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Preface
Members of the Conservation of Arctic Flora and Fauna (CAFF) Circumpolar Flora Group (CFG) met
in Akureyri, Iceland during the period 28 January – 31st January 2011 and presented to the CAFF
Board at the CAFF Biennial. They came to Akureyri to participate in a series of CFG meetings; these
were structured as follows:
• 28-29th January– a workshop of the Circumboreal Vegetation Mapping (CBVM) group
focusing on the results of mapping prototype boreal vegetation areas
• 30th January–  a workshop on developing an International Arctic Vegetation Database
(IAVD) in the morning of followed by a half-day excursion on the natural history of
Akureyri, Iceland
• 31st January– a CAFF Flora Group workshop stressing Red Listing of Arctic & Boreal
Vascular Plants and Circumarctic Plant Portal.
• 1-3rd February– presentations to the CAFF Board.
Herein, we are pleased to combine the workshop papers, abstracts, and summaries into a single
CAFF report. The documents presented in this report follows the structure of the workshop and
accordingly is divided into three sections as indicated in the dates above. Two projects are newly
proposed CAFF projects – the International Arctic Vegetation Database (IAVD) and Circumarctic
Plant Portal. Others are works in progress such as the Circumboreal Vegetation Mapping (CBVM)
project and the Red Listing of Arctic & Boreal Vascular Plants. This report this report documents the
status of the projects and their forward progression.
Our grateful thanks to the CAFF Secretariat staff who graciously hosted the CFