUTLINE 

The research undertaken in this thesis is placed in the context of previous and current 

related work in Chapter 2. The distribution and classifications of peatlands are reviewed 

with particular emphasis on blanket bogs including examples in Spain. Natural and 

anthropogenic pressures on peatlands have also been reviewed in order to understand the 

current status of this habitat in Europe and Spain.  

The identification and classification of unmapped Spanish blanket bogs is detailed in 

Chapter 3, mapping the southernmost edge-of-range of this habitat in Europe. Assessment 

of the current state of degradation and total carbon stored in the newly identified blanket 

bogs is examined in Chapter 4.  

Chapters 5 and 6 focus on determining the rate of surface change, both erosion and 

deposition, for blanket bogs in the Cantabrian Mountains. The development of a method 

to measure surface change in ultra high-resolution (mm changes) is presented in Chapter 

5 along with the results of a trial undertaken on three blanket bogs. This is expanded in 

Chapter 6 to report annual and seasonal erosion rates for one restored blanket bog and 

two unprotected blanket bogs. This provides estimates of the rate of natural and 

anthropogenically influenced erosion and evaluates the impact of restoration actions in 

Spanish blanket bogs. Estimates of peat loss and carbon loss presented in Chapter 6 

highlight the significance of the work in Chapter 3. 

The importance of the newly mapped blanket bogs identified in this research and their 

relevance in the context of climate change and current degradation rates in discussed in 

Chapter 7.  
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Chapter 2  
Peatland & mires: Definition, distribution, 

classification, threats and importance  
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2.1. PEATLAND ENVIRONMENTS  

2.1.1. Definition of peat and peatland 

Peat is a type of soil consisting of at least 30% partially decomposed dry organic material 

(Joosten et al., 2017). An area covered by peat is defined as a peatland, but only classified 

as a mire when peat forming species are present in the ecosystem (Kivinen, 1980; Immirzi, 

Maltby and Clymo, 1992; Charman, 2002; Joosten et al., 2017). A peatland is an area where 

peat accumulated over the land surface (Gorham, 1953; Joosten et al., 2017), most 

commonly as a consequence of waterlogging and low oxygen conditions (Sjörs, 1948). The 

thickness of the peat layer, or peat depth, which is required to ΨdefineΩ ŀ peatland varies 

between countries and regions. In Europe, peatlands are generally considered as areas 

where there is a minimum of 30 cm of peat (Kivinen, 1980), but this varies depending of 

the country. For example, the minimum peat depth required in Ireland is 40 cm 

(Cruickshank and Tomlinson, 1990; Evans and Warburton, 2007), compared to 20 ς 30 cm 

in Germany (Keppeler, 1922; Schneider, 1976), and 50 cm in Scotland (Bibby, 1984). This 

highlights an issue in the lack of a standardised peat depth to define peatlands.  

Peatlands are assumed to have two main layers, the acrotelm (top layer in contact with the 

surface) and the catotelm (deep layer in contact with the substrate; Ingram, 1978). The 

upper layer (acrotelm) is characterised by high rate of conductivity and fluctuations in the 

water table, which is rich in plant material and aerobic peat-forming bacteria (Ingram, 

1978). The  lowest water level typically defines the boundary between the acrotelm and 

the catotelm, the latter of which is saturated with water and contains high levels of partially 

decomposed organic material (Ingram, 1978). Five main factors that define peatland 

environments include: climate, geomorphology, geology and soils, biogeography and 

human activities (Charman, 2002). The interaction between these factors can instigate 

formation of peat and therefore the development of a peatland environment. There are 

two main processes for peatland initiation resulting from excess of water: terrestrialisation 

and paludification (Romell and Heiberg, 1931; Gorham, 1957; Charman, 2002). 

Terrestrialisation is a process where a shallow water body is slowly filled by organic and 

inorganic materials. This accumulation is continuous until a point where the water table is 

above the surface and peat accumulates over the previous deposit (Payette, 2001; 

Charman, 2002), while paludification is a process where peat accumulates over a wet 
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substrate or mineral soil (Charman, 2002). The majority of peatlands have developed 

through paludification typically covering far larger areas than those peatlands initiated 

through terrestrialisation (Sjörs, 1983). Based on the source of water, peatlands can also 

be divided into two main groups, fens and bogs. If the peatland is rain-fed, it is defined as 

a bog or ombrotrophic while, if it is groundwater-fed, it is categorised as a fen or 

minerotrophic peatland environment (Du Rietz, 1954). 

2.1.2. Distribution of peatland environments 

2.1.2.1. Global distribution 

Peatlands cover only 2.84% (4.23 million km2) of the EarthΩǎ land surface (Xu et al., 2018), 

but represent approximately 20% of the terrestrial organic carbon storage, thus play an 

important role in the global carbon cycle (Gorham, 1991; Yu et al., 2010). The majority of 

the global peatland environments are concentrated in the Northern Hemisphere, where 

the largest proportion lies in Asia (38.4%) and North America (31.6%). In fact, Europe only 

contains 12.5% of global peatlands followed by South America (11.5%), Africa (4.4%) and 

Oceania (1.6%) (Xu et al., 2018). Nonetheless, true estimation of the extent of peatlands is 

difficult and varies between authors (Figure 2.1).  

 

Figure 2.1. Comparison between estimations of peatland extensions by continents. Europe includes 

former Soviet Union in Immirzi, Maltby and Clymo (1992). Central America has been included as  

South America or North America in Joosten (2009) and Xu et al. (2018). 

 

On a continental scale; Africa, Asia and America (Central and North) have been 
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has increased 3.8 times greater in Africa, 3.7 times in Asia and 5.5 times in America. 

However, in the case of Europe and North America, the estimated extent of peatland has 

reduced by 0.3 and 0.8 times respectively. Oceania shows the most extreme change in 

peatland extension with 37.3 times increase (Xu et al. 2018) in comparison with earlier 

estimates by Immirzi, Maltby and Clymo (1992). When considering individual countries, 

Russia is identified as the country with the largest extent of peatland (137.5 Mha), followed 

by Canada (113.4 Mha), Indonesia (26.6 Mha), the United States (22.5 Mha) and Finland 

(7.9 Mha) (Joosten, 2009).  

The percentage of land covered by peatlands does not necessarily relate to the total extent 

of peatlands, and this is important for understanding conservation and protection policies. 

Europe has the highest percentage of land covered by peatlands and requires special 

attention in terms of conservation; for that reason, the European Union has protected 

peatlands under the Habitats Directive (92/43/ECC) (see section 2.1.3.5). Countries like 

Ireland, Finland and Sweden have large extents of peatlands in their territories, and in the 

case of Ireland, more than the 24% of the land is covered by peatland environments (Figure 

2.2), which only amounts to 1.6 Mha of peatland extent.  

 

Figure 2.1Comparison of peatland cover by percentage of land area in differing countries and 

continents. 
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2.1.2.2. European distribution 

European peatlands only represent 5.2% of the EŀǊǘƘΩǎ land surface (Xu et al., 2018); 

however, in some countries this environment is a very relevant part of the landscape 

(Figure 2.3). The distribution of peatlands in Europe is largely based on their geographical 

location and precipitation, which enables them to be divided into ten distinct regions. 

Moving from high latitudes to low latitudes, a range of habitats can be found: Artic and 

polygon mire region, Palsa mire regions, Northern fen region, Typical raised bog region, 

Atlantic bog region, Continental bog and fen region, Nemoral-submeridional fen region, 

Colchis mire region, Southern European marsh region and Central - southern European 

mountain compound region (Moen, Joosten and Tanneberger, 2017). 

 
Figure 2.3. Comparison of peatlands extent of the main European countries according different 

authors. 

 

The reported distribution of peatlands across Europe has changed through time for a 

variety of reasons; for example, peatlands distribution is now better understood than 

previously, particularly in light of the EU Habitats Directive that regularised and 

standardised peatlands types (see section 2.1.3.5), but also factors, such as, changes in 

country boundaries could have an impact on the total peatland extent by country (e.g. 

Germany). 
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Finland has always been noted as the European country with the greatest extent of 

peatland environments since the 1990s, that amount to almost a third part of the peatlands 

in Europe (Montanarella, Jones and Hiederer, 2006). However, there has been a clear 

reduction in peatland extent in this country in recent inventories (Figure 2.3), potentially 

as a result of peatland degradation. Peatlands are distributed throughout country with a 

high concentration of bogs in the south (Lindholm and Heikkilä, 2017). 

Sweden has the second largest extent of peatlands of all European countries (Tanneberger 

et al., 2017), although early inventories did not include large extents of peatlands in this 

country (Immirzi, Maltby and Clymo, 1992; Pfadenhauer et al., 1993). There are two main 

concentrations of peatlands in Sweden; the first area is located in the north and central 

areas with a dominance of minerotrophic peatlands (fens) with exception of alpine and 

coastal areas where peatlands are rare. The second is located in the southwest part of the 

country where ombrotrophic (bogs) are dominant (Löfroth, 2017).  

The final Nordic country with large extensions of peatlands is Norway. Ombrotrophic bogs 

are widely distributed through the country under oceanic climatic conditions, although 

drainage has impacted more than 100,000 ha of bogs (Moen, Lyngstad and Øien, 2017). 

Fens are common in this country, but they are especially noted in oceanic areas (Moen, 

1990). 

The United Kingdom and Ireland are further countries with a high influence of oceanic 

climate conditions, and therefore large extents of peatlands. Peatlands also represent a 

large proportion of the land in these countries covering 30% of the United Kingdom 

(Lindsay and Clough, 2017) and 16.8% to 20.6% of Ireland (Hammond, 1981; Connolly and 

Holden, 2009). In the United Kingdom, bogs are more common than fen areas, moreover, 

a higher concentration of peatlands are noted in Scotland covering 66% of the land, in 

comparison with 11% in England, 25% in Northern Ireland and 21% in Wales (Lindsay and 

Clough, 2017). In Ireland bogs are widespread, particularly on the west coast and in central 

Ireland. Ombrotrophic peatlands are the most extensive type of peatland in the country, 

with some fen areas located mainly in central Ireland (Hammond, 1981). 

Central Europe, Germany and Poland have also large extents of peatland environments. In 

the case of Germany, fen peatlands are dominant and bogs are restricted to the northwest 
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of the country, where the influence of oceanic climate conditions are stronger (Trepel et 

al., 2017). In Poland, fens represent 92.4% of peatlands and only 4.3% are bogs with their 

origin associate to lake systems (Kotowski, Dembek and Pawlikowski, 2017).  

In Mediterranean countries such as Italy, France and Spain, peatlands are mainly located in 

Atlantic, Alpine and Continental regions rather than Mediterranean regions (Bragazza et al., 

2017; Heras et al., 2017; Julve and Muller, 2017). Peatlands represent only a small portion 

of these countries (0.6 ς 1.1% of Italy (Montemaggiori, 1996), 0.52% of France and 0.07% 

of Spain (Tanneberger et al., 2017)). 

Finally, countries in Eastern Europe also have extensive areas of peatlands (Ukraine, 

Belarus, Estonia, Slovenia and Latvia), although Russia (European part) contains the largest 

area of peatlands, covering between 23 to 68 Mha of land (Tanneberger et al., 2017). 

2.1.2.3. Peatland environments in Spain 

The climate conditions in Spain are diverse with oceanic climate conditions in the 

Cantabrian Mountains in the north and a dominance of Mediterranean climate throughout 

the rest of the country, although high mountain ranges also have an impact on the climate, 

creating a diverse range of conditions in some parts of the Mediterranean regions (Heras 

et al., 2017). The country is divided into two biogeographical areas, being the Atlantic and 

Mediterranean regions (European Topic Centre on Biological Diversity, 2006), with clear 

differences in annual precipitation. Peatland landscapes are rare in Spain and the majority 

of peatlands are small and do not cover as large extents as peatlands located in other 

European countries, such as United Kingdom and Ireland (Figure 2.3), but are still very 

important in terms of carbon storage and as potential carbon sinks. The total extent of 

reported peatlands in Spain varies between 4,000 ha (Goodwillie, 1980) to 40,000 ha 

(Tanneberger et al., 2017), although some gaps in the inventory have been highlighted 

(Heras et al., 2017; Ramil-Rego et al., 2017; Heras and Infante, 2018), emphasising that a 

national standard is required to enable better evaluation of the extent and distribution of 

peatlands in Spain (Heras et al., 2017). The first inventory of peatlands in Spain was 

completed in 1903 (Calderón, 1903), and until the 1990s there was no systematic approach 

to inventorying Spanish peatlands. In 1996, standard classification and characterisation was 

adopted, classifying peatlands based on hydrology, geomorphology and vegetation (Ramil-

Rego, Rodríguez-Guitián and Rodríguez-Oubiña, 1996). However, the peatland inventory 



14 
 

for Spain remains incomplete across the country (Heras et al., 2017), despite the 

regulations and protection that the European Habitats Directive 92/43/ECC requires of all 

EU state members, and continued periodical reviews. 

Bogs in Spain are mainly located in the Atlantic regions due to higher precipitation and the 

influence of the oceanic climate, although some bogs are also occasionally found in the 

Mediterranean regions (Heras et al., 2017). Fens are distributed across the entire country 

(Heras et al., 2017), and in many cases bogs are interconnected to fen (minerotrophic) 

areas. 

2.1.3. Types of peatlands 

A general classification for peatlands is difficult, mainly because each country has its own 

classification according to the environment in which the peatland exists. Environmental 

factors, such as the climate, geology and vegetation, are usually utilised to classify these 

peatland environments (Joosten et al., 2017), however there is no single classifying factor 

that covers all peatlands (Lindsay, 2016a). Historically, classification of peatlands was 

driven by their economic value and potential exploitation, however, more recently 

classifications are mainly based on three main variables: hydrology, vegetation and 

geomorphology (Joosten et al., 2017). 

2.1.3.1. Classification by water sources 

The acidity of water in a peatland has a large impact on the vegetation cover, although this 

is not the only factor to consider in term of vegetation coverage (Sjörs, 1950). Based on 

water acidity, peatlands fit into six different classification: Moss, Extreme poor fen, 

Transitional poor fen, Intermediate fen, Transitional rich fen and Extreme rich fen (Sjörs, 

1950). Moss peatlands are usually more acidic and poor in nutrients (pH 3.7 ς 4.2) when 

compared with fens (pH 5.2 ς 6.4), although fen areas could range from extremely poor 

fens (pH 3.8 ς 5.0) to extremely rich fens (pH 7 ς 8.4) (Sjörs, 1950). Similar classifications 

were utilised by Gorham (1954) on Swedish peatlands, although this classification 

introduced the term raised bog for those with low pH (<3.9).  In 1990, pH was also adopted 

to define two groups of peatlands: bogs (<4.6) and fens (>5.8) (Sjörs, 1950; Gorham et al., 

1985); however, a transitional group of peatlands was proposed in addition to bogs and 

fens for those peatlands that are between pH 4.6 and 5.8 (Gorham and Janssens, 1992). 
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In addition to the acidity, the origin of the water is also a relevant factor for classifying 

peatlands. If the peatland is rainwater-fed the habitat is defined as ombrotrophic, and if 

the water sources are from groundwater, the habitat is defined as minerotrophic (Du Rietz, 

1954). More recently, the terms bog for rainwater-fed and fen for groundwater-fed 

peatlands, have been widely accepted (Lindsay, 2016a).  

2.1.3.2. Ecosystem classification 

This classification combines different variables, such as water and vegetation, to provide a 

list of peatland types. Moore and Bellamy (1974) synthesized all peatland classifications 

based on water sources, chemistry and geomorphology. In 2002, a classification was 

proposed based on the water source, origin and evolution of the peatland (Joosten and 

Clarke, 2002), completely overlooking the fact that the peat forming mechanisms may 

change over time (Lindsay, 2016b). In this classification method, two main groups were 

defined: ombrogenous (bogs) and geogenous (fens), although fen peatlands were 

subdivided into three further categories based on where the terrestrialisation occurred: 

soligenous, for those formed in a moor pool; lithogenous, for peatlands formed in lakes; 

and thalanssogenous, for peatlands created from water rise in coastal transgression 

(Joosten and Clarke, 2002). 

2.1.3.3. Geomorphological classification and relationship with water origin 

Peatlands have also been defined by the topography and landforms of the substrate, as 

these are both relevant in defining peatland types and functions. The first attempt to 

classify peatlands according to the geomorphology occurred in 1903, defining three main 

types of peatland environments: Hochmoor, Flachmoor and Mischmoor. Hochmoor was 

described as a peatland with a dome, Flachmoor was a flat peatland and Mischmoor was a 

peatland with domes and flat areas (Weber, 1903). The topographical location and 

geomorphology is also relevant to classify peatlands, as they can be located in different 

landscapes, such as hills, slopes, flat areas, channels and basins (Semeniuk and Semeniuk, 

1995), and these factors will determine the type of peatland, in addition to the slope, as a 

primary limitation for peatland development and expansion (Lawrence et al., 2009). Early 

geomorphological classifications were described by Moore and Bellamy (1974). These 

authors classified mires and peatlands based on their location in Europe and some 
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geomorphological features, for first time defining very distinctive peatlands such as  Valley 

Bogs, Raised Bogs, Basin Bogs and Blanket Bogs (Moore and Bellamy, 1974). 

 
 

 

Figure 2.4. Hydromorphic classification of peatlands based on Joosten et al. (2017). 
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When geomorphology is combined with hydrology, peatland classification becomes 

substantially more efficient and representative (Joosten et al., 2017). This classification has 

recently been fully described to improve peatland classification across Europe (Figure 2.4; 

Joosten et al., 2017). 

Finally, in addition to the study of the landforms and water sources, geographical scale is 

also relevant in the correct classification of peatlands due to the different areas and 

extensions that this environment could cover. Based on scale, Ivanok (1981) defined three 

main levels to study peatlands: microtope, mesotope and macrotope. 

2.1.3.4. Hierarchical classification 

Hierarchical classification is based on the scale of analysis, and has different levels of 

classification, with a specific set of criteria for each level within the peatland area. This 

classification combines vegetation, landforms and hydrology, to provide a better 

understanding of the complexity and relationships within the peatland environment. 

However, to perform this on a larger scale (in detailed surveys) requires a considerable 

amount of time to cover small areas, largely due to the detailed description required. This 

method was initially described in 1981, primarily utilising three main levels based on 

vegetation patterns scale (microtope), hydrological units scale (mesotope) and whole 

landscape scale (macrotope) (Ivanok, 1981), but this classification has developed over  time 

seeing the introduction of further levels of classification. The current system includes six 

levels: Supertope, Macrotope, Mesotope, Microtope, Nanotope and Vegetation (Lindsay, 

2010). All levels of classification are interconnected; for example, Sphagnum capillofolium 

could form a nanotope, such as an individual hummock. This hummock could be within an 

area covered in hummocks (microtope) and connected with other microtopes, such as 

hollows in the top of a ridge comprising a mesotope unit. This mesotope could be 

connected with other mesotopes, or fen areas at the edge of the peatland forming a 

macrotope, that could be next to other macrotopes covering the landscape (supertope). 

2.1.3.4.1. Vegetation 

Vegetation level is where the individual species are the most relevant feature. In some 

cases, methods of vegetation classification can be used at this level (Lindsay, 2016b). 
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2.1.3.4.2. Nanotope 

This level represents all the small features within the mire/peatland, such as hummocks, 

tussocks, pools and ridges. Vegetation and water levels play an important role to define the 

types of nanotopes (Lindsay, 2016b) 

2.1.3.4.3. Microtope 

This level is defined by repeated surface patters, such as pool systems. This level is usually 

related with the hydrology of the acrotelm layer and the peatland gradient (Ivanok, 1981; 

Lindsay, 2016b). 

2.1.3.4.4. Mesotopes 

This unit is clearly defined by the hydrological boundaries and the water flows. It is the 

most descriptive form and classification for peatland systems (Lindsay, 2016b) 

2.1.3.4.5. Macrotope 

This level is when several mesotopes interlink, creating a peatland complex that is 

completely connected and depends on each other to be a functional peatland. A good 

example of this, is a raised bog connected to a fen area (Ivanok, 1981; Lindsay, 2016b). 

2.1.3.4.6. Supertope 

A small-scale level that covers large areas of peatland. Usually refers to the whole 

landscape, with several macrotopes linked via fens or streams (Joosten and Clarke, 2002; 

Lindsay, 2016b).  

2.1.3.5. European Union Habitat Directive (92/43/EEC) classification 

Since 1992, the Habitats Directive 92/43/ECC has provided a clear regulation to promote 

the maintenance of habitat diversity considering the economic value of the habitats, as 

well as the social, cultural and regional aspects (European Commission, 2019). As the 

European Union has grown, the Habitats Directive has been modified to include other 

habitats existing in new EU member states. For example, in 2004, ten countries joined the 

EU and these new habitats were added to the inventory to cover the new ecosystems from 

those countries. 
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The Habitats Directive protects over 1,000 species and 200 habitat types, based on 

vegetation distribution and hydromorphology, reporting the status of these habitats in 

each member state every 6 years. The last report highlighted that more than 80% of 

peatlands are in bad or inadequate conservation status, mainly as a result of drainage 

activities in this habitat (European Commission, 2015). Habitats are classified by groups, 

and all peatland types are in the group designated as άwŀƛǎŜŘ ōƻƎǎΣ ƳƛǊŜǎ ŀƴŘ ŦŜƴǎέ (Figure 

2.5; European Commission, 2013). 

 

Figure 2.1. Classification of peatlands based on the Habitat Directive 92/43/EEC (European 

Commission, 2013). 
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2.1.4. The importance of peatland environments and protection 

2.1.4.1. Climate change and peatlands 

Peatlands play an important role in the global carbon cycle (Gorham, 1991); in fact, this 

ecosystem represents the largest terrestrial store of soil carbon (Limpens et al., 2008). If 

peatlands are in pristine or restored status, they could also act as carbon sinks (Nugent et 

al., 2018), being the most efficient terrestrial carbon store (Parish et al., 2008). However, a 

large extent of peatlands has been reported in degraded or damaged status (Figure 2.6; 

Joosten, 2009) and therefore may now be acting as carbon sources (Yallop et al., 2009). 

Therefore, their conservation and restoration could help to mitigate climate change in the 

current global context (Joosten et al., 2016). 

 

Figure 2.1.1. Extent of degraded peatlands in millons of hectares (Joosten, 2009). 

 
The majority of degraded peatlands are concentrated in Europe and Asia (Figure 2.6). In 

the case of Europe, Finland (28.8%) and European Russia (28.6%) contain more than 50% 

of degraded peatlands, although as previously noted, there are large extents of peatlands 

in both areas. In Asia, 63% of degraded peatlands are reported to be in just one country, 

Indonesia (Figure 2.6; Joosten, 2009). 

The Northern Hemisphere contains the largest amount of peatlands, and therefore the 
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predominantly controlled by the status of the peatland, where pristine peatlands could 

accumulate more carbon than peatlands under anthropogenic pressures such as burning 

(Turetsky et al., 2002). Russia has the largest carbon stock in peatlands, with 214 Gt C 

(Botch et al., 1995). North American peatlands also represent important carbon stores with 

191.5 Gt C,  and peatlands located in Canada are of particular importance (Bridgham et al., 

2006; Joosten, 2009). In Europe, between 200 ς 455 Pg C has accumulated during the 

Holocene (Gorham, 1991; Turunen et al., 2002), but these carbon estimations are 

dependent on the peat depth, and this has not been well studied in all the European 

countries (Byrne et al., 2004). The total carbon stored in Europe has been estimated to be 

at least 43.6 Gt C (Joosten, 2009). Finally, tropical peatlands represent at least 11 to 14 % 

of the global peatland carbon stocks, ranging from 81.7 to 91.9 Gt C, predominantly 

concentrated in Indonesia (57.4 Gt C) (Page, Rieley and Banks, 2011). 

 

Figure 2.7. A) Global emissions of CO2 in degraded peatlands by continents. B) CO2 emissions from 

degraded peatlands in the European Union countries and United Kingdom (Joosten, 2009). All 

values for 2008 in Mtons = 1,000,000 tons. 

 

Greenhouse gas (GHG) emissions from degraded peatlands are crucial in the context of 

global climate change. Asia represents the continent with the highest GHG emissions from 

degraded peatlands, followed by Europe and America (Figure 2.7A). Within the European 
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Union countries, Finland and Germany have the highest emissions from degraded 

peatlands, but emissions from Eastern European countries such as Latvia, Estonia and 

Lithuania are also significant (Figure 2.7B). 

The net change of carbon storage (ȹC) of a peatland is complex to define, and there are 

many variables to study before concluding if a peatland is acting as a carbon sink or source 

of carbon (Figure 2.8). Firstly, the atmospheric carbon and gaseous exchange needs to be 

evaluated, mainly studying the CO2 and CH4 fluxes (Figure 2.8). Furthermore, dissolved 

organic carbon (DOC) and particulate organic carbon (POC) are also important in 

understanding the carbon balance of peatland environments (Figure 2.8; Chapin et al., 

2006).  

 
Figure 2.8. Carbon fluxes in peatlands. 

 
The net ecosystem exchange (NEE) essentially represents the balance between the carbon 

fixed through photosynthesis and the loss through ecosystem respiration (Figure 2.8), and 
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is the most important component when considering the carbon balance of peatlands (73%). 

The CH4 fluxes represent 21%, but only 6% is related with DOC flux (Koehler, Sottocornola 

and Kiely, 2011). In terms of atmospheric gaseous exchanges, peatlands have a strong 

influence on the quantity and balance of three GHG (CO2, CH4 and N2O), and usually have 

a positive effect (sink) in the sequestration of CO2, although on a long term scale, peatlands 

have a negative effect (source) on CH4 (Moore and Knowles, 1987, 1989; Parish et al., 2008). 

If the peatlands are degraded or disturbed, the positive CO2 balance could turn to a 

negative contributing to global warming (Parish et al., 2008); in fact, drainage activities in 

peatlands could affect the total emissions of GHG, since there is a relationship between the 

water table and GHG (Moore and Knowles, 1989). For instance, natural peatlands or 

peatlands in pristine status usually act as sinks of carbon (Sottocornola and Kiely, 2005; 

Roulet et al., 2007), whereas degraded peatlands act as a carbon source (Waddington, 

Warner and Kennedy, 2002). Interestingly, peatland types could have an impact on GHG 

capacities; for example, bogs have a higher potential in CO2 sequestration and lower source 

of CH4 when compared with fen peatlands (Parish et al., 2008). Nevertheless, restoration 

actions could have a positive impact on the GHG sequestration, reversing the source of 

carbon resulting from degraded peatlands, to carbon sink status (Nugent et al., 2018). 

2.1.4.2. Ecosystem services 

More recently, peatlands environments have been recognised for the services that they 

provide. In addition to climate regulation, further services such as agricultural land, peat 

extraction, field sports or renewable energy, can result from peatland environments, 

regardless of any positive or negative consequences this may have on their conservation. 

There is a common international  classification of ecosystem services, which is divided into 

three main sections: Provision, Regulation and Cultural Services (BISE, 2019). In regards to 

peatlands, provisioning services are mainly related with the use of peat as a fuel, in food 

production (farming) and fresh water. In terms of regulating services, climate regulation 

will be the most significant, but also water regulation and purification should not be 

overlooked. Finally, cultural services related with recreational or educational activities are 

hugely important (Kimmel and Mander, 2010).  

Therefore, peatlands are important for a variety of reasons, such as water quality or 

prevention of flooding, although in the context of climate change and global warming, 
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caused by GHG, their climate regulation service appears to be the most relevant. 

Nonetheless, the current degraded status of peatlands across the world could be affecting 

this natural sink of carbon and they may be acting as a source of carbon, therefore 

increasing atmospheric GHG. Despite this, restoration and conservation actions could 

provide a way of mitigating climate change and preserving these carbon stores. 

2.2. BLANKET BOGS 

2.2.1. Definition and types 

There are two main types of bogs (ombrotrophic peatlands): blanket and raised bogs 

(Figure 2.4; Figure 2.9). The main geomorphological difference between these two types 

lies in whether they are covering the substrate as a mantle (Figure 2.9; blanket bog), or if 

the morphology is dominated by the peat accumulation and a dome (Figure 2.9; raised bog) 

(Weber, 1903; Lindsay, 1995).  

 

Figure 2.9. Graphical representation of a typical blanket bog and raised bog. 

 

Blanket bogs usually cover large landscapes (Figure 2.9), but can also be relatively small 

depending on their location, as size may be limited by the topography (Heras, 2002). 

Blanket bog landscapes often have isolated areas with no-peat (e.g. outcrops, Figure 2.9; 

Lindsay, 1995) and the peat depth can vary from a few centimetres to 8 m (Lindsay, 1995). 

The most common origin of blanket bogs is through the paludification process, and 

landforms within the peatlands are usually related with the topography of the underlying 

surface (Lindsay, 1995). 
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The simplest classification of blanket bog is based on their hydromorphic characteristics. 

Based on this classification, blanket bogs are divided in three main groups: Sloping, Mound 

and Plane blanket bog (Figure 2.10; Joosten et al., 2017). Sloping blanket bogs have a 

distinct slope over 3° and erosion channels in the direction of the slope. Mound blanket 

bogs usually cover hill summits and may have some erosion channels. Finally, Plane blanket 

bogs are flat or with a very weak slope (Figure 2.10).  

 

Figure 2.2. Blanket bog macrotope types. Based on Joosten et al. (2017). 

 

Hierarchal classification has been developed to classify blanket bogs in more detail, 

particularly at macrotope and mesotope levels. At macrotope level, classification is the 

same as hydromorphic classification. At mesotope level, hydrology and location are key 

factors. Mesotopes are defined largely by water flows and the origin of the water source, 

although more than 80% of this water must be from direct precipitation to be considered 

as part of the blanket bog complex, or macrotope. There are four main mesotope types: 

watershed, saddle mire, spur and valleyside (Figure 2.11). 

 

Figure 2.11. Blanket bog mesotope types. Based on Lindsay et al. (1988). 
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2.2.1.1. Watershed 

This sub-type of blanket bog, or mesotope unit, occurs on hill summits or areas that slope 

away in all directions. This mesotope is clearly ombrotrophic because the central area of 

the unit is higher than the land surrounding it, and the only water source is precipitation. 

This precipitation could be rain, snow or occult precipitation. Erosion features are common 

in the mesotope unit in the direction of slope (Lindsay, 1995). 

2.2.1.2. Saddle mire 

This mesotope is located between two higher elevations, within a depression, and it may 

receive ground water with some minerotrophic influences in the blanket bog. This type of 

blanket bog usually develops downhill where two sides meet (Figure 2.11), depending of 

the slope angle (Lindsay, 1995). Therefore, this bog has two upslope and two downslopes. 

2.2.1.3. Spur 

This sub-type is a cross between a watershed and saddle mire mesotope. Usually it is 

located in a watershed area, but with a sloping side higher than the peat bog. Moreover, 

the central part of the Spur is usually higher than the edges, but will still receive some 

ground water on one of the blanket bog edges (Figure 2.11). The largest concentration of 

peat is usually in the uphill slope rather than in the downhill margin, and the downhill edge 

is generally limited by a steep slope (Lindsay, 1995). 

2.2.1.4. Valleyside 

This blanket bog sub-type is common on gentle slopes, where a water course or fen is 

located on the downhill margin. There is generally an uphill margin where ground water 

can pass through and the peat depth at the top is usually greater than that downhill, where 

some erosion or inundations may have taken place (Lindsay, 1995). 

2.2.2. Distribution of blanket bogs  

2.2.2.1. Global context 

A global inventory of blanket bogs is difficult to compile due to differences in classification 

of this habitat (see section 2.1.3) and the lack of research about this habitat, particularly in 

the Southern Hemisphere. Despite this, based on climatic and terrain conditions, a total 

amount of 10 million ha of blanket bog has been estimated to exist globally (Lindsay et al., 

1988). Blanket bogs are predominantly located in areas with oceanic climate conditions 
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(Figure 2.12) characterised by high precipitation (>1,000 mm yr-1) and atmospheric 

moisture content, low average temperatures (<15 °C) and low seasonal temperature 

variability (Lindsay et al., 1988). In boreal areas, blanket bogs can be covered by snow for 

several months of the year (Solem, 1994), although the majority have little or no snow 

cover throughout the year (Doyle, 1997).  

 

Figure 2.12. Blanket bog distribution across the world (updated from Lindsay et al. 1988). 

 

The main areas with known blanket bogs are located above 40° in both hemispheres. In the 

Northern Hemisphere, North American blanket bogs cover large extents of Alaska (Sjors, 

1985), and the west and east coasts of Canada (particularly in Quebec, Terranova and 

Labrador; Wells and Pollet, 1983; Price, 1992; Graniero and Price, 1999). In Asia, some 

examples have been described in Japan (Sakaguchi, 2001; Razzhigaeva et al., 2009) and the 

Kamchatka Peninsula. Europe has a high concentration of this habitat across different 

countries, with the Atlantic climate conditions being a key factor of their distribution. In 

the Southern Hemisphere, the majority of blanket bogs are located in Tierra del Fuego, 

between Argentina (Dykes and Selkirk-Bell, 2010) and Chile (Kleinebecker, Hölzel and Vogel, 

2007), although further areas have been described in South Australia, Tasmania (Jeschke 

and Succow, 2004) and New Zealand (McGlone, Mark and Bell, 1994). However, the 
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research published regarding blanket bogs is limited when compared to the significant 

distribution of this rare environment, therefore, the global distribution of blanket bogs are 

well elucidated in some areas, while other areas are yet to be fully investigated (e.g. Spain). 

Interestingly, research on blanket bogs (Figure 2.13) has largely been focused on examples 

in the Northern Hemisphere, particularly the United Kingdom and Ireland. These two 

countries comprise more than 84% of research conducted (Scopus, 2019; Figure 2.13). This 

is not surprising, as the majority of peatland research is concentrated in Europe (van Bellen 

and Larivière, 2020). 

 

Figure 2.13. Global map outlining the quantity of research on blanket bogs by country (Scopus 2019). 

 

Since 1956, a total of 480 studies have been published on blanket bogs, blanket mires or 

blanket peats across the world, according to the Scopus database in 2019. The majority of 

blanket bog research has focused on peatland origin and general descriptions of the 

geomorphology, soils and hydrology. Vegetation in peatlands has also been an important 

research topic, as well as anthropogenic impacts on peatland environments and their 

effects on degradation process and conservation. In the last 20 years, research on climate 

change and carbon in blanket bogs has increased their global importance since this habitat 
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is a type of peatland and therefore an important carbon store and potential carbon sink 

(Figure 2.14; Figure 2.15). 

 

Figure 2.14. Number of research papers published about blanket bogs from 1956 to 2019 (Scopus, 

2019). 

 

 

 
Figure 2.15. Evolution of the peatlands related research from 1956 to April 2019. 

 

2.2.2.2. European and Spanish blanket bogs 

Blanket bogs in Europe are mainly located in the United Kingdom, Ireland and Norway 

(Lindsay, 1995) with limited occurrence in Sweden, France, Spain, Portugal and Austria 
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(Moen, Joosten and Tanneberger, 2017). They are mainly limited by climatic conditions 

described before, and therefore tend to be concentrated in areas with a high or markedly 

oceanic climate (Lindsay et al., 1988), although some recognised blanket bogs in Austria 

are located in alpine environments (European Environment Agency, 2019).  

In the United Kingdom, blanket bogs are widespread across the country, mainly located in 

Scotland, Wales, Northern Ireland and the north of England, covering 2.28 Mha (Lindsay 

and Clough, 2017) and represent 90% of the peatlands in these countries (Bain et al., 2011). 

Further blanket bogs have also been noted on hill summits in the Isle of Man (Lindsay and 

Clough, 2017). 

In Ireland, blanket bogs are the most extensive peatland type, covering 7,739 km2 

predominantly in upland areas and on the western coast across Galway, Kerry, Mayo and 

Donegal όCƻǎǎ ŀƴŘ hΩ/ƻƴƴŜƭƭΣ нлмтύ with a high presence of raised bogs. In this country, 

peatlands are separated into two main groups, lowland/Atlantic and mountain blanket 

bogs. Lowland blanket bogs are mainly located in the western part of the country, where 

precipitation is higher and oceanic climate conditions are stronger, particularly in the 

county of West Mayo (Hammond, 1981). Mountain blanket bogs are more widely 

distributed across Ireland, but are also located mainly in the western and northern areas 

(Hammond, 1981). It has recently been highlighted that over 2,287 km2 of Irish blanket 

bogs are in an unfavourable conservation status όCƻǎǎ ŀƴŘ hΩ/ƻƴƴŜƭƭΣ нлмтύ. 

Another country of particular interest in regards to blanket bog habitat is Norway, although 

the protection and designation is different to the rest of Europe as the EU Habitats Directive 

policy does not apply to this country. Therefore, they are classified into two main 

categories; mound (rare) and sloping (common) blanket bogs at macrotope level. They are 

mainly located along the most oceanic parts of the country (Moen, Lyngstad and Øien, 

2017). 

Portugal has a few examples of blanket bog habitat; however, despite the oceanic climate 

in the north of Portugal, all blanket bogs are located in the Azores archipelago in the 

Atlantic Ocean rather that in continental Europe. Blanket bogs only cover a small area in 

comparison with other countries and form an important part of the Azores landscape, 
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despite the fact that more than 50% of the peatlands on this island have been destroyed 

(Mendes and Dias, 2017). 

France, Austria and Sweden only have a few recognised blanket bogs in their inventories. 

The total extent of this habitat is very low, but with a great diversity. France contains the 

largest quantity of this habitat covering 4.3 km2 of Britannia and the Pyrenees (Julve and 

Muller, 2017), followed by Austria with 1.6 km2 of blanket bogs in pristine status (Essl and 

Steiner, 2017) and only 1 km2 of Sweden is covered by blanket bogs, although these are 

reported to be in a favourable conservation status (Löfroth, 2017).  

Spanish blanket bogs are very limited by climatic conditions and topography. They are 

usually located at high elevations between 600 and 1,500 masl in the Atlantic climate region 

with up to 5 m of peat accumulation (Pontevedra-Pombal et al., 2009; Heras et al., 2017). 

However, some protected blanket bogs with lower elevations are located close to the coast 

in Asturias at Sierra Plana de la Borbolla (Heras et al., 2017; Ramil-Rego et al., 2017; 

European Commission, 2019). The majority of the protected Spanish blanket bogs are 

located in Galicia, covering extensive areas in Serra do Xistral, Montes do Buio and Macizo 

da Toxiza with an approximate extent of 770 ha and representing the south-western 

European boundary of this habitat in the continent (Heras et al., 2017). According to the 

current inventory included in the Habitats Directive, another administrative region with a 

high number of blanket bogs is Asturias (European Commission, 2019); however, recent 

research has suggested that several blanket bogs here have been misclassified, reducing 

the total number of blanket bogs to a few locations at Sierra Plana de la Borbolla (Ramil-

Rego et al., 2017). The final protected and recognised blanket bog is located between the 

administrative regions of Castilla y León and Basque Country: Zalama blanket bog (Heras, 

2002). This peatland, protected under the Habitats Directive and recently restored, 

represents the current southernmost edge-of-range of this habitat in Europe. 

2.2.3. Threats and blanket bog uses 

2.2.3.1. Natural pressures in blanket bog areas 

Environmental conditions and wildfires both represent pressures on blanket bogs surfaces, 

although these natural phenomena are usually closely related with anthropogenic 

pressures (see section 2.2.3.2). Moreover, peat is also removed from exposed peat surfaces 
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through natural processes, driven by water, ice, wind and chemical oxidation (Evans and 

Warburton, 2007). In the following section, the main natural erosion processes caused by 

water and wind will be described and an overview of wildfires will be given, to define their 

importance in fire management activities, such as rotational or prescribed burning which 

is discussed in further detail later (see section 2.2.3.2.4). 

2.2.3.1.1. Wind erosion 

Wind erosion is a natural process which occurs when the wind picks up loose surface 

material and transports it (Wilson and Cooke, 1980). Peat is very prone to wind erosion due 

to its low density (Warburton, 2003), hence a number of studies have highlighted the 

importance of this process in peatland environments (Bower, 1961; Zuidhoff, 2002). Wind 

erosion has been recognised as an important natural pressure of peatlands as early as the 

XIX Century (Rastall and Smith, 1906; Samuelsson, 1910; Bower, 1960), but was not directly 

quantified until 2002 on degraded peatlands in Canada (Campbell, Lavoie and Rochefort, 

2002), and one year later on semi-natural blanket peatlands in the United Kingdom 

(Warburton, 2003). Moreover, measuring wind erosion as an independent process 

presents difficulties, as this process is usually combined with further environmental 

variables, such as precipitation, defining erosion in two different processes: aeolian 

transport of dry particles, and crust and wind-assisted splash transport under oblique rain 

(Warburton, 2003; Evans and Warburton, 2007). Both of these processes are strongly 

related with weather patterns (Foulds and Warburton, 2007a, 2007b). Once the peat is 

eroded, it is transported by different aeolian processes. Under dry conditions with a 

desiccated, cracked and crusted surface, processes including saltation, creep, suspension, 

reputation and kite transporǘ ŎƻǳƭŘ ǘŀƪŜ ǇƭŀŎŜΦ ¦ƴŘŜǊ ΨǿƛƴŘ - rain splashΩ conditions, all the 

aeolian processes described for dry conditions could also be a way of transporting the peat, 

with the exception of kite transport. Furthermore, rain splash and wash could also 

contribute to the transport processes under wet and windy conditions (Evans and 

Warburton, 2007). Therefore, wind erosion is a clear aeolian process that affects exposed 

areas of peat within the peatland environments. 
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2.2.3.1.2. Fluvial erosion 

The location and topography of blanket bogs (Figure 2.9) makes this type of peatland 

vulnerable to fluvial erosion (Kløve, 1998). Furthermore, these areas of peatlands have high 

precipitation regimes and are located in oceanic areas (Lindsay et al., 1988), which in 

combination with the low infiltration capacity of peat, produces high quantities of runoff, 

thus impacting erosion rates and sediment transport (Evans and Warburton, 2007). Fluvial 

erosion in peatlands can occur through three different processes: dissection systems, sheet 

erosion and marginal face erosion (Bower, 1960). In blanket bogs, dissection systems are 

the most important fluvial erosion process and can be sub-divided into two different types 

(Bower, 1961). Type I erosion is the most common process in deep peat on flat areas with 

a well-developed gully system. Type II is generally less developed in comparison with Type 

I, and individual gullies are the main characteristic (Bower, 1961). Sheet erosion is also 

highly relevant to bare peat surfaces, often combined with wind erosion (Bower, 1961). 

The third important fluvial erosion process occurs on the marginal faces of peatlands where 

the terrain is more abrupt and causes mass movement of peat (Bower, 1960). Another 

important element to consider in fluvial erosion is peat pipes, usually located in the 

transition between the peat body and substrate (Holden and Burt, 2002). 

Sediment flux of fine-grained peat particles from fluvial erosion is key to understanding the 

importance of this process in peatland environments. Early research demonstrated a 

relationship between the sediment flux and storm events, where water flows are higher 

and therefore increase the total sediment (peat) transported (Crisp, 1966). However, in the 

1980s, some studies highlighted the importance of summer desiccation in autumn (Francis, 

1990) and frost action in winter, as causes of the main sediment fluxes (Labadz, Burt and 

Potter, 1991). However, location and climatic conditions need to be considered to 

understand the main reasons for increasing sediment fluxes (Evans and Warburton, 2007), 

although researchers agree that the weathering processes before a storm event is key to 

understanding sediment fluxes rather than the direct fluvial erosion (Francis, 1990; Labadz, 

Burt and Potter, 1991). More recently, the role of needle ice erosion impacting on the 

stability of peatland surfaces has been highlighted, as well as the significant impact this has 

on erosion rates and sediment fluxes (Li, Holden and Grayson, 2018). 
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Another fluvial erosional process known as Ψpeat blocksΩ usually occurs in active gully 

systems where large blocks are cut from the gully banks, which subsequently collapse into 

the channel within the gully. It may also happen when the margin of the peatland is near 

to a stream (Evans and Warburton, 2007). These blocks can contribute to sediment fluxes, 

particularly when they are deposited within the main stream and water flow due to rapid 

abrasion (Evans and Warburton, 2007).  

2.2.3.1.3. Wildfires 

It is important to highlight the differences between wildfires and prescribed fires or burning. 

Wildfires are unplanned, whereas prescribed burning is usually premeditated and 

controlled to lower the risk of damage. Anderson et al. (1989) defined two categories of 

fires: cool fires and hot fires; cool fires refer to prescribed burning, and hot fires refer to 

wildfires. Cool fires will be described in detail later as they are related with anthropogenic 

pressures (see section 2.2.3.2.4). Hot fires are not controlled and tend to occur during the 

summer and dry season. They can cover large extensions with high intensity and severity 

(Davies and Legg, 2008). The initiation of these fires is commonly human related, mainly as 

a consequence of negligence (Tedim, Xanthopoulos and Leone, 2015), potentially resulting 

in peat burning for several weeks (Anderson, Radford and Mackenzie, 1989); however, it 

can also be initiated by natural causes, such as lightning, although this represents a very 

small proportion of the total fires (Tedim, Xanthopoulos and Leone, 2015). Hot fires have 

consequences on the peatland because they expose the top layers of peat to oxidation 

(Lindsay et al., 1988), and consequently alter vegetation and peat erosion (Yeloff, 2001). In 

fact, the role of hot fires in the initiation of peat erosion has been well studied since 1965 

and in several areas across the United Kingdom (Radley, 1965; Tallis, 1987; Anderson, 

Radford and Mackenzie, 1989), moreover, it has been postulated that this initiates or at 

least increases, peat erosion in Spanish blanket bogs (Heras, 2002). 

2.2.3.2. Anthropogenic pressures and impacts on blanket bogs 

There is a close relationship between humans and peatland environments; in fact, 

ecosystem conservation is usually related to the human services provided for this 

environment (see section 2.1.4.2). Drainage of peatlands appears to be the key pressure, 

as it is needed in order to transform peatlands and enable other uses, such as agricultural 
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land, grazing, peat extraction or forestry. Other pressures, such as rotational burning are 

also relevant to the majority of blanket peatlands within the United Kingdom, in order to 

provide another ecosystem service: hunting (Yeloff, 2001; Yallop et al., 2006). More 

recently, windfarm developments represent a challenge for the conservation of blanket 

mires globally, but particularly in the United Kingdom, Ireland (Lindsay, 2016c; Wawrzyczek 

et al., 2018) and Spain (Heras and Infante, 2008). These aforementioned pressures lead to 

diverse consequences described in this section, although the ultimate issue lies in peat and 

carbon loss through erosion processes instigated by anthropogenic pressures. 

2.2.3.2.1. Drainage 

Artificial drainage has been a pressure in peatlands for centuries (Holden, Chapman and 

Labadz, 2004), undertaken to use the peat as an energy source, expand agricultural land,  

the forestry industry and horticultural purposes (Armentano and Menges, 1986). Artificial 

drainage has been very important in countries such as Ireland or United Kingdom, where 

peatlands have played an important role in farming (Williams, 1995), and are locations with 

more extensive drainage system in the land (Baldock, 1984). Drainage systems usually 

consist of ditches of 50 cm deep and 50 to 70 cm wide across the peat body (Armstrong et 

al., 2009). The impacts of drainage could affect a number of variables, such as catchment 

hydrology (water tables), soil properties, water chemistry and erosion rates (Holden, 

Chapman and Labadz, 2004), but also the peatlands functionality and  geomorphology, with 

processes such as subsidence of the peatland body (Lindsay, Birnie and Clough, 2014c) 

which in some cases, has been up to 5 ς 6 m (Heathwaite, Gottlich and Cooke, 1993). 

Peatlands catchments are defined by hydrological patterns; however, if drainage systems 

are introduced, the hydrological patterns are altered, impacting the catchment. 

Hydrological responses to artificial drainage have been studied for decades with a variety 

of aims, such as the effects on peatland water storage or annual runoff (Holden, Chapman 

and Labadz, 2004). Furthermore, soil properties can also be affected by peatland drainage. 

In this scenario, the acrotelm could change its properties, thus changing the peat-forming 

vegetation to drought resilient species (Lindsay, Birnie and Clough, 2014c). Changes to soil 

properties could also have an impact on water chemistry, short term studies have 
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demonstrated the impacts of drainage on solute concentrations (Holden, Chapman and 

Labadz, 2004). 

Drainage also plays a paramount role in GHG emissions. This anthropogenic pressure could 

produce up to 8.5 Tg yr-1 of CO2 (Gorham, 1991), moreover, in cutover peatlands, the 

emissions of CO2 are three times greater than that of natural peatlands (Warner, 1999; 

Waddington, Warner and Kennedy, 2002); however, restoration of peatlands with drainage 

systems could easily revert this situation and re-establish the sink function of the peatland 

within 6 to 10 years (Waddington, Strack and Greenwood, 2010). 

Finally, soil pipes can develop as consequence of peatland drainage, increasing the 

particulate carbon loss (Holden, 2006), although it has been noted that soil pipes are also 

a natural geomorphological landform of peatland environments (Jones, 2004). 

2.2.3.2.2. Peat cutting and extraction 

The use of peat as fuel and in horticulture has been an anthropogenic pressure on 

peatlands since at least the Neolithic in the Stone Age (Joosten and Tanneberger, 2017). 

Peat only has half of the heating value of coal, but is easier to store and is extremely easy 

to obtain (Asplund, 1996; Gerding, Karel and de Vries, 2015). The first country in which 

large scale peat extraction for fuel occurred was The Netherlands, and in 1859, the energy 

obtained from peat was similar to that obtained from coal, although by 1939 peat only 

represented 3% of the national demand (Gerding, Karel and de Vries, 2015). On a global 

scale, the use of extracted peat as fuel represents 50% of total peat extraction (Joosten and 

Clarke, 2002), although nowadays, the main use of extracted peat is for agricultural and 

horticulture purposes. In some countries, such as United Kingdom, governments are 

encouraging the industry to replace peat for other more suitable materials (Alexander et 

al., 2008), highlighting the importance of peat conservation for climate regulation and 

ecosystem services (see section 2.1.4.2). 

Peat extraction in blanket bogs is less important than in another types of peatlands; 

however, the impact is greater as blanket bogs are rare and the rate of peat accumulation 

is lower in comparison with other peatland types. Despite this, in the United Kingdom, large 

extractions of peat occur in blanket bogs as they represent large areas of the landscape, in 

which the peat is primarily used for horticultural purposes (Lindsay, Birnie and Clough, 
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2014a). In Spain, blanket bogs are located in remote areas, where historically peat 

extraction did not occur until the 1940s (Heras et al., 2017). In 2012, a total of 61.4 

thousand tonnes of peat was extracted, mainly for horticultural and gardening purposes 

(Instituto Geológico y Minero de España, 1978; Heras et al., 2017) and this included 

extraction from some important raised and blanket bogs such as Tornos and Saldropo, 

which have been completely destroyed as a result (Figure 2.16; Heras and Infante, 2008). 

Moreover, as a result of peat extraction, the southernmost edge-of-range of blanket bogs 

in Europe has been destroyed by this activity.  

 

Figure 2.16. Photograph of Tornos blanket bog (Cantabria, Spain) after peat extraction. 

 
The impacts associated with peat extraction are multiple and can be difficult to quantify. In 

the short term, removing vegetation and creating a drainage systems has a direct impact 

in the peat-forming system and on hydrology by changing groundwater patterns (Ingram, 

1992). Furthermore, additional discharges of DOC and GHG may also occur in degraded 

peatlands (Waddington, Warner and Kennedy, 2002). 

2.2.3.2.3. Forestry 

Many peatlands have been commercially forested, including blanket bogs post-drainage in 

the United Kingdom and Ireland (Holden et al., 2007), but also in other countries, such as 
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large number of peatlands in Nordic countries, Canada and Russia (Rydin and Jeglum, 

2006b). It is estimated that 15 million ha has been affected by this activity (Paavilainen and 

Päivänen, 1995), and that 20% of European peatlands have been drained for forestry 

(Drosler et al., 2008). For this activity, larger ditches are required and fertilisation is also 

necessary in order to plant trees and grow a successful ΨŎǊƻǇΩ (Holden et al., 2007). The 

main consequences of drainage have been described previously (see section 2.2.3.2.1); for 

example, subsidence, although this is a lesser impact compared with peatlands drained for 

agricultural purposes (Minkkinen and Laine, 1998). Changes in the carbon balance of the 

peatland through GHG exchange could also be relevant in forestry areas (Rydin and Jeglum, 

2006a), but may not be a negative impact in terms of carbon exchange (Minkkinen et al., 

2002), as some can remain to function as carbon sinks if there are only small changes in the 

water tables (Minkkinen et al., 2018). A study in Irish peatlands suggested that carbon loss, 

as consequence of drainage and tree plantation, is compensated by the trees carbon 

uptake (Byrne and Farrell, 2005); however, DOC or POC were not considered in this 

research, suggesting that if these variables were considered, a source of carbon would be 

observed in the final results (Sloan et al., 2018). Further research is needed to evaluate the 

impact of forestry in peatland environments in terms of carbon balance. 

Drainage for forestry can also have consequences on the vegetation as the peat becomes 

drier. Peat-forming species, such as Sphagnum spp., could see more than a 75% reduction, 

and be replaced by drier mosses that require less water, such as Polytrichum commune 

(Rydin and Jeglum, 2006b). 

2.2.3.2.4. Burning 

Burning is a common practice in peatland environments; however, in this case, fires or Ψcool 

firesΩ as Anderson et al. (1989) denominated, are controlled and are intended to only burn 

the vegetation cover; particularly Calluna vulgaris, for grazing and grouse activities (Yeloff, 

2001; Yallop et al., 2006). Burning is restricted to certain times of the year in order to 

protect the wildlife nesting season and avoid Ψhot firesΩ due to non-favourable climate 

conditions (Clay, Worrall and Fraser, 2010). There is a long debate about the pros and cons 

of prescribed burning as this activity could produce several issues in peatland environments, 

such as changes in the water table, water quality, vegetation, as well as affecting carbon 
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stores and sequestration, but may also bring beneficial outcomes, such as diversity, 

ecosystem function and reduce the risk of wildfires. In addition, burning practices could 

provide a range of ecosystem services. 

Deeper water tables and higher variability was found in burnt peatlands (Holden et al., 

2015), although another study suggested that water tables were less deep in peatlands 

with burning practice (Worrall, Armstrong and Adamson, 2007). It should be noted that 

recent research has mapped significant mesoscale erosion features within the areas 

examined that may have greater impact than burning (Clutterbuck et al., 2020) 

Water quality is also important in order to quantify the impacts of rotational burning 

(Harper et al., 2018). In the United Kingdom, water sources in upland catchments where 

the majority of the peatlands are located, represent 70% of the freshwater (Bonn et al., 

2009). DOC and water coloration are two good indicators to define water quality, but also, 

as previously highlighted (Figure 2.8), DOC is a source of carbon from peatlands and 

therefore an important component in the climate regulatory function of peatlands. DOC 

represents an important source of carbon loss from stream systems (Clutterbuck and Yallop, 

2010) and may represent up to 30 ς 50% of the net exchange carbon (Armstrong et al., 

2012). It is widely accepted that burnt areas have increased DOC concentrations 

(Clutterbuck and Yallop, 2009, 2010), although a few studies have claimed there is no 

correlation between rotational burning and DOC concentrations (Clay, Worrall and 

Aebischer, 2012). It has been noted that the scale of the study areas could explain a 

difference in the reported results, in which catchment scale studies showed an increase of 

DOC and plot scale studies showed the opposite (Harper et al., 2018). 

In terms of biodiversity (flora and fauna), research has highlighted that burning is beneficial 

and has significant beneficial impacts on biodiversity and ecosystem functions (Davies and 

Legg, 2008). Prescribed burning may prevent or reduce the extent, the severity and 

intensity of wildfires or Ψhot firesΩ and their negative impacts in peatland environments 

(Davies and Legg, 2008); however, recent research did not agree with this statement, 

suggesting that burning does not stop wildfire expansion, and in fact areas with gully 

blocking and Sphagnum spp. were more efficient in stopping and helping to reduce the 

extent of the fire (Swindell, 2019). Consequently, burning practices modify the vegetation 

cover from bog vegetation to Calluna dominated vegetation (Lindsay, 2010), and significant 
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differences in the vegetation composition have been found at regional and national scales 

in the United Kingdom between unburned and burned areas with less Sphagnum mosses 

and greater Calluna vulgaris in burned areas (Noble et al., 2017). Recent research also 

identified no beneficial evidence of burning on the occurrence of Sphagnum mosses (Noble 

et al., 2017). 

Carbon dynamics can also be altered by burning practices, affecting different aspects of the 

carbon function and fluxes described previously in this section in relation to the importance 

of peatland environments (Figure 2.8). Carbon storage and sequestration are key reasons 

to preserve peatlands given current climate change, and the effects of burning are relevant 

in order to improve the conservation of the largest carbon storage globally. It has been 

demonstrated that rotational burning reduces the carbon storage in above ground 

vegetation (Ward et al., 2007; Farage et al., 2009), although some research has claimed 

that carbon loss is reduced under burning regimes (Clay, Worrall and Rose, 2010). Similarly, 

burning reduces the carbon accumulation in the peat surface (Ward et al., 2007), and 

therefore the carbon storage on a long-term scale. On the face of it, and considering the 

ȹC in the peatland, burning seems to be beneficial in reducing the source of carbon in 

comparison with unburnt areas (Clay, Worrall and Rose, 2010), although again, other 

researchers claim the opposite saying that burning is not beneficial for the ȹC (Worrall et 

al., 2010). 

2.2.3.2.5. Agriculture, horticulture and grazing 

Peatlands (both bogs and fens) have also been used for agriculture, although the ground 

need to be prepared in order to provide an appropriate surface for crops. Peat extraction 

is usually a stage of preparing land for agriculture by removing the peat vegetation and 

creating a drainage system (Rydin and Jeglum, 2006b). This drainage systems usually 

consists of shallow ditches with 10 ς 15 m spacing in peatlands with a peat depth lower 

than 1 m (Ilnicki, 2003). After drainage, the peatland surface will sink as a consequence of 

a process called subsidence, that in some cases could results in a 2.5 m subsidence 

(Berglund, 1996). This practice of combined extraction with agricultural uses, has been very 

common across Europe (Göttlich et al. 1993). 



41 
 

Another common use of peatland environments is extraction of peat for horticulture. 

Sphagnum mosses, a peat-forming plant, have positive properties, such as moisture 

retention, good aeration and high cation exchange capacity (Rydin and Jeglum, 2006b). 

Seedbeds, peat pots and composting are the main horticultural purposes of peat (Bélanger 

et al., 1988). 

Finally, grazing activities are common in blanket bogs, where low levels of livestock can be 

supported by peatlands (0.4 sheep/ha; Lindsay, Birnie and Clough, 2014b); however, 

overstocking is a common practice across Europe and could damage peatland 

environments, not only the vegetation cover, but also the peatland surface due to 

trampling (Lindsay, Birnie and Clough, 2014b). This leads to the creation of small tracks or 

paths and bare peat surfaces where natural erosion processes (see section 2.2.3.1) could 

be initiated (Ellis and Tallis, 2001). Since 1980, EU sheep meat subsidies have increased this 

issue rather than reducing the problem of grazing on peatlands across the United Kingdom 

(Douglas, 1998; Fuller and Gough, 1999). In addition, another issue related with livestock 

is the emissions of GHG (Worrall and Clay, 2012). In fact, in the United Kingdom, sheep play 

an important role in GHG fluxes in peatland environments, moreover an increase in grazing 

activity could lead to an increase in GHG. For example, trampling will increase the loss of 

DOC and POC if erosion increases (Worrall and Clay, 2012). 

2.2.3.2.6. Windfarms 

Blanket bogs are typically located in areas with high winds and relatively good accessibility, 

meaning these areas are attractive for windfarm development (Lindsay, 2016c). This recent 

pressure in blanket mire complexes not only comprises disturbance from turbine 

installation, but also the tracks, sub-stations and associated infrastructure (Lindsay, 2016c; 

Wawrzyczek et al., 2018). Windfarm infrastructures have impacts on the peatland surface, 

affecting mesotope units and hydrological patterns (Wawrzyczek et al., 2018), as well as 

promoting changes in the vegetation cover and habitat loss (Fraga et al., 2008). In some 

cases, blanket bogs have been completely removed as a consequence of windfarm 

development (Heras and Infante, 2008). Drainage around the tracks (Figure 2.17) is also an 

important factor in understanding the impact of these windfarms have on blanket bog 

hydrology and mesotope units. In addition, peat subsidence and erosion could be initiated 
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by track construction, as consequence of drier conditions and exposed peat surfaces 

(Figure 2.17; Figure 2.18). In Scotland, 55% of windfarms are installed in deep peat (Bright 

et al., 2008), which could have a much greater impact on carbon storage and balance, 

although it has been reported that windfarm developments will demonstrate a potentially 

positive effect in carbon balance after 25 year of wind farming (Nayak et al., 2010); however, 

recent developments in the carbon calculator model, have concluded that blanket bogs in 

good conservation status may not result in a positive carbon feedback, and it might not  be 

beneficial in terms of carbon balance in the long-term (Smith, Nayak and Smith, 2014). 

In Spain, windfarms could represent an important pressure for the habitat (Heras and 

Infante, 2008) and vegetation diversity (Fraga et al., 2008), yet they are not currently listed 

as an important threat (European Commission, 2012a). 

 

Figure 2.17. Windfarm track construction at Malverde blanket bog in northern Spain (Cantabria). 
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Figure 2.18. Evidence of erosion adjacent to windfarm development in northern Spain 

(Cantabria). 

2.2.3.2.7. Climate change 

Since blanket bogs are limited by climatic conditions (see section 2.2.1) and are dependent 

on high precipitation and humidity with low temperatures to form (Lindsay et al., 1988), 

the current situation with climate change is a challenge for this habitat, although other 

areas could become suitable for this habitat. Some blanket bogs are more than 10,000 

years old, and therefore they have suffered from changes in climatic conditions. A clear 

example of this is the Medieval Climate Anomaly (MCA), where precipitation decreased 

and temperatures increased, producing a change in vegetation and promoting erosion in 

blanket bog surfaces (Tallis, 1997a; Ellis and Tallis, 2001). Changes in climate conditions 

likely explain the early distribution of blanket peatlands in the Holocene and later 

expansion (Gallego-Sala et al., 2016). 

Over the last millennium, peatlands in the Northern Hemisphere across North America, 

Russia and Europe, have accumulated carbon; however, these rates were higher during the 

MCA and lower in the Little Ice Age (LIA), highlighting the important role that temperatures 
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play in peatlands, and the potential effect of global warming on peatlands (Charman et al., 

2013). 

In the current context of climate change, several researchers have reported the importance 

of peatlands and their role in the carbon cycle, but also highlighted the likelihood of climate 

change affecting peatland environments. For example, in Canada, it is expected that an 

increase in the annual air temperature of 3 to 5 °C, would result in land and coastal 

peatlands being affected by sea level rise, releasing GHG into the atmosphere (Tarnocai, 

2006). Moreover current sea level change could affect at least 7.4% (+5 m sea level rise) of 

the total global extent of blanket bogs (Whittle and Gallego-Sala, 2016). In the United 

Kingdom, large areas of bioclimatic blanket peatlands may be affected, potentially reducing 

their extent (Gallego-Sala et al., 2010). 

2.2.3.3. The erosion problem 

Erosion in peatlands is a natural process caused by natural environmental drivers, such as 

wind and water. However, the natural or anthropogenic causes that initiate erosion in 

blanket bogs have been widely discussed. Initially, natural causes were more likely to 

explain erosion in blanket mires. Early research suggested that peat cannot accumulate 

indefinitely (Moss, 1913), and therefore a peat cycle was proposed based on three stages: 

1) Peat accumulation; 2) Maturity; 3) Post-maturity, the last only happening when an 

instability in the peatland surface occurs (Johnson, 1957). Pipe erosion has been also 

described as a potential cause of the erosion process in peatlands and the cause of peat 

hags (Glaser and Janssens, 1986). In the early 1960s, it was suggested that early erosion 

occurred before human activities, although this problem was noted more recently and 

related with human activities, such as changes in vegetation (Tallis, 1964). At the end of the 

last century, climatic changes over the last 3,000 years were studied to understand the 

problem of erosion identifying two main periods of erosion; the first period was around the 

Early MCA (1250 ς 1450 AD) and the second period was around 1750 AD (Tallis, 1997a; 

Table 2.1). It has also been suggested that the onset of erosion was related with climatic 

changes in the LIA, but the same author emphasised the importance of burning intensity 

as a possible initiation of erosion (Stevenson, Jones and Battarbee, 1990). 
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Table 2.1. Main factor of peat erosion at Holme Moss (United Kingdom) (Tallis, 1997b). 

Date Factor of peat erosion 

1450 Desiccation MCA 

1770 Fire 

1800 Loss of Sphagnum 

1940 Overgrazing 

1976 Fire 

 
The combination of human activities and climate conditions are therefore, the main 

reasons of peat erosion. While deforestation could change the hydrology and therefore 

also has an impact on the blanket peatland erosion, climatic changes could increase the 

impacts of this pressure, especially when combined with more contemporaneous issues, 

such as grazing (Ellis and Tallis, 2001).  

Over the last 250 years, erosion has increased in magnitude across the world (Mackay and 

Tallis, 1996; Huang, 2002), at the same time grazing and agriculture has intensified (Huang, 

2002), as well as an increase in pollution, particularly in the British uplands (Fergunson, Lee 

and Bell, 1978; Yeloff, Labadz and Hunt, 2006). Fires are also important (Yeloff, Labadz and 

Hunt, 2006), and since very early on, fire related erosion has been highlighted as one of the 

main problems for peatlands, and the current era is noted as period with greater rates of 

erosion (Bower, 1960).  

In blanket peatlands, erosion as a process is described in three different stages. The first 

stage is when the blanket bog is covered in vegetation and it is removed due to natural or 

anthropogenic pressures, such as fire, grazing and peat extraction (see section 2.2.3.2) 

creating an exposed peat surface. Secondly, natural processes, such as desiccation in 

summer (Francis, 1990) or frost in winter (Labadz, Burt and Potter, 1991), prepares the 

surface for erosion. Finally, in the last stage, the surface is remove by natural erosion 

processes, such as wind, water, ice or oxidation (Tallis, 1998). Early research also 

highlighted the importance of altitude in relation with erosion, suggesting that at higher 

altitude the eroded area is lower and closely related with meteorological conditions, and 

potentially less anthropogenic pressures that are lower in high altitudes (Phillips, Tallis and 

Yalden, 1981). 
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2.2.4. Protection and legislation of blanket bogs 

2.2.4.1. Current situation of degradation 

Under EU legislation, the European Union states report the status of each habitat every 6 

years to review the status and restoration/conservation strategies. In the United Kingdom, 

the country with the largest extent of blanket bogs, all peatland types are in unfavourable 

ς bad conditions  (European Commission, 2012b), the worst status of the Habitat Directive 

evaluation ranking, and no changes or progress have been noted between 2007 ς 2012. A 

similar situation has been reported for Ireland, where all blanket bogs are in unfavourable 

ς bad conditions (European Commission, 2015) and a recent report for the period 2013 ς 

2019 noted  no change in this situation reducing in their extension, the ecosystem services 

and predicting the same status in the future if no action is taken (NPWS, 2019). In Spain, 

the last assessment of the habitat status highlighted that in 2013, only one peatland in 

Spain was in favourable condition. The rest of the recognised peatlands are in unfavourable 

ς inadequate condition (European Commission, 2012a).  

2.2.4.2. Current status of protection across Europe 

The European Habitats Directive (92/43/EC) has identified a range of peatland types across 

Europe that need to be protected in order to preserve carbon storage, biodiversity and the 

potential of the peatland to function as carbon sinks. Blanket bogs are protected under this 

legislation, with a total of 200 blanket bogs noted (European Commission, 2019; European 

Environment Agency, 2019). The United Kingdom has more than 55% of the designated 

blanket bogs (Figure 2.19; Figure 2.20) which is unsurprising considering that this country 

is located in an area with a high influence of oceanic climate, and therefore contains the 

largest extent of blanket bogs in Europe and 13% of the ǿƻǊƭŘΩǎ ōƭŀƴƪŜǘ ōƻƎǎ (Bain et al., 

2011). Ireland is the second country with the most designated blanket bogs, followed by 

Spain (Figure 2.19; Figure 2.20). 
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Figure 2.19. Number of designated areas with blanket bogs in the European Union by country in 

2019 (European Environment Agency, 2019). 

 

 

Figure 2.20. Percentage of blanket bog extent in the European Union by countries in 2019 

(European Environment Agency, 2019). 

 

Despite the importance of blanket bogs in the current context of climate change, with their 

diversity, rarity and unique geomorphology, there are major gaps in the Spanish blanket 

bog inventory (Heras et al., 2017; Ramil-Rego et al., 2017). Moreover, several mistakes in 

the Spanish inventory of blanket bogs have also overestimated the extent of this habitat in 

107

59

16
12

3 2 1
0

50

100

United
Kingdom

Ireland Spain Portugal France Austria Sweden

N
u

m
b

e
r 

o
f 

d
e

si
g
n

a
te

d
 a

re
a

s

55.67

23.49

16.33

2.29

1.71

0.50

0.01

United Kingdom

Ireland

Spain

Portugal

France

Sweden

Austria

0 10 20 30 40 50 60

%



48 
 

the country (see section 2.2.2.2), where the Asturias region has been defined as an 

important area for blanket bogs, but only one area of blanket bog has recently been 

confirmed (Ramil-Rego et al., 2017). In 2019, the Natura 2000 network provided an 

estimation of the total extent of blanket bogs in Asturias of 2,499.5 ha, but in reality, only 

16.98 ha are blanket bogs (Ramil-Rego et al., 2017; European Environment Agency, 2019). 

