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Summary
At the request of Scottish Natural Heritage, on behalf of the Flow Country Peatlands
Partnership, the International Mire Conservation Group, coordinated by the Greifswald Mire
Centre, made an assessment of the global importance of the Flow Country (Scotland) using
the criteria ‘size’ and ‘quality’, the latter expressed as the non-degraded area. On the basis
of literature, personal communications, and remote sensing, a list was compiled of ‘potential
blanket bog landscapes’, which were analysed in more detail. Tropical and high mountain
areas were excluded from analysis, as well as heavily forested sites.
The analysis showed that of the ‘potential blanket bog landscapes’ with a larger gross or net
(undegraded) size than the Flow Country, three areas have no confirmed blanket bog
occurrence (Kamchatka, North Sakhalin, South Sakhalin), two areas are strongly degraded
(Central Scotland, Wales), and two sites (Falklands/Malvinas and Peninsula Mitre, both in
the extreme southern hemisphere) have a fully different blanket peat forming flora. Avalon
Peninsula and the Flow Country score equal in non-degraded landscape size, but the Flow
Country is larger in gross size. All other areas are smaller in both gross size and high quality
area than the Flow Country.
The Flow Country can thus justly be called a ‘primus inter pares’ of the blanket bog
landscapes worldwide.
1

1. Introduction
The Flow Country of Caithness and Sutherland (Scotland, United Kingdom) is widely
considered to be one of the finest examples of blanket bog landscapes worldwide (Lindsay et
al 1988). In 2012 the area has been put on the ‘tentative list’ of UNESCO World Heritage
Sites of the United Kingdom (http://whc.unesco.org/en/tentativelists/state=gb).
In an internal UK evaluation process before submission of a full application to UNESCO, the
absence of an independent report on the importance of the area was noted. The Assessment
Panel considered “that there was not a good existing international context in which to assess
the claims [that the Flow Country was one of the largest and most intact, if not the largest
and most intact, area of blanket bog in the world] though that might be developed, for
example with the assistance of the International Mire Conservation Group and/or the
International Peat Society. The panel thought that a case is made for a European level of
importance – but not for a universal one. The comparative analysis needs strengthening and
requires more clarity” (Davies 2013).
To comply with this request, Scottish Natural Heritage invited the International Mire
Conservation Group (IMCG) to evaluate the global importance of the Flow Country as a
blanket bog landscape, especially with respect to its size and quality. IMCG (www.imcg.net)
is a worldwide network of mire scientists and managers with 650 members in 65 countries.
The present report, on behalf of IMCG was prepared by the Greifswald Mire Centre (GMC,
http://greifswaldmoor.de/home.html), which organized and coordinated the input of a wide
range of IMCG members and other experts. The report builds on the MSc thesis of Isabell
Szallies (Szallies 2016). The conclusions of the report were endorsed by IMCG through
decision of its Main Board of 27 March 2016.
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2. Methods
The term ‘blanket bog’ is used with various connotations. As a first step, an analysis was
made of relevant terms, concepts, definitions and descriptions, based on an extensive
literature review (especially using the GMC Peatland and Nature Conservation International
Library PeNCIL), the World Wide Web, and personal communications and discussions within
the IMCG network. Informed by this analysis, we elaborated working definitions of ‘blanket
bog’ and ‘blanket bog landscape’. These definitions were further discussed with experts both
bilaterally and at the symposium ‘Research in the Flow Country: Taking Stock’ in Thurso,
Caithness, 27-30 October 2015.
A list of ‘known’ blanket bog landscapes worldwide was compiled on the basis of literature
(especially Lindsay et al. 1988, Tallis 1995) and personal communications, with satellite
imagery (Google Earth, Bing, STRM, see below) being used to screen additional areas. The
search image was inspired by the open, undulating appearance of the Scottish blanket bog
landscape, as blanket bog landscapes which deviate strongly from that form (e.g. densely
forested and tropical high mountain ones) have their own merit and do not compete with
the Flow Country for ‘global uniqueness’. Special attention was paid to areas with a suitable
climate for blanket bog formation (wet, cool). As blanket bog cannot be unambiguously
identified by remote sensing, we used a set of indicators, consistent with the blanket bog
definition:
 mainly ombrotrophic: derived from climate, relief (see below), and vegetation;
 peatland: derived from literature and remote sensing (e.g. typical peat extraction and
erosion patterns);
 relief: derived from stratigraphical profiles and digital elevation models (cf. Chapter 3.2).
For all candidate blanket bog landscapes, information was collected on climate, geology,
land form, peat distribution and stratigraphy, hydrologic system, cover and land use. In
addition to literature and maps, we used satellite and aerial imagery (Google
https://www.google.de/maps?source=tldso, Bing https://www.bing.com/maps/), whereas
digital elevation data were derived from the Shuttle Radar Topography Mission (SRTM, 1
sec/30 resolution, https://lta.cr.usgs.gov/SRTM1Arc). Furthermore, an inventory worksheet
was sent to IMCG members and other mire experts with regional knowledge. Potential
blanket bog landscapes were studied at a scale 1:20,000 - 30,000.
The size and quality of the identified blanket bog landscapes were then semi-quantitatively
assessed. This analysis was limited to areas of similar magnitude as the Flow Country: very
small areas were excluded.
Maps throughout this report were created using ArcGIS® software by Esri. ArcGIS® and
ArcMap™, are the intellectual property of Esri and are used herein under licence.
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3. Results
3.1 Analysis of terms and concepts
The first known reference to a blanket bog is by Young (1780) who travelled from Boyle to
Ballymote (Co. Sligo, Ireland):
“Crossed an immense mountainy bog, where I stopped and made enquiries. Found that it was ten miles long
and three and a half over, containing thirty-five square miles; […] nothing would be easier than to drain it, vast
tracts of land have such a fall, that not a drop of water could remain. These hilly bogs are extremely different
from any I have seen in England. In the moors in the north, the hills and mountains are all covered with heath,
like the Irish bogs, but they are of various soils, gravel, shingle, moor, etc. and boggy only in spots, but the Irish
bog hills are all pure bog to a great depth, without the least variation of soil, and a bog being of a hilly form is a
proof that it is a growing vegetable mass and not owing merely to stagnant water.”

Anderson (1794) described that "Most of the hills on the west coast of Scotland, and the islands of the
Hebrides, have their surface entirely covered with moss”.
Lesquereux (1844) found that ‘next to peat deposits that occur where an accumulation of standing water
took place, peat layers sometimes cover rounded-off mountain knolls and hang down over their sides like a
coat’ (all translations by HJ).

In his overview of European bogs, Osvald (1925) recognised: ‘In areas with a more distinct atlantic
climate than the one that characterises areas with real raised bogs, bogs of a fully different appearance occur.
This type I have called in my treatise [i.e. Osvald 1923] the distinct atlantic bog type. The most typical
representatives of this type are arguably the extensive “upland moors” on the Pennines in England. These
“bogs” cover the terrain completely, including plateaus, slopes, depressions and heights; they carry a very
uniform plant community, the bare Eriophorum vaginatum - association. […] Downward these mires pass into
Calluna - moors and it may not be easy, if at all possible, to draw a clear boundary between these upland
moors and the vigorously mor humus forming atlantic heaths. As a name for this type of mire one could choose
the expression “terrainbedeckende Moore” [terrain covering mires]. Also the Scottish Scirpus caespitosus –
bogs (Smith and Moss 1903, Moss 1913) that seem to form an analogue to the Eriophorum vaginatum – “bogs”
on the Pennines, certainly belong to this type.’

Osvald (1925) presented a sketch to distinguish his “terrainbedeckendes Moor” from the
other bog types of Europe (Figure 1). Instead of 'cover moss', which Osvald hitherto had
employed in English conversation, Godwin and Tansley on a joint 1935 excursion with Osvald
in Ireland suggested the term 'blanket moss' (Osvald 1949).
The term ‘blanket bog’ was then introduced in literature by Tansley (1939): “...where the rainfall
is high and the air is so constantly moist that bog is the climatic formation, not necessarily arising in fen basins
but covering the land continuously except on steep slopes and outcrops of rock. This is [besides valley bog and
raised bog] the third type of bog met within the British Isles and may be called blanket bog, because it covers
the whole land surface like a blanket.” As additional features Tansley (1939) mentioned:
“ombrogenous, the climatic climax (except where drainage is quite free) in regions of cool summers, high
rainfall and very high atmospheric humidity, i.e. extremely oceanic cool temperate climate. Surface flat or with
a light slope (under 15°): hummock formation local.”
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Figure 1: Schematic profiles through various bog types. a. Forested bog (“Waldhochmoor”),
b. True raised bog (“Eigentliches Hochmoor”), c. Flat bog (“Flach-Hochmoor“), d. Terrain
covering mire (“terrainbedeckendes Moor”). After Osvald (1925).
Moore & Bellamy (1974) coined the concept ‘blanket mire complex’, whereas Moore et al.
(1984) defined ‘blanket mire’: “In hydrological terms, blanket mire is a complex of rheotrophic and
ombrotrophic mire types, the two merging in a variety of ecotones. These mire systems themselves grade into
vegetation types beneath which shallow peats and mor humus accumulate more slowly, such a wet heath and
moorland (Ratcliffe 1964).”

Also Lindsay (1995) saw ‘blanket bog’ as a complex mire type: “Basins in the topography undergo
terrestrialisation and eventually form raised domes of peat, but given a climate typical of blanket bog the
process of paludification is capable of covering gentle slopes and plateaux with peat as quickly as, or more
quickly than, the adjoining basins develop domed bogs. [...] Features typical of blanket bog are:
 the landscape is cloaked with peat, with non-peat areas representing isolated islands or corridors [...];
 the peat is generally ombrotrophic;
 significant parts have clearly formed through paludification rather than terrestrialisation - particularly
evident on slopes;
 the shape of the peat units in most cases is derived at least in part from the shape of the underlying
terrain;
 separate hydrological units can be identified, but many are directly fused with others, rather than being
invariably separated by lagg streams;
 marked surface patterning [...];
 widespread presence of erosion features.”

Tallis et al.(1997) noticed that “the overall peat landscape in many areas of Britain and Ireland comprises
minerotrophic as well as ombrotrophic units - the "ladder fens" of northern Scotland are the best example
(Lindsay et al, 1988) - and hence the peat blanket that overwhelmingly determines the character of the
landscape can support a variety of mire communities, both "bog" and "fen" with integrated "mire complexes.

Meade (1998) articulated: “Blanket mire is a complex of mire types; it contains soligenous fen elements
within the ombrotrophic "blanket"; it is also true that it includes raised bogs developed over hollows, for
example, which would be classified separately were they not within a blanket mire macrotope.”
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Conaghan et al. (2000) took a simple approach: “Although there are a number of differing schools of
thought as to what exactly constitutes blanket bog, the habitat can be simply defined as an accumulation of
peat soil, which forms an extensive blanket over the landscape. […] It is the combination of waterlogging, low
pH and low evapotranspiration which leads to the establishment and growth of blanket bog. In contrast to
raised bog peat, which is dominated by Sphagnum remains and is relatively poorly humified, blanket bog peat
is generally reported to be dominated by sedge remains and is relatively well-humified (Walsh and Barry,
1958”). Conaghan et al. (2000) acknowledge that blanket bog is ombrogenous.

Lindsay et al. (2014) again saw blanket mire landscapes as a complex of ombrogenous and
geogenous mires and consisting of various hydromorphic mire types: “Blanket mire landscapes
[…] consist of an interconnected mosaic of individual peatland units, mostly bogs but also some fen systems,
which are each characterised by their topographic position and morphology. [...] As a minimum, the individual
peatland units of a peat-dominated landscape should be separated from true heaths and upland grasslands by
the presence of thin organic soils in these latter types. The individual mire units should then be identified and
characterised on the basis of their position in the landscape and their shape, as well as their overall hydrology.
The first two features are reasonably straightforward but the third is critical because it helps to separate bog
units fed only by direct rainfall from fens receiving water from the surrounding catchment. [...] In the uplands,
the underlying landform plays a key part in determining both location and morphology for the main centres of
mire formation […]. This gives rise to a relatively limited range of hydromorphological bog types. Watershed
bogs dominate broad watershed summits between main river systems. Saddle bogs occupy saddles between
two or more summits. Spur bogs form on terraces below the main watershed summits. Valleyside bogs hang
from lower valley sides, occupying the ground between steeper valley slopes and the river system at the valley
bottom. These basic types can also intergrade in a variety of ways. Between these bog units there may be a
range of fen systems ranging from small springs and flushes to wide flood-plain fens or basin fens.”

In hydromorphic mire classification (review in Joosten et al. 2016), blanket bogs are
considered to be mires that “cover the underlying often undulating mineral subsoil like a blanket. When
blanket bogs include areas with a distinct mound in the topography or areas with a distinct slope (> 3°), these
areas are often separately distinguished as ‘mound blanket bogs’ and ‘sloping blanket bogs’, respectively. If the
blanket bog massifs are close to flat, they are difficult to separate from plateau raised bogs and plane bogs. […]
Blanket bogs often occur in mosaic with heathlands (like the British ‘moors’) and other mire massif types.
Smaller minerotrophic fen areas may occur inside blanket bog complexes, e.g. in soaks and erosion channels.
[…] The concept blanket bog is used differently in literature. In Britain and Ireland the term is often used for
mire complexes or even for a landscape type, which also may include sloping fens, flat fens and other types of
minerotrophic mires. […] As a result many scientists use the term blanket mire and include geotrophic mires
(e.g. sloping fen) in their ‘blanket’ concept. Here we use ‘blanket bog’ solely for mire massifs that are
dominated by ombrotrophic vegetation.”

In hydrogenetic mire classification (Succow & Joosten 2001, Joosten & Clarke 2002, Joosten
et al. 2016), ‘blanket bogs’ are seen as ombrogenous ‘surface flow mires’.
Other blanket bog concepts, also from other continents and languages (cf. Szallies 2016), are
deduced from the descriptions above without adding important elements, except for
regional aspects (i.e. flora and vegetation), which are less suitable for global comparison.

3.2 Working definitions
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A global definition of ‘blanket bog’ has to encompass the prevalent ‘peatland’ and
ombrogenous character of the mire, the ‘blanketing’ peat cover, and the inclusion of nonombrogenous elements. We distinguish between ‘blanket bog’ and ‘blanket bog landscape’:
A blanket bog landscape is a landscape1 that is characterized2 by blanket bog. Blanket bog is
ombrotrophic3 peatland4, of which the surface relief5 largely follows the underlying mineral
soil (see Table 1, Figures 2 and 3).
Table 1: Explanations, indicators and comments to the working definitions.

1

2

3

4

5

Explanation
A landscape is a
characteristic part of the
terrestrial Earth surface with
a coherent appearance of
abiotic, biotic and cultural
elements (cf. Schroevers
1982, Joosten et al. 2001)
Other elements may occur,
but are not dominant on a
landscape scale
Only supplied with water
and nutrients by the
atmosphere (cf. Joosten &
Clarke 2002)

A peatland is an area with a
naturally accumulated peat
layer at the surface (Joosten
& Clarke 2002)
Peat is sedentarily
accumulated material
consisting of at least 30%
(dry mass) of dead organic
material (Joosten & Clarke
2002)
i.e. the peatland surface on
a landscape scale, not the
microrelief

peat

mineral soil

Obligatory indicator

Comments
For our purpose we define a landscape as
appearing on a kilometre-wide scale
‘Coherent’ implies regularity in the appearance
of the single elements (as in a mosaic)

Blanket bog is in area
the most important
feature
Absence of mineral soil
water indicators
among mosses and
superficially rooting
vascular plants; peat
cover also on local
water divides
Peat thickness > 30 cm
(Joosten & Clarke
2002)

A BBL may include areas that are not blanket
bog, but these elements individually cover less
area than blanket bog (Figure 3)

With macroscopically
visible plant remains

The criterion that the peat must cover slopes
(see below) implies that at least on the slopes the
peat must be of limited permeability and rather
strongly decomposed and compact up to close to
the surface (Joosten & Clarke 2002)

Peat present on
mineral slopes and hill
tops. At least some
water divides in the
ombrotrophic peatland
reflect the underlying
mineral soil water
divide

Peat should also (be able to) occur on slopes
outside depressions in the mineral landscape, i.e.
cover the landscape like a blanket. This criterion
combined with the criterion of ombrotrophy
implies that blanket bog can only be found in
areas with a large and regular atmospheric water
supply and/or little atmospheric water losses by
evapotranspiration

water divide

non-blanket bog area
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Figure 2: Pictorial explanations of the working definitions. Left: A blanket bog landscape solely
consisting of blanket bogs, i.e. ombrogenous peatlands in which the peatland’s surface relief completely
follows the underlying mineral soil and the peatland water divides reflect the underlying mineral soil water
divides. Centre: A blanket bog landscape dominated by blanket bogs but with a raised bog included. The raised
bog water divide does not reflect the underlying mineral soil water divide. Right: Although the surface relief is
again the same as in the other pictures, this landscape is not a blanket bog landscape. No blanket bogs are
present because no mineral hill top is covered by (at least 30 cm of) peat and the peatland water divide does
not reflect the water divide in the underlying mineral soil.

1.

2.

3.

4.

Figure 3: Examples of blanket bog landscape (BBL) configurations with inclusion of various
non blanket bog (BB) elements. 1. A BBL with BBs and other peatlands. BBs are dominant, the BBL solely
consists of peatland and includes all contiguous peatland. Human lineaments do not affect the delineation of a
BBL. 2. A BBL with BBs and other peatlands. Within the deliniated BBL, BBs are dominant. The BBL solely
consists of peatland but excludes part of the contiguous peatland to satisfy the 50% BB criterion. 3. A BBL with
BBs, other peatlands and mineral soil. The other peatland and mineral soil area can be included in the BBL in
order to arrive at a landscape ecologically coherent area (e.g. catchment area), as long as BBs occupy at least
50% of the total BBL area. 4. A BBL with BBs, other peatlands and mineral soil. BBs separated by mineral soil
can be included in one BBL in order to arrive at a landscape ecologically coherent area (e.g. catchment area), as
long as BBs occupy at least 50% of the total BBL area.

3.3 Blanket bog landscapes
Major potential blanket bog occurrences outside the tropics and high mountains were found
for Ireland, Great Britain, Canada, Argentina, Chile, Tasmania, New Zealand and the
Subantarctic Islands (Figure 4). No major blanket bog occurrences could be confirmed for
Kamchatka, whereas blanket bog landscapes in other parts of the world were too small to be
compared with the Flow Country.

8

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Flow Country
Central Highlands
Skye
Hoy
Orkney Mainland
Shetland Islands
Outer Hebrides
Pennines
Peak District
Wales
Exmoor
Dartmoor
Donegal
Mayo
Connemara

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Wicklow
Mountmellick
Kerry
Serra do Xistral
Avalon Peninsula
Burin Peninsula
Graham Island
Chichagof Island
Kupreanof Island
Zarembo Island
Humpback
Duke Island
Hotspur Island
Dundas Island
SW Canada

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Isla Mornington
Isla Stosch
Isla Duque de York
Isla Wellington
Isla Wellington
Isla Wellington
Isla Byron
Isla Javier
Bahia Low
Isla Gr. de Chiloé
Sandwich Island
Falklands/Malvinas
Isla des los Estados
Peninsula Mitre
Isla Navarino

46
47
48
49
50
51
52
53
54
55
56
57

W Tasmania
NW Tasmania
Birthday Bay
SW Tasmania
C Tasmania
Stewart Island
S New Zealand
Kiwi Lake
Lake Rimmer
West Kamchatka
North Sakhalin
South Sakhalin

Figure 4: Location of major potential blanket bog occurrences worldwide outside the tropics
and high mountains.
In Europe, blanket bogs are widespread over the British Isles (e.g. Osvald 1949, Gore 1968,
Moore 1972, Merryfield & Moore 1974, Hammond 1981, Chambers 1982, Doyle 1983,
Moore et al. 1984, Tallis 1991, 1998, Stoneman 1997, Bragg & Tallis 2001, Connolly et al.
2007, Figure 4: 1-18).
A large number of individual blanket bogs are mentioned for the coastal regions of south
and middle Norway and the Lofoten Islands (Hafsten & Solem 1976, Moen & Olsen 1983,
Moen 1972, 1983, 1985, Moen et al. 2011, Solem 1989, 1991, Damman 1995). Blanket bog
landscapes are, however, small (not depicted in Figure 4).
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Blanket bogs are mentioned for western Iceland (Johannesson 1960, Goodwillie 1980, Tallis
1995, cf. Glawion 1985). The organic soils of Iceland are, however, rather small in extent and
largely drained (Barthelmes et al. 2015) (not depicted in Figure 4).
The Faroe Islands also have blanket bogs (Lawson et al. 2007), but a peatland area of merely
17 km2 (Edwards & Fosaa 2016) (not depicted in Figure 4).
Blanket bogs are furthermore mentioned for the Serra do Xistral (Barreiras do Lago), Pico
Xistral, Montes dos Cabaleiros, Montas del Pardo, and Alto de Zalama (Spain, Garcia-Rodeja
et al. 2015, Heras-Pérez et al. 2016, Figure 4: 19).
The reported blanket bogs of the ‘Black Forest‘ (Germany, Sengbusch 2011), Bretagne and
the Central Massif (France, Durfort 2007, Cubizolle et al. 2012), the Giant Mountains (Czech
Republic, Osvald 1925), Terceira Island (Azores, Mendes 1998, Mendes & Dias 2016), the
Carpathian Mountains (Ukraine, Felbaba-Klushina 2010) and other such references were not
further evaluated because of the small areal extent (not depicted in Figure 4).
Along the east coast of Canada, blanket bogs are mentioned for Newfoundland, Labrador),
New Brunswick and Nova Scotia (Zoltai & Pollett 1983, Tallis 1995).
In spite of its cool maritime climate and wide variety of extensive wetlands and peatlands
(Jones et al. 2010) including raised bogs (Foster 1984, Foster & King 1984, Glaser & Foster
1984), our analyses did not reveal occurrences of blanket bog in Labrador. For Nova Scotia,
stratigraphic profiles (Auer 1930, Anderson & Broughm 1988, cf. Damman 1979) support the
existence of blanket bogs, chiefly along the Atlantic coast from Halifax to Sydney and Cape
Breton Highlands (Anderson & Broughm 1988, not depicted in Figure 4). The most extensive
blanket bog landscapes in Eastern Canada are found in the southernmost part of
Newfoundland (Avalon Peninsula and Burin Peninsula, Davis 1984, Wells & Hirvonen 1988,
Price 1992a, b, Damman 1995, Graniero & Price 1999, Figure 4: 20-21) and in New
Brunswick (Wells 1981, Pollett 1968, not depicted in Figure 4). The Avalon Peninsula lacks
forest cover and has a vast peatland area with many pools on undulating ground. The New
Brunswick area appeared in satellite and aerial imagery as highly degraded by peatextraction and was therefore excluded from further analysis.
Along the North American Pacific Coast, blanket bogs are mentioned from the north end of
Vancouver Island (Hebda 1983) northwards to Haida Gwaii/Queen Charlotte Islands and
Prince Rupert (Canada) and adjacent Alaska (USA) (Figure 4: 22-30). The archipelago is
predominantly covered by a rather dense forest on steep and rough mountainous terrain.
This area receives the most precipitation in Canada and wetlands cover up to 75% of the
terrain, but most are rather small due to constraining topography (Banner et al. 1988).
Soil maps show organic soils over the entire archipelago (Jones et al. 2010) and a large
coherent area of peatland is identifiable on Graham Island, the northern island of Haida
10

Gwaii, which is called ‘blanket bog’ by Quickfall (1984) (Figure 4: 22). The ‘slope bogs’ of this
region occur on virtually all slope positions from level terrain to very steep (up to 70%)
slopes, “hence resembling blanket bogs” (Banner et al. 1988). Flat and raised bogs cover
extensive areas of the Queen Charlotte Lowland. Slope or blanket bogs are especially
widespread on the windward Queen Charlotte Ranges, where the consistently cool, cloudy,
humid, and wet conditions cause them in some areas to occur more or less continuous from
sea level to alpine. The bogs form a “blanket mire complex”, with fens and swamps being far
less extensive than bogs (Banner et al. 2014). The peat depth reflects the underlying
topography and ranges from discontinuous accumulations less than 50 cm deep to
continuous blankets over 2 metres deep (Stephens et al. 1970). The large variety in peat
depth suggests that wet depressions in the underlying bedrock have acted as nuclei for peat
accumulation from which the ‘bogs’ expanded and coalesced over the higher areas. The peat
is extremely acid, the ash content generally low. ‘Ombrotrophic slope bogs’ with more than
1-2 m deep accumulations of Sphagnum peat are common on gently sloping and less
exposed terrain than the shallow ‘minerotrophic slope bogs’ (Banner et al. 1988). The
available profiles of such ‘sloping bogs’ (e.g. Banner et al. 1988 Figures 8-11, 8-12) do,
however, not show the typical characteristics of blanket bog, i.e. a relief parallel peat layer
and peat occurrences also on the water divides.
Blanket bogs are also mentioned for adjacent Southeast Alaska (Tallis 1995), where the
sloping peatlands are similarly forested (Stephens et al. 1970, Harris et al. 1974, D’Amore &
Lynn 2002). Also in Southern Alaska, open needleleaf forested peatlands occur that may
cover fairly steep slopes (and watersheds) in areas with very high rainfall and low
permeability (such as Glacier Bay, Prince William Sound and Kenai Fjords, Boggs et al. 2014).
In contrast the peatlands of the Aleutian Islands (cf. Shacklette & Rubin 1969, Shacklette et
al. 1969, Savinetsky et al. 2014, Tallis 1995, not depicted in Figure 4) are non forested (Boggs
et al. 2014) and may look very similar to the blanket bogs of Scotland (cf.
http://ubwp.buffalo.edu/ratislandsresearch/2015/01/21/peat-cores-on-kiskaisland/bigelow-coring-6/).
For South America, blanket bog occurrences are mentioned for the Magellanic Tundra
(Chile, Pisano 1983), Tierra del Fuego (especially Peninsula Mitre, Grootjans et al. 2014,
Iturraspe et al. 2012) and Isla de los Estados (Argentina), the Falkland Islands/Malvinas
(Pisano 1983, Diaz & Valdes 2015), South Georgia (Tallis 1995) and Gough Island (Schwaar
1977).
The Magellanic Tundra (Figure 4: 31-40, 45) consists of a complex of small islands with
peatlands and forest in a rough and steep landscape (Pisano 1983, Arroyo et al. 2005, Gardi
et al. 2014). Because of its scattered single islands, the Magellanic Tundra cannot be
characterized as a contiguous blanket bog landscape comparable in size and coherence with
the Flow Country.
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In Tierra del Fuego, peatlands generally dominate the valleys, and hillsides are covered by
forest. Its eastern part, Peninsula Mitre (Figure 4: 44), however, is a vast open peatland area
interspersed with mountainous mineral outcrops and forests. Extensive genuine blanket
mires (including ‘cushion-plant blanket bog‘, Grootjans et al. 2014) occur in Peninsula Mitre
(Iturraspe 2010, Grootjans et al. 2014, Díaz & Valdés 2015), which is covered for 45% with
peatlands of which 65% has a slope > 3% (Iturraspe et al. 2012).
The Falkland Islands/Malvinas (Figure 4: 42) have no forest cover and very extensive
peatlands. Darwin wrote in the 1830s: “The whole surface of the land is covered by a thick
bed of peat soil or peat. […] The protection from wear & tear, thus afforded to the
underlying rocks, must be more complete than perhaps in any other situation.” (Armstrong
1992). In his diary of a 4-day long cross-country ride in March 1834, Darwin noted: “nothing
could be less interesting. The country is uniformly the same; an undulating moorland”.
Similarly he wrote in 1834: “… there is no fire wood bigger than Heath & the whole country
is more or less elastic peat bog.” (Armstrong 1992). Similar to the eastern part of Peninsula
Mitre, an important vegetation component is Astelia, which forms a type of ‘blanket bog’
peculiar to the Southern Hemisphere. The peat consists of disjunct domes, which merge to
form large areas of blanket peat, particularly in the wetter parts of the islands. However
there is probably peat development occurring under most vegetation types in the Falklands
(Fenton 2014).
In Australasia, blanket bogs are mentioned for Tasmania (Australia), Stewart Island, the far
South of South Island (New Zealand) and for several islands in the Southern Pacific Ocean,
e.g. Chatham Island and the Subantarctic Islands (McGlone 2002, Selkirk-Bell & McGlone
2005, Whinam et al. 2012). The smaller islands have not been further analysed.
The ‘buttongrass moorlands’ of Tasmania (Figure 4: 46-50) are often named blanket bogs
(Pemberton et al. 2005, cf. Whinam et al. 2012) and indeed share many characteristics with
them (widespread peat cover on slope, ridge and valley; acidic environment), but often have
a more shallow peat layer (usually only 15-20 cm, Whinam et al. 2012) than the default 30
cm from the definition (Section 3.2). Also the practical distinction between ombrotrophic
and minerotrophic is unclear, as the Precambrian quartzite in Tasmania is dramatically
infertile (Whinam & Hope 2005). Tasmanian buttongrass moorlands cover about 1 million ha
of undulating terrain in the western part of the State. They occur in regions with more than
1600 mm of annual rainfall, high humidity (typically > 80%) and low evaporation, but with
relatively dry and mild summers. They are best developed on inert siliceous substrates and
extend from close to sea level to > 700 m and from relatively flat ground to slopes of > 40°.
The peat can be up to 4 m deep but mostly more shallow (Pemberton et al. 2005).
For New Zealand, blanket bog is mentioned for Stewart Island, Chatham Island and the
southern part of South Island (Whinam et al. 2012, Figure 4: 51-54). These mire areas are
small in comparison to the Flow Country.
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For Northeast Asia, blanket bog landscapes have been reported from Kamchatka and
Sakhalin (Russia), Hokkaido (Japan) and the Kuril Islands (Gore 1983, Tallis 1995, Botch &
Masing 1983).
Sakhalin (Figure 4: 56-57) has a rather high peatland density (Olenin 1956/1957). Peat
extraction is common, but in the eastern part of the island still some pristine peatlands exist.
On aerial imagery the peatlands have a flat appearance with densely occurring pools.
Minayeva (2015, pers. comm.) addressed them as "flat bogs rather than blanket bogs". Peat
stratigraphic profiles of Vlastova (1960) also support classification as raised bog or slightly
sloping mire/bog (not covering watersheds) rather than blanket bog.
A large area of mires (6 million ha) is found on Kamchatka (see maps in Olenin (1956/1957,
Figure 4: 55). Botch (1995) considered the mires in West Kamchatka, where peatlands cover
80% (2.5 mln ha) of the landscape, “to be blanket bogs which are typical for England, Ireland,
Norway and other suboceanic areas” and distinguished “two bog types on watersheds” (cf.
Neustadt 1936). Furthermore she writes: “It must be noted that Kamchatka blanket bogs
have many common features with west European ones. They cover hills, valleys, slopes,
terraces. The vegetation consists of both common species (i.e. both occurring in oceanic
Norway and Kamchatka) and eastern Siberian ones. […] High paludification of western
Kamchatka is caused by a lot of underground water moving from the mountains to the sea.
This appears in bogs in forms of streams, pools, small craters and other forms, which are
typical of the Atlantic Sea area, too.”
However, Botch & Masing (1983) show raised bog profiles as typical peat profiles for west
Kamchatka, whereas they also state: “The mire complexes of western Kamchatka are
separated into a special regional type of raised bogs”. Also Neustadt (1936) describes the
relief of the peatlands of the west coast as being convex, sometimes more, sometimes less.
The often very gently sloping landscape relief (e.g. 0.3 % over a length of almost 50 km going
from west to east) does not provide convincing evidence for the existence of blanket bog.
Botch (1995) may - while referring to ‘blanket bogs’ - have intended to highlight the
extensive ‘blanket’ character of the mire landscape, without acknowledging the special
characteristics of blanket bogs (see Section 3.2).
On the Kuril Islands only small mires are found (Botch & Masing 1983). These occur mainly
on coastal sites and are mostly degraded by peat extraction or agriculture (not depicted in
Figure 4).
Gore (1983) and Tallis (1995) describe blanket bogs for some mountains in Northern Japan
(not depicted in Figure 4). Climatic conditions suitable for the development of ombrogenous
peatlands occur in Japan only on Hokkaido and in the mountains of Honshu (Damman 1988).
The peatlands of Hokkaido are largely degraded by intensive agriculture, but small areas of
mire can be found in mountains and coastal areas (Hotes 2004, Kushiro International
Wetland Centre 1996). Damman (1988) found that, in spite of their clearly raised surface, no
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Japanese bog has a genuine ‘ombrotrophic’ vegetation but rather a poor or extremely poor
fen vegetation (cf. Sjörs 1950), which was attributed to enrichment by tephra. Damman did
not find any blanket bogs. Also because of their small extent the mires of Japan have thus
been excluded from further analysis.

3.4 Quality comparison
An overview of gross size and degradation of the blanket bog landscapes is given in Table 2
and Figures 5 and 6 (note that the blanket bog landscapes may contain substantial other
landscape types, peatland types other than blanket bog, and degraded blanket bog, cf.
Figure 3).
The largest potential blanket bog landscapes with the least degradation are West Kamchatka
55), North Sakhalin (56), Falklands/Malvinas (42) and South Sakhalin (57), of which only
Falklands/Malvinas have confirmed blanket bogs. The next in row are Central Highland
Scotland (2) and Wales (10), which both have a very substantial degraded area. Peninsula
Mitre (44) is similar in quality as the Falklands/Malvinas but smaller in size. With respect to
high quality area, Avalon Peninsula (20) and the Flow Country (1) score equal, but the latter
is larger in gross size. All other areas are smaller in gross size and high quality area than the
Flow Country.

Figure 5: Gross size of the potential blanket bog landscapes (for names of sites, see Figure 4).
Table 2: Gross size and degradation of the potential blanket bog landscapes
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Nr

Name

55
56
42
57
2
10
44
20
1
7
30
49
22
45
23
24
40
6
47
21
12
15
3
18
14
8
13
46
50
41
37
25
31
29
51
39
11
16
27
26
36
48
9
52

West Kamchatka
North Sakhalin
Falklands/Malvinas
South Sakhalin
Central Scotland
Wales
Peninsula Mitre
Avalon Peninsula
Flow Country
Outer Hebrides
South West Canada
South West Tasmania
Graham Island
Isla Navarino
Chichagof Island
Kupreanof Island
Isla Grande de Chiloé
Shetland Islands
North West Tasmania
Burin Peninsula
Dartmoor
Connemara Peninsula
Skye
Kerry
Mayo Peninsula
Pennines
Donegal
West Tasmania
Central Tasmania
South Georgia
Isla Byron
Zarembo Island
Isla Mornington
Dundas Island
Stewart Island
Bahia Low
Exmoor
Wicklow
Duke Island
Humpback
Isla Wellington
Birthday Bay
Peak District
South New Zealand

Country Gross area [km²]
RUS
RUS
UK
RUS
UK
UK
ARG
CAN
UK
UK
CAN
AUS
CAN
CHI
US
US
CHI
UK
AUS
CAN
UK
IRE
UK
IRE
IRE
UK
IRE
AUS
AUS
UK
CHI
US
CHI
US
NZ
CHI
UK
IRE
US
US
CHI
AUS
UK
NZ

33639
20121
12376
5484
13430
9922
4609
3338
5682
3222
2905
2796
2426
1616
1569
1469
1396
1480
1145
1168
1394
2134
1195
4103
1852
4925
2277
667
605
493
331
312
268
252
224
170
1676
810
161
158
145
139
1289
179
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Degraded area %
0
2
2
2
60
50
0
5
45
10
2
3
0
0
0
0
0
10
0
5
30
60
30
80
60
85
70
0
0
0
0
0
0
0
0
0
90
80
0
0
0
0
90
30

Undegraded area
[km²]
33639
19719
12129
5375
5372
4961
4609
3171
3125
2899
2847
2712
2426
1616
1569
1469
1396
1332
1145
1110
976
854
837
821
741
739
683
667
605
493
331
312
268
252
224
170
168
162
161
158
145
139
129
125

43
54
4
53
32
19
5
38
17
33
34
35
28

Isla des los Estados
Lake Rimmer
Hoy
Kiwi Lake
Isla Stosch
Serra do Xistral
Mainland Orkney
Isla Javier
Mountmellick
Isla Duque de York
Isla Wellington
Isla Wellington
Hotspur Island

ARG
NZ
UK
NZ
CHI
SPA
UK
CHI
IRE
CHI
CHI
CHI
CAN

121
109
116
98
88
108
159
34
140
17
7
6
3

0
0
10
0
0
20
50
0
80
0
0
0
0

121
109
104
98
88
87
80
34
28
17
7
6
3

West Kamchatka

North Sakhalin

Falklands/Malvinas

S Sakhalin

Wales

Central Scotland

P. Mitre
Avalon

Flow Country

Figure 6: Size/quality relation of the identified potential blanket bog areas. X-axis: gross size
(km2), Y-axis: size of undegraded area (km2).

4. Discussion
4.1 Definitions, identification and delineation
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The term ‘blanket bog’ (or blanket mire) is used with various meanings (Section 3.2),
whereas various authors do not specify their concept while discussing blanket bogs.
Two elements of the ‘blanket bog’ definition may be a source of confusion. The ‘blanket’
might be interpreted to mean a large extent. Large extents of mires always give the
impression of covering the landscape as a blanket independent of the subsoil. This is due to
their extremely high (85-95%) water content so that the surface of living mires cannot make
major ‘relief jumps’, because water cannot form static relief differences. The basic criterion
of a blanket bog is, however, also that the peatland must – at least locally - cover a
(substantial) slope. This criterion requires a very large and evenly distributed water supply
(cf. spring mires) and/or severely restricted evapotranspiration losses (Joosten & Clarke
2002).
The term ‘bog’ means that the source of water may only be atmospheric. Atmospheric
precipitation is always intermittent so that the condition of continuous water supply is not
fulfilled and restriction of water losses is paramount. Next to restricted evapotranspiration
(which is virtually impossible to stop completely) a bog with a substantial slope must have a
low hydraulic conductivity of the peat to prevent the water level from falling and inducing
oxidation, which would jeopardize the persistence of the peatland. As a purely ombrotrophic
ecosystem, a blanket bog normally has an oligotrophic acid vegetation. However, as
discharge of acid oligotrophic groundwater may also give rise to oligotrophic acid mire
vegetation, the presence of a ‘blanket bog’ can only be convincingly confirmed when an
oligotrophic acid peatland also covers the highest points in the landscape: the water divides.
A landscape rich in relief will always have places where groundwater recharge and places
where groundwater discharge are taking place. Therefore, an extensive blanket bog
landscape will never consist of only bogs but will also include groundwater fed fens. This
phenomenon has promoted the use of the terms/concepts ‘blanket mire’ (e.g. Moore et al.
1984, Solem 1989) and ‘blanket mire landscape’ (e.g. Tallis 1998, Lindsay et al. 2014). We
recommend avoiding these terms and using only the term ‘blanket bog landscape’ to stress
that blanket bogs are and must be a distinct part of the landscape and that the landscape
does not solely consists of (extensive) sloping fens or flat (non-sloping) bogs.
As peat stratigraphical profiles are generally not available, the unambiguous identification of
blanket bog requires information on the surface relief of both the peatland itself and its
mineral subsoil. Also for identification of landscape slopes and watersheds, elevation data
are required. These may, dependent on resolution, provide different perspectives, as
became apparent in the example of Kamchatka, which appeared rather flat in Google
physical imagery whereas higher resolution STRM data showed a more strongly moving
relief.
Further identification of blanket bog and bog degradation was performed by remote analysis
of surface colours and patterns and their similarity to those of the Flow Country. In this way
heavily forested areas were implicitly excluded from possible blanket bog identification. This
was considered acceptable, because in climates that support blanket bog formation, mires
are generally not heavily forested because of acidity, lack of nutrients and prevailing high
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water levels. Furthermore heavily forested blanket bogs would, should they exist, be so
different from the Flow Country that they would not compete for ‘uniqueness’.
Depending on quality, BING or Google imagery was chosen, of which the former seemed
often to be more up to date. Older imagery has generally lower resolution and poorer
contrast, brightness and colour authenticity. Seasonal variation in recording date can
hamper comparability and consistent interpretation, and landscapes in different climatic and
floristic regions and with different land use may differ substantially in remotely sensed
appearance, resulting in the same features being ascribed to different categories and vice
versa.
The methods applied are proxy studies with which potential blanket bog areas were
identified. Confirmation of blanket bog occurrences requires unambiguous descriptions in
the literature (including peat stratigraphical profiles) or ground truthing. Helpful maps and
information in this respect were provided for Tierra del Fuego, New Zealand, Great Britain,
Norway and Spain. Blanket bog is a generally undervalued resource in most parts of the
world where other mire types prevail and blanket bogs only take up minor parts. As our aim
was not to identify all blanket bog areas of the world (which would be an interesting
challenge!), but to concentrate on the major occurrences, this lack of knowledge will not
have influenced the final results substantially.
When the presence of blanket bog is confirmed by compliance to the criteria ‘covering a
substantial slope’ and ‘covering a watershed’, the question arises how far a blanket bog
massif (i.e. not a blanket bog landscape) extends beyond the slope and watershed. Does
contiguous flat ombrotrophic mire also belong to the ‘blanket bog’ or should that be
assigned to another mire type. A ‘sensu stricto’ position with respect to this criterion would
strongly decrease the incidence of ‘blanket bog’ and thus strongly influence the delineation
of blanket bog landscapes. We rather used the broad approach by including all oligotrophic
acid mires contiguous with a confirmed (slope + watershed) blanket bog in our blanket bog,
‘sensu lato’ concept.
How much blanket bog a blanket bog landscape must hold is a critical variable when
landscape size is considered an important criterion. In fact a blanket bog landscape should
derive its ‘character’ from the blanket bogs present in that landscape. Instead of such a
qualitative and subjective criterion (which would indeed better fit the individuality of the
concrete landscapes), we have set a relative, pseudo-quantitative threshold to enable
‘objective’ comparison among sites: ‘A BBL may include areas that are not blanket bog, but
these areas collectively cover less area than blanket bog’ (Section 3.2). In our reconnaissance
we applied the threshold criterion therefore rather loosely and drew the boundaries
pragmatically along natural borders, including coasts, mountains and river valleys and
focused on unforested natural areas. We do not expect that this approach influences the
robustness of the conclusions.
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4.2 Valuation
To assess the quality of blanket bog landscapes, we used ‘size’ and ‘degree of degradation’.
These two criteria constitute only two of the wide variety of quality criteria for peatland
valuation (cf. Cross 1990, Moen 1995, Joosten 1996, 2001). Size is both a direct (as larger
sites are rarer) and an indirect indicator of conservation value (as larger sites may contain
more - unknown and rare - elements), whereas larger size also reduces proportional
management costs through efficiency of scale and reduction of edge effects (Joosten 2001).
The criterion ‘degree of degradation’ is expressed as the percentage of area that is/has been
subject to peat extraction, forestry, agriculture, drainage and peat erosion, i.e. factors that
lessen the naturalness value of the site (cf. World Natural Heritage). The same factors and
associated patterns may, however, increase the value of the site as a cultural monument, i.e.
as an expression of former and present human activities (cf. Joosten 1987). Furthermore the
variable ‘erosion’ is not always an indicator of anthropogenic disturbance and degradation,
because blanket bog erosion may be not only and/or not completely anthropogenic (Tallis et
al. 1997, Evans & Warburton 2010).

5. Conclusion
The five ‘potential blanket bog landscapes’ worldwide with a larger gross size than the Flow
Country include
 two areas for which no blanket bog occurrence was confirmed (Kamchatka, North
Sakhalin in NE Asia),
 two areas, which are strongly degraded (Central Highland Scotland, Wales), and
 one site (Falklands/Malvinas) in the extreme southern hemisphere with a completely
different blanket peat forming flora (Kleinebecker et al. 2008, Grootjans et al. 2014).
When only the area of non-degraded landscape is considered, additionally only South
Sakhalin (no blanket bog confirmed) and Peninsula Mitre (similar to the Falklands/Malvinas
but smaller in size) score higher than the Flow Country. Avalon Peninsula (Newfoundland)
and the Flow Country score equal in non-degraded landscape size, but the Flow Country is
larger in gross size. All other areas are smaller in both gross size and high quality area than
the Flow Country.
The Flow Country can thus justly be called a ‘primus inter pares’ of the blanket bog
landscapes worldwide.
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