2.2.5. Blanket bog restoration 

Peatland restoration across Europe (United Kingdom, Germany, Poland, Sweden, Ireland, 

and Spain) is very common, particularly in EU countries where the Habitats Directive 

protects peatlands and promotes their conservation. The LIFE program is a scheme by the 

EU to promote restoration and conservation actions in the environment and climate 

actions since 1992. The budget for the period of 2014 ς 2020 was 3.4ϵ billion (European 

Commission, 2019). Spain has been the main receptor of funding for LIFE projects, followed 

by Italy and the United Kingdom (European Commission, 2019). Over 260 LIFE projects have 

restored peatlands through Europe, including the United Kingdom and Spain, where the 

LIFE program has helped to restore several blanket bogs across these countries (Joosten, 

Tapio-Biström and Tol, 2012). 

There are several strategical elements in restoring peatland environments and improving 

the ecosystem services; for example, the identification of all peatlands is crucial to 

determining their true extent, furthermore their evaluation is key to determining the total 

carbon storage and potential to serve as carbon sinks (Joosten, Tapio-Biström and Tol, 

2012). Recent research has showed the recovery of ecosystem services from eroded 

peatlands after LIFE project restorations (Alderson et al., 2019). 

There are several restoration techniques, such as gully blocking to increase the water tables 

and reduce the sediment loss, reprofiling and bare peat stabilisation to reduce the erosion 

process and peat loss rates, or revegetation to promote the peat-forming species 

recolonization in the degraded peatlands. 

2.2.5.1. Bare peat stabilisation and revegetation 

Bare peat, also referred to as exposed peat, is the main area exposed to natural erosion 

(e.g. fluvial (Evans and Warburton, 2007) and wind (Foulds and Warburton, 2007b)) and 

previously described pressures (see section 2.2.3). This exposed peat could develop into 
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gully systems, thus increasing erosion rates and degradation. The aim of covering exposed 

peat is to create a microhabitat that allows vegetation growth and therefore reduces 

erosion processes (Parry, Holden and Chapman, 2014; Aguirre, Benito and Galera, 2017). 

In some cases, exposed peat is covered by heather brash (e.g. United Kingdom), but also 

geotextile techniques have been used to reduce the erosion rates and increase the 

vegetation cover (e.g. Spain) (Aguirre, Benito and Galera, 2017; Figure 2.21). Heather brash 

contains different peat-forming species apart from heather to protect the bare peat and 

promote the re-establishment of vegetation; however, in Spain, geotextiles seem to be 

enough to promote the vegetation regeneration (Figure 2.21C), although some peat 

species have also been planted (Aguirre, Benito and Galera, 2017). 

 

 
Figure 2.21. A) Exposed peat area at Zalama blanket bog (Photo: DFB); B) Geotextile example 

covering exposed peat surface at Zalama blanket bog (Photo: DFB); C) Area of exposed peat after 

restoration actions using geotextile.  

 

Geotextile is usually attached with metal pins to avoid loss of the geotextile, and in the case 

of Spain, pine wood has been used to make the area more stable in high winds (Aguirre, 

Benito and Galera, 2017). The geotextile is biodegradable so will disappear with time, but 

the metal pins should be removed after vegetation is covering the target area (Chico and 

Clutterbuck, 2019). This method has reduced the total extent of exposed peat, and the peat 

loss rates are lower than degraded and exposed areas in northern Spain (Chico and 

Clutterbuck, 2019). 

In some cases, such as in the United Kingdom, vegetation will colonise these areas very 

slowly, potentially due to the peat properties not being suitable for vegetation because of 

high concentrations of atmospheric pollution particles and low pH (Fergunson, Lee and Bell, 

1978). In this case, bare peat is limed and fertilised to increase the pH levels and re-

establish the vegetation (Lunt et al., 2010). 
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In addition to the geotextile cover, in Zalama blanket bog, livestock were also excluded 

from the area to prevent grazing on the peatland surface (Aguirre, Benito and Galera, 2017). 

A clear change in the vegetation communities has since been noted (Chico and Clutterbuck, 

2019), although some grasses have been planted in the area as part of the restoration 

actions.  

2.2.5.2. Gully blocking, dam constructions and reprofiling 

Gullies are one of the main problems in blanket bogs across different countries, such as 

United Kingdom, Ireland and Spain. Gully erosion contributes to carbon loss (Evans and 

Lindsay, 2010), reduces water quality and has a negative impact on water tables (Daniels 

et al., 2008). Gully blocking is considered to reduce the erosion rates, but also to hold the 

water back and increase the water table (Moors for the Future, 2020), using different 

materials such as plastic piling, wood, stone or peat (Parry, Holden and Chapman, 2014). 

Gully blocks (or dams) are built with impermeable materials (e.g. plastic) when the 

restoration aims are to increase water tables and trap sediment (Moors for the Future, 

2020). In Spain, gully systems are not well developed due to the small extent of peatlands; 

however, there are several peat faces exposed to peat erosion (Figure 2.21A) and some 

timber dams have been constructed in some restoration projects (e.g. Zalama blanket bog) 

to reduce the runoff and trap sediments (Aguirre, Benito and Galera, 2017). Another action 

related with gully blocking and dam constructions is reprofiling, when the exposed peat is 

located in steep slopes or there are peat hags (e.g. Figure 2.21B). The main problem in 

these areas is the contribution to POC (Evans and Warburton, 2007), and this action will 

reduce the erosion in these areas creating a more homogenous slope by removing the over 

hags (Parry, Holden and Chapman, 2014). 

2.2.5.3. Artificial drain blocking 

Artificial drainage is one of the most common problem in peatlands (see section 2.2.3.2), 

and restoration actions to reverse the negative impacts of drainage is one of the main aims 

of restoration projects (Holden, Chapman and Labadz, 2004). Materials used to block the 

drainage system are usually heather bales, peat, plastic, wood or stone to block the gully, 

although peat is the most common material used for this restoration action (Armstrong et 

al., 2009). Although the material used can be important for restoration success at different 

sites, the dam spacing is also relevant; particularly if there is a gradient or steep slope (e.g. 
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blanket peatlands). In this case, more dams need to be installed to compensate the flow 

force and topography needs to be carefully considered (Armstrong et al., 2009). The most 

effective dams are the ones built with peat (74.1%) (Armstrong et al., 2009). 

2.2.5.4. Sphagnum reintroduction 

Sphagnum spp. are one of the  main peat-forming plants in blanket bogs; however, wildfires 

and burning have reduced the Sphagnum cover in blanket bogs (Tallis, 1964), particularly 

prior to the industrial revolution. More recently, with the industrial era, air pollution has 

dramatically affected the distribution of Sphagnum, because the peat is too acidic and 

contains sulphuric acid (Fergunson, Lee and Bell, 1978). 

Early approaches for Sphagnum reintroduction in British blanket bogs involved including 

propagules in heather brash that were used to cover the bare peat to reduce the erosion 

and POC loss with successful results (95% reduction after 2 years; Pilkington, 2015). 

However, despite this method having a positive effect on reducing erosion rates and 

evapotranspiration, the vegetation cover developed into a sward and without Sphagnum 

mosses (Wittram et al., 2015). More recently, two more direct methods have been used to 

cover large areas; micro-plugs and clumps, however both these methods are rather 

expensive and the coverage will depend on the source material (Wittram et al., 2015). 

2.3. MONITORING EROSION IN BLANKET BOGS  

2.3.1. Traditional methods  

Traditional methods to measure erosion rates can be divided into two main groups: direct 

and indirect. Direct methods are those that involve observing a fixed point, and surface 

movements and removals are measured. The indirect methods are based on trapping the 

sediments removed from the surface and extrapolating to estimate the total volume of 

peat loss (Tallis, 1973). 

2.3.1.1. Erosion pins 

Erosion pins are a direct method to measure erosion that have been used in multiple 

environments (e.g. sand dunes, gullies, river banks or peatlands) since the 1950s 

(Boardman and Favis-Mortlock, 2016). Erosion pins are rods that are installed and fixed into 

the mineral substrate to measure how much soil has been removed (or accumulated) in a 
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period of time by measuring the total length outside the soil (Haigh, 1977; Boardman and 

Favis-Mortlock, 2016), and is the most common method used to measure erosion (Haigh, 

1977). This method is cheap and simple, but will only cover small areas (Boardman and 

Favis-Mortlock, 2016). The most common pin material used is metal, but cheaper materials 

such as plastic and bamboo canes have been also used (Phillips, Tallis and Yalden, 1981), 

although for long-term studies, metal is recommended. 

This method has been highlighted as ideal for exposed peat environments with high erosion 

rates (Boardman and Favis-Mortlock, 2016); however, livestock grazing (e.g. sheep) is 

common practice on blanket bogs and they can damage the erosion pins by trampling the 

area, resulting in loss of information for the specific study site (Birnie, 1993). In addition, 

four main sources of errors have been identified for this technique in peatlands: 1) 

movement of erosion pins (e.g. livestock, ice); 2) changes in the surface elevation (e.g. mire 

breathing); 3) influence of the pin on the erosion rates (e.g. dead vegetation around the 

erosion pin) and 4) human interference (Couper, Stott and Maddock, 2002; Evans and 

Warburton, 2007). 

There are multiple studies that have measured peat erosion rates using erosion pins (Table 

2.2) mainly located in the United Kingdom. The majority of the studies are in England (15), 

followed by Wales (3), Scotland (2) and Tasmania (1). The range of erosion rates is variable 

across England from 73.8 mm yr-1 in Holme Moss (Table 2.2.; Phillips, Tallis and Yalden, 

1981) to 1.03 mm yr-1 in a recent study in Flow Moss (Table 2.2.; Baynes, 2012); however, 

it is important to highlight the location where measurements are taken as the angle and 

slope could play an important role in erosion rates (Tallis and Yalden, 1983). In this case, 

the highest erosion rate has been recorded in a peat margin, most exposed to weathering 

erosion and oxidation, whereas a lower erosion rate has been reported in a peat hag. In 

order to determinate erosion rates for a whole complex peatland environment, different 

zones within the exposed peat areas, with varying slopes, should be considered to gain an 

understanding of real erosion rate.  
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Table 2.2. Peat erosion rates measured by erosion pins across the United Kingdom and Australia 

Location Surface change 
(mm yr-1) 

Reference 

North York (England) 40.9 Imeson, 1974 

Snake Pass (England) 7.8 Phillips et al., 1981 

Moor House (England) 10.5 Phillips et al., 1981 

Holme Moss (England) 73.8 Phillips et al., 1981 

Snake Pass (England) 5.4 Phillips et al., 1981 

Holme Moss (England) 33.5 Tallis and Yalden, 1983 

Cabin Clough (England) 18.5 Tallis and Yalden, 1983 

Doctors Gate (England) 9.6 Tallis and Yalden, 1983 

Peak District (England) 18.4 ς 24.2 Anderson, 1986 

Plynlimon (Wales) 30 Robinson and Newson, 1986 

Mid Wales (Wales) 23.4 Francis and Taylor, 1989 

Plynlimon (Wales) 16 Francis, 1990 

Shetland (Scotland) 10 ς 40  Birnie, 1993 

Forest of Bowland (England) 20.4 Mackay and Tallis, 1994 

Harrop Moss (England) 13.2 Anderson, Tallis and Yalden, 1997 

Monachyle (Scotland) 59 Stott, 1997 

Macquarie Island (Tasmania) 43 Selkirk and Saffigna, 1999 

Moor House (England) 19.3 Evans and Warburton, 2005 

Upper North Grain (England) 34 Evans, Warburton and Yang, 2006 

Flow Moss (England) 1.03 Baynes, 2012 

   
 

2.3.1.2. Sediment traps 

An example of an indirect method to measure erosion rates, or in this case sediment loss, 

is sediment traps. This method can cover larger areas instead of a single point and can 

provide a better understanding of the sediment movement in the exposed peat. The results 

of this method are a total sediment budget that can be converted into surface change 

(retreat of peat surface), although it is difficult to compare due the nature of the method 

(Evans and Warburton, 2007). Similar to erosion pins, several limitations need to be 

considered with this indirect method. Since sediment traps measure the sediment 

transported, the design must be capable of trapping sediments moved by different 

transport methods, such as suspension or rolled in the case of wind erosion. Moreover, to 

collect the sediments, traps need to be inserted into the peat, and thus could accelerate 

the erosion process (Birnie, 1974). Evans and Warburton (2007) also highlight the 
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importance of the location in this method, as well as the area of sediment contribution and 

slope. Therefore, sediment traps  are better to cover larger areas when compared with 

erosion pins, although the experiment design (e.g. location) is important in order to obtain 

comparable results with other methods, furthermore sediment traps and erosion pins 

could be measuring different aspects of the erosion process (Evans and Warburton, 2007). 

2.3.2. New geospatial techniques  

Since 2010, new techniques have been developed that are capable of measuring surface 

changes in high resolution. Remote sensing techniques, such as aerial photography (Bower, 

1961; Tallis, 1973) and airborne LiDAR (Walsh, Butler and Malanson, 1998; Evans and 

Lindsay, 2010), can cover surface changes over large areas in comparison with the 

traditional methods. However the high cost and resolution (typically 25 cm at best) are the 

main limitations in measuring small changes (Clutterbuck et al., 2018). However, other new 

geospatial techniques, such as ground based photogrammetry employing Structure-from-

Motion (SfM) techniques, conventional photogrammetry from Unmanned Aerial Vehicles 

(UAV) and Terrestrial Laser Scanning (TLS) are becoming the most popular methods to 

measure erosion rates in peatland environments (Grayson et al., 2012; Kalacska et al., 

2013; Glendell et al., 2017; Li et al., 2018). These techniques can obtain mm resolution 

erosion rates and cover greater extents when compared with more traditional methods, 

such as erosion pins (Boardman and Favis-Mortlock, 2016). 

2.3.2.1. Aerial photographs and Airborne LiDAR  

Early studies have defined erosion features, such as gullies using aerial photographs (Bower, 

1961; Tallis, 1973). Airborne LiDAR data has been utilised to provide high resolution maps 

of gullies, where erosion is significant, particularly in the United Kingdom (Walsh, Butler 

and Malanson, 1998; Evans and Lindsay, 2010). The use of Digital Elevation Models (DEMs) 

to estimate the depth and extent of gully erosion have been successfully used (Betts and 

DeRose, 1999; Betts, Trustrum and De Rose, 2003; Evans and Lindsay, 2010), although the 

resolution is important in order to fully quantify erosion. LiDAR data provides high 

resolution and accuracy, and has been successfully applied to map gully erosion across 

different environments and areas of the gully (Hancock and Evans, 2006; James, Watson 

and Hansen, 2007; Evans and Lindsay, 2010). However, despite the powerful information 

derived from Airborne LiDAR data and aerial photography for landscape assessments, 
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erosion rates in blanket bogs are smaller than the resolution of this data (typically 25 cm), 

and therefore a quantification of erosion rates using this method will not provide high 

resolution results, although it will provide a range of useful data to define where erosion is 

taking place. 

2.3.2.2. Unmanned Aerial Vehicles and Structure-from-motion 

Unmanned Aerial Vehicles (UAV) are an extremely valuable tool to collect data in peatland 

environments. They have capacity to create high resolution DEMs (Chico and Clutterbuck, 

2019) at centimetre resolution (and potentially mm if the UAV is flown low enough), 

although an aerial view will not derive 3D morphology of overhanging features such as peat 

hags, a typical feature in peatland environments. The cost of this technique is lower than 

aircraft data, although the areas covered in high resolution will take longer than an aircraft 

(Clutterbuck et al., 2018). A benefit of UAVs is the capacity to collect photographs at high 

resolution, that can subsequently be used for construction of 3D models through Structure-

from-Motion (SfM) at high resolution (<1 cm), although this method could also be 

conducted with ground cameras. SfM has been widely applied in peatland environments 

(Kalacska et al., 2013; Knoth et al., 2013; Lehmann et al., 2016; Lovitt, Rahman and 

McDermid, 2017; Smith and Warburton, 2018), and has been successfully utilised to 

estimate erosion rates. Although SfM has been described as a cheaper technique (Li et al., 

2018), when large areas of assessment are required, UAVs appear to be the most efficient 

technique in terms of cost, and only SfM  is more effective for plot-scale areas (Glendell et 

al., 2017). In addition, data processing is also an important variable in terms of time - cost, 

which has not been considered in some research (Li et al., 2018), where SfM requires more 

time than another techniques (Glendell et al., 2017) and where ground photographs 

implicate disturbance of the studied area, UAV and other newer techniques, such as TLS, 

are less intrusive on a habitat that is very sensitive to disturbances. Therefore, the wider 

application of SfM for understanding erosion in peatland environments could be combine 

with UAV and TLS for a better assessment of surface changes.  

2.3.2.3. Terrestrial Laser Scanner 

TLS is capable of achieving ultra-high resolution and accuracy, thus has been used as a 

benchmark for other techniques, such as SfM  (Castillo, et al., 2012; Eltner, Mulsow and 

Maas, 2013; Gómez-Gutiérrez et al., 2014; Ouédraogo et al., 2014; Neugirg et al., 2016). 
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This technique has rapidly advanced in the last decade, and nowadays TLS units are 

portable and capable of recording more than 1 million points per second at ultra-high 

resolution, with accuracies up to 1 mm at 10 ς 15 m from the scanner (Idrees and Pradhan, 

2016). Despite the potential value of TLS to measure erosion in peatlands environments, 

only a few studies have been conducted using this method (Grayson et al., 2012; Glendell 

et al., 2017), and in some of them, the errors in assessment were higher than the rate of 

erosion measured (Grayson et al., 2012). Several challenges have been noted with this 

method, such as the limitations in assessing areas with vegetation and surface changes as 

consequence of mire breathing (Grayson et al., 2012). In addition, given that rates of 

erosion can be as low as 1.03 mm yr-1 (Baynes, 2012) the highest resolution data that can 

be collected using the least intrusive method is required for assessing peatlands. It is of 

course key that the existence of a peatland is known first. 

In the next chapters, this research will fill a gap in the Spanish inventory of blanket bogs, 

classifying any blanket bogs identified to mesotope level and undertake assessment of the 

characteristics and degradation of blanket bogs identified. A method using TLS will be 

developed to enable ultra high resolution assessment of erosion.   
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Chapter 3  
Identification and geo-hydromorphological 

ŀǎǎŜǎǎƳŜƴǘ ƻŦ 9ǳǊƻǇŜΩǎ ǎƻǳǘƘŜǊƴƳƻǎǘ ōƭŀƴƪŜǘ 
bogs 

 

 

 

 

 

The content of this chapter has been partially published 
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3.1. INTRODUCTION 

In some countries across Europe, peatlands account for >20% of the land (e.g. Estonia, 

Finland and Ireland), yet in Spain these ecosystems are extremely rare and cover only 0.07% 

of the country (Tanneberger et al., 2017) being one of the countries with least percentage 

of peatlands globally (Joosten, 2009). Blanket bogs are even scarcer in Spain, as their 

presence is specifically limited by topography and climatic conditions required for this 

habitat: high precipitation and humidity with low temperature variation (Lindsay et al., 

1988). Spanish blanket bogs are restricted, therefore, to the north of the country (Figure 

3.1) in the Euro-Siberian geographical area (Heras et al., 2017), where climatic conditions 

ŀǊŜ ǎǳƛǘŀōƭŜ Ƴŀƛƴƭȅ ƻƴ ΨŦƭŀǘΩ ŀǊŜŀǎ ŀƭƻƴƎ ǘƘŜ ǎǳƳƳƛǘǎ ƻŦ the Cantabrian Mountains 

(Martínez-Cortizas et al., 2000; Heras and Infante, 2003). Despite their small extent and 

occurrence, these blanket bogs contain an important palaeoenviromental record and have 

stored carbon from the atmosphere for over 8,000 years (Pérez-Díaz et al., 2016).These 

habitats also provide valuable contemporary biodiversity for the country, and have the 

potential to function as carbon sinks (Heras et al., 2017).  

 
 

Figure 3.1. Protected areas with blanket bogs (7130) in Spain. In blue, areas with presence of 

blanket bogs and in red, areas with incorrectly blanket bogs classified (European Environment 

Agency, 2019). 

 

The majority of recognised and protected blanket bogs in Spain are located in the regions 

of Galicia and Asturias (Figure 3.1; European Environment Agency, 2019) with only two 

examples in the eastern part of the mountain range in or on the boundaries of the Basque 

Country and Castilla y León: Zalama blanket bog (Heras, 2002) and Montes de Valnera Site 

of Community Interest (SCI; European Environment Agency, 2019). However, the majority 
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of blanket bogs recognised in the region of Asturias under Nature 2000 are not located in 

areas where the topography and climatic conditions are suitable for blanket bog 

development (Figure 3.1) and the most recent inventory of peatlands does not recognise 

any blanket bog in this region (Pontevedra-Pombal et al., 2017). Furthermore, some recent 

European projects have highlighted significant errors in the Natura 2000 inventory and 

indicate that <1% of the blanket bogs recognised in this region are actually blanket bog 

(Ramil-Rego et al., 2017; Table 3.1). In addition to miss-classification, a gap in the inventory 

of blanket bogs has been indicated to exist between Picos de Europa in the eastern part of 

Asturias and the Pyrenees in the Basque Country and Navarra regions (Figure 3.2Error! 

Reference source not found.Error! Reference source not found.Error! Reference source 

not found.; Ramil-Rego et al., 2017; Heras and Infante, 2018). These unrecorded blanket 

bogs could in fact represent the southernmost edge-of-range of this habitat in Europe. 

 

 
 
Figure 3.2. Potential gap areas with blanket bogs in northern Spain. 

 
Table 3.1. The extent of blanket bog in Spain recorded under the Natura 2000 network (European 

Environment Agency, 2019) together with the rectification in Asturias region (Ramil-Rego et al., 

2017). * Current area of blanket bogs in Asturias. 

 Region Area (ha) 

Protected Asturias 2,499.5 
*16.98 

Galicia 373.4 

Castilla y León 14.61 

Basque Country 4.41 

 

Although a large number of Spanish blanket bogs are protected, areas that are not mapped 

are exposed to anthropogenic and natural pressures that contribute to their degradation. 
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Historically domestic peat cutting may have been common in these regions for local use 

(Heras, 2002) although the main anthropogenic pressures today are linked to livestock 

(Heras and Infante, 2018), vegetation burning (Heras, 2002), commercial peat extraction 

(Guerrero, 1987) and more recently, windfarm infrastructures (Heras and Infante, 2008).  

In light of the gaps noted in the blanket bog inventory (Ramil-Rego et al., 2017; Heras and 

Infante, 2018), it is important to assess areas where currently unrecognised blanket bogs 

could exist. This will identify the wider extent and types of blanket bogs in Spain and enable 

understanding of the range of pressures and the current status of this rare habitat. 

Therefore, this chapter aims to identify and classify currently unrecognised blanket bogs in 

the Cantabrian Mountains. The following objectives were set: 

a) Use climatic and topographical data for northern Spain to identify potential areas 

where blanket bogs may exist but are currently not recognised in the areas reported 

with gaps. 

b) Undertake ground survey to confirm the presence of peat and measure the peat 

depth in each identified blanket bog. 

c) Define the extent and volume of peat in each peatland unit based on the peat depth 

results. 

d) Describe the landscape context of blanket bogs through aspect and slope analysis. 

e) Classify the peatlands based on the hierarchical classification at mesotope level. 

 

This chapter expands on the information presented in two publications: Chico et al. (2020) 

Geo-ƘȅŘǊƻƳƻǊǇƘƻƭƻƎƛŎŀƭ ŀǎǎŜǎǎƳŜƴǘ ƻŦ 9ǳǊƻǇŜΩǎ ǎƻǳǘƘŜǊƴƳƻǎǘ ōƭŀƴƪŜǘ ōƻƎǎ. Earth Surface 

Processes and Landforms45 (12), 2747ς2760; and Chico et al. (2019) Identification and 

classification of unmapped blanket bogs in the Cordillera Cantábrica, northern Spain. Mires 

and Peat, 24 (02), 1ς12.  

3.2. METHODS 

3.2.1. Identification 

3.2.1.1. Climate and topographical analysis 

Potential areas of unrecognised blanket bog were identified in the Atlantic Bioregion 

between the eastern limit of Asturias (Picos de Europa) and the north of Navarra (The 
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Pyrenees; Figure 3.2). Climatic model data for the period 1970-2000 were obtained from 

WorldClim (Hijmans et al., 2005). Precipitation and temperature (maximum and mean) 

were analysed in ArcGIS version 10.7 to identify potential areas with >1,000 mm of 

precipitation per year, low maximum temperatures (<15°C) and limited seasonal variability 

in temperatures (Lindsay et al., 1988). Additionally, precipitation was examined in July and 

August and temperatures were also explored by meteorological seasons. Digital Elevation 

Models (DEM) at 0.25 m resolution for 2017 were obtained from Instituto Geográfico 

Nacional  (2019) and were used to exclude areas under 600 m as these areas will have low 

precipitation and high temperatures not suitable for blanket bogs and it has been defined 

as the limit of blanket bogs in Spain (Pontevedra-Pombal et al., 2009). Areas of land 

identified with suitable climate and topography were then examined by grid squares 

(sectors) 30 km by 30 km to locate potential areas of blanket bog based on the presence of 

pool systems, erosion features and exposed peat visible in aerial photos (RGB) from 2017 

(Instituto Geográfico Nacional, 2019). After exploration of each sector, topographical 

factors such as rock outcrops, changes in vegetation or anthropogenic features (e.g. vehicle 

tracks) were used to define the potential extent of the peatland. Finally, an on-site 

assessment was undertaken to confirm the presence of peat and redefine the potential 

extent of the peatland based on the field assessment.  

3.2.1.2. Peat depth, volume and peatland extent 

For areas of peatland that were confirmed as blanket bogs, a systematic square grid of 

points was created using the tool Fishnet in ArcGIS 10.7. Peat depth surveys were 

undertaken between May 2017 and July 2019. Each survey point was located using a 

Garmin GPSMAP64 handheld GNSS reporting an accuracy of ± 3 m and peat depth 

measurements were collected using connectable 50 cm-length sections of steel rod (6 mm 

in diameter). Additional survey point locations were added where peat depth on the edge 

of the initial extent was greater than 30 cm using the same systematic square grid. 

Peatlands with a potential large continuous peat surface (>200 m2) were surveyed using a 

30 m by 30 m square grid and peatlands with rock outcrops or evidence of discontinuous 

areas in the peatland body were surveyed using a 15 m by 15 m square grid to provide the 

best definition of the peatland extent. Peat cores were collected from one location at five 

of the study sites and the depth determined using the auger was typically within 2 cm of 
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the depth estimated using a depth rod prior to core extraction (Table 3.2). Similar 

observations have been observed in another peatlands in these regions as the peat base 

lies directly on the bedrock with very little or no clay layer (Heras, 2002). 

 
Table 3.2. Comparison between rod measurements and peat core length. 

Peatland 
Peat depth using 

the rod (cm) 
Peat core 

length (cm) 

Zalama 248.5 246.5 

Ilsos de Zalama 230.0 229.5 

Collado de Hornaza 251.5 249.0 

La Marruya 145.5 145.0 

Malverde 296.0 294.0 

 
 
Peat depth measurements for each site were interpolated to create a map of the peatland 

using a spline algorithm in ArcGIS 10.7, and the main body of the peatland was delimited 

using a minimum peat depth of 40 cm (Cruickshank & Tomlinson, 1990). The peatland 

margins were identified as areas where peat depth ranged from 30 ς 40 cm, and the volume 

of peat at each site was determined from all interpolated peat depth values.  

3.2.1.3. Landscape characteristics   

Landscape analysis was undertaken to understand the main characteristics of the peatland 

areas through slope and aspect analyses in ArcGIS 10.7 to understand the peatland 

geomorphology and landscape context using a DEM at 0.25 m resolution (Instituto 

Geográfico Nacional, 2019).  

3.2.1.4. Statistical analysis 

Relationships between peat depth, peat volume, peat extent, aspect, latitude and 

longitude were examined using Pearson coefficient and Spearman correlation tests (if the 

data were normally distributed or not respectively). In addition, a Generalized Linear Model 

(GLM) was designed to identify the most influential factors controlling development of the 

blanket bogs identified. All statistical analyses were undertaken in R 3.6.2. 

3.2.2. Geo-hydromorphological classification 

Hierarchical classification was undertaken to classify the peatlands at mesotope level.  

Surface water flow paths for each site were determined from the DEM at 0.25 m resolution 
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from 2017 (Cantabria Government, 2019) using the hydrology tools in ArcGIS 10.7. 

Individual mesotope units were identified and mapped for each site from the hydrological 

flow patterns and peat depth (Ivanov, 1981; Lindsay, 2010). 

3.3. RESULTS 

3.3.1. Identification 

3.3.1.1. Climatic conditions and topographical analysis 

Analysis of precipitation excluded large areas with the potential for blanket bogs mainly in 

the south and west of Cantabria and the south of the Basque Country where precipitation 

was below 1,000 mm yr-1 (Figure 3.3). In terms of temperature, areas close to the coast had 

the highest annual maximum temperatures thereby reducing large areas of potential 

blanket bogs in these areas. Interestingly, some areas of Asturias where a designated 

blanket bog is present (Figure 3.1), were identified as having precipitation and 

temperatures that were suitable for this habitat and adds confidence to the method 

adopted in this research. However, when temperatures are examined by seasons, it is 

apparent that maximum temperatures across almost the entire area are greater than 15 °C 

(Figure 3.3). However, it is important to highlight that the climate models do not include 

the influence of the fog and occult precipitation, which are key for blanket bog in northern 

Spain (Heras and Infante, 2018).  

With the inclusion of topography, a total area of land between Picos de Europa and the 

Pyrenees across four regions in northern Spain covering 331,517 ha was identified as being 

suitable for blanket bogs (Table 3.3; Figure 3.4). This is particularly interesting given that 

models predicting presence of blanket bogs do not include Spain as a potential area for this 

habitat (Gallego-Sala and Prentice, 2013). 

Table 3.3. Final potential areas suitable for blanket bogs by regions. 

Region Area (ha) 

Basque Country 60,471 

Navarra 74,436 

Cantabria 84,822 

Castilla y León  111,788 

Total 331,517 
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Figure 3.3. Analysis of suitable areas for blanket bogs development between Picos de Europa 
(Asturias) and Pyrenees (Navarra). A) Precipitations, B) Temperatures, C) Topography. 
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Figure 3.4. Final suitable areas for blanket bogs. 

 

3.3.1.1.1. Identification of peatland features using aerial photos 

Within the area identified by climatic and topographic analysis, a total of 42 potential 

blanket bogs were initially identified in three of 48 square 30 km x 30 km sectors (Table 3.4;  

Figure 3.5). The most common evidence indicating the presence of a blanket bog was visible 

erosion features or exposed peat. Only a few areas had visible pool systems such as the 

recognised Zalama blanket bog located between the regions of Castilla y León and the 

Basque Country. 

Although more than 74,000 ha of the region of Navarra were identified as suitable for 

blanket bog (Table 3.3), no evidence of a single peatland was visible in the region from 

aerial photography. Only one blanket bog was identified in the Basque Country at Zalama, 

although the mire complex at Salduero located 2.5 km north-east may contain blanket bog 

elements. Salduero is, however, largely degraded and the peatland is predominantly fen 

(Chico and Clutterbuck, 2019) and therefore was excluded. The greatest number of 

potential blanket bogs identified in this research were located in the regions of Cantabria 

and Castilla y León, although the majority of these are located on the border of both regions 

along the administrative boundaries. 
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3.3.1.1.2. Ground validation of final areas 

During ground assessment a large number of the initial 42 areas identified were reduced 

or removed (Table 3.4). The most common reason was where peat was found to extend 

between identified areas thereby indicating that these form part of the same peatland. 

Three areas were so severely degraded that there was almost no peat remaining, and two 

areas were found to be fens.  

 

Table 3.4. Final number of blanket bog areas determined after ground assessment. 

 

 
 
 
 
 
 
 
 
 
 

A total of 15 blanket bogs were confirmed after ground assessment although it should be 

noted that three additional areas still require ground assessment and need to be reported 

and assessed in the future. The peat surveys focused in two main areas, the Ordunte Sector 

and the Cantabria Sector (Figure 3.5). The Ordunte sector only contains two blanket bogs: 

the protected and designated Zalama blanket bog and less than 500 m to the west an 

unprotected and degraded area. In the Cantabria Sector, a large number of blanket bogs 

are concentrated along the hill summit and would appear to represent the southernmost 

boundary of blanket bogs in Europe.  

The vegetation at all sites contained peat-forming species ǎǳŎƘ ŀǎ ƘŀǊŜΩǎ-tail cotton grass 

(Eriophorum vaginatum), common cotton grass (Eriophorum angustifolium) and Sphagnum 

spp. including Sphagnum palustre, Sphagnum fallax, Sphagnum denticulatum, Sphagnum 

cuspidatum and Sphagnum compactum. Heather (Calluna vulgaris), cross-leaved heath 

(Erica tetralix) and bilberry (Vaccinium myrtillus) were abundant. 

 

 
Number of blanket 

bogs 

Initial aerial photos exploration 42 

Same blanket bog unit -19 

Degraded (peat extraction, windfarms, others) -3 

Requires ground assessment -3 

Other peatland type (e.g. fens) -2 

Final blanket bog areas 15 
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Figure 3.5. Study areas included in this research after ground assessment. 

 

3.3.1.2. Peat depth, volume and peatland extent 

A total of 2,530 peat depth measurements were taken across the 14 currently unrecognised 

blanket bogs identified in this research and the one protected and restored blanket bog 

(Zalama). The blanket bog at Motas del Pardo covered the largest extent (10.86 ha), nearly 

twice the extent of Zalama blanket bog (6.49 ha) and Malverde, blanket bog (5.94 ha, Figure 

3.6; Table 3.5). The maximum peat depth measured for all sites ranged from 1.61 m ς 3.78 

m, and interestingly the greatest peat depth was recorded at Malverde (3.78 m), over 1 m 

more than the greatest peat depth recorded at Motas del Pardo (2.65 m) (Table 3.5). 

Despite this observation, maximum peat depth, peatland extent and volume of peat were 
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all significantly and positively correlated (see section 3.3.1.4). The mean peat depth 

determined for all sites was under 1 m and appears to show less variation than maximum 

peat depth (0.35 m ς 0.80 m; Table 3.5). Using 40 cm peat depth as the limit of the 

peatlands, the total area of blanket bog mapped covers 44.5 ha, but increases to 64.7 ha if 

the margins are included (Table 3.5). The total volume of peat estimated to be contained 

across all sites was 554,266 m3, an important value to enable estimation of the total 

amount of carbon stored in these blanket bogs in Chapter 4. 

 
Table 3.5. Peatland characteristics by study area in the Cantabrian Mountains, Spain. 

Site 
Survey 

area 
(ha) 

Number 
of survey 

points 

Altitude 
(masl) 

Location 
(degrees) 

Maximum 
peat 

depth (m) 

Mean ± 
SD peat 

depth 
(m) 

Peat 
extent 

(ha; >40 
cm depth 

Peat 
extent 

(ha; >30 
cm depth 

Peat 
volume 

(m3) 

Motas 
del Pardo 

49.50 516 1,390 
43.1114 
-3.7183 

2.65 
0.44 

± 0.37 
10.86 20.00 153,198 

Malverde 9.45 489 1,325 
43.0782 
-3.7887 

3.78 
0.84 

± 0.93 
5.94 6.49 91,262 

Zalama 21.37 225 1,330 
43.1343 
-3.4104 

2.82 
0.41 

± 0.43 
6.49 9.87 74,341 

Ilsos de 
Zalama 

7.16 81 1,280 
43.1327 
-3.4214 

2.16 
0.80 

± 0.53 
3.18 4.25 40,127 

La 
Marruya 

11.30 125 1,360 
43.1015 
-3.7543 

1.73 
0.45 

± 0.35 
2.13 4.62 35,850 

Collado 
de 

Hornaza 
7.28 84 1,280 

43.1036 
-3.7324 

2.75 
0.58 

± 0.52 
3.15 4.15 34,747 

Cotero 
Senantes 

6.14 277 1,413 
43.0854 
-3.7490 

2.47 
0.64  

± 0.52 
3.47 4.26 34,414 

Cercio 3.25 129 1,271 
43.0923 
-3.7489 

2.71 
0.75  

± 0.53 
2.00 2.26 20,624 

El Cuito 2.56 115 1,228 
43.0813 
-3.7989 

1.61 
0.71  

± 0.43 
1.67 1.87 15,657 

El Cotero 2.71 121 1,474 
43.0840 
-3.7577 

2.12 
0.58  

± 0.47 
1.41 1.76 13,671 

Sel de la 
Peña 

2.21 102 1,246 
43.0931 
-3.7522 

1.72 
0.66  

± 0.43 
1.24 1.47 11,908 

Cantos 
Calientes 

2.31 104 1,427 
43.0807 
-3.7781 

1.78 
0.63  

± 0.41 
1.01 1.29 9,903 

Cotero de 
la Osera 

1.39 63 1,492 
43.0832 
-3.7628 

2.06 
0.69  

± 0.47 
0.91 1.08 8,732 

Peña 
Ojastra 

1.32 62 1,452 
43.0809 

-3.7657 
1.97 

0.35  
± 0.18 

0.56 0.74 5,559 

El Cotero 
Sur 

0.77 37 1,481 
43.0824 
-3.7580 

1.87 
0.68  

± 0.52 
0.43 0.54 4,273 

      Totals 44.45 64.65 554,266 
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Figure 3.6. Peat depth map for each blanket bog identified in this research in the Cantabrian 

Mountains, northern Spain. 

 

3.3.1.3. Landscape characteristics and anthropogenic influences 

All 15 blanket bogs assessed in this research were located at an altitude of over 1,200 masl 

(Table 3.5). The mean slope across the blanket bogs ranged from 11.6° to 18.8° and the 

dominant aspect of the main peat body was north ς northwest, except for two blanket bogs 

at Cercio and Cantos Calientes where the main peat body had a south ς southwest aspect 

(Table 3.6). Interestingly, the maximum peat depth in each peatland was always recorded 

in the area orientated on north facing slopes.  

Evidence of anthropogenic pressures were visible in all peatlands with exception of Zalama 

blanket bog. Grazing livestock comprising horses, goats and cattle were seen at all blanket 

bogs during field surveys, but vegetation burning was only visible in the first field survey 
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campaign in 2017 at Motas del Pardo, Collado de Hornaza and La Marruya. However, 

evidence of historical burning activities was visible in all peat cores collected (see section 

4.3.1). Windfarm infrastructures were present at Cantos Calientes, Malverde and El Cuito, 

the most westerly peatlands assessed in this research.  

Table 3.6. Landscape characteristic for each blanket bog identified. 

Site 
Mean ± SD 

slope  
(degrees) 

Dominant 
aspect 

Dominant 
aspect in 

relation with 
max. peat depth 

Livestock Windfarms Tracks Burning 

Zalama 
14.5 
± 8.1 

N N     

Ilsos de 
Zalama 

11.6 
± 8.4 

E NW P  P P 

Motas del 
Pardo 

12.3 
± 6.6 

E NW P  P P 

Collado de 
Hornaza 

17 
± 8.1 

N NW P   P 

La Marruya 
15.9 
± 6.7 

NW N P   P 

Sel de la Peña 
18.8 

± 10.6 
N NW P    

Cercio 
14.9 
± 8.4 

SW NW P    

Cotero 
Senantes 

13.7 
± 8.4 

NE W P  P  

El Cotero 
14.7 
± 7.7 

N W P  P  

El Cotero Sur 
12 

± 8.8 
N NE P    

Cotero de la 
Osera 

12.8 
± 7.7 

NW NW P  P  

Peña Ojastra 
14.3 
± 9.9 

NW NW P  P  

Cantos 
Calientes 

14.9 
± 11.8 

S N P P P  

Malverde 
14.3 
± 9.8 

N N P P P  

El Cuito 
12.6 
± 9.7 

N NW P P P  

 

3.3.1.4. Statistical analysis 

Perhaps unsurprisingly there was a strong and highly significant positive correlation 

between the volume of peat and the peatland extent (r = 0.98, p < 0.001) and significant 

positive correlations between maximum peat depth and peatland extent (r = 0.59, p = 0.02) 

and between maximum peat depth and peat volume (r = 0.62, p = 0.02; Table 3.7). Of 

particular note was the identification of significant correlations between latitude and 

peatland extent (r = 0.55, p = 0.03) and peat volume (r = 0.55, p = 0.04) and between 

longitude and peatland extent (r = 0.53, p = 0.05) and peat volume (r = 0.53, p = 0.05; Table 

3.7). 
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Due to high collinearity between latitude and longitude (0.9), the longitude variable was 

excluded from the GLM. All variables combined in the model explain 96 % of peat volume 

(Adjusted R-squared = 0.96547), although individually the peatland extent and maximum 

peat depth are the most influential (Table 3.8). 

Table 3.7. Statistical analysis of peatland and landscape characteristics across all study areas. r 

values from Spearman test except A where normal distributed data was found and Pearson test was 

applied. * indicates significant. 

  
Slope 

Maximum 
peat depth 

Latitude Longitude 
Peatland 
extent  

(> 30 cm) 
Volume 

Altitude 
r -0.34A -0.05 -0.31 -0.22 -0.40 -0.45 

p 0.22A 0.86 0.26 0.43 0.14 0.09 

Slope 
r  -0.04 0.07 0.04 -0.001 -0.04 

p  0.89 0.80 0.88 0.99 0.89 

Maximum peat 
depth 

r   0.30 0.49 0.59 0.62 

p   0.28 0.07 0.02* 0.02* 

Latitude 
r    n/a 0.55 0.55 

p     0.03* 0.04* 

Longitude 
r   n/a  0.53 0.53 

p     0.05* 0.05* 

Peatland extent 
(> 30 cm) 

r      0.98 

p      <0.001* 

 
 

Table 3.8. GLM to study the variables influence in the peat volume across all study areas. * indicates 

significant. 

 Estimate SE T value Significance  

Intercept 1.97+07 2.20+07 0.90 0.397 

Altitude -3.79+01 2.82+01 -1.34 0.216 

Slope -6.13+02 1.39+03 -0.44 0.671 

Maximum peat depth 1.34+04 4.74+03 2.83 0.022* 

Latitude -4.53+05 5.06+05 -0.90 0.396 

Peatland extent (> 30 cm) 7.63+03 8.48+02 8.99 < 0.001* 

 

 

3.3.2. Geo-hydromorphological classification 

3.3.2.1. Mesotopes 
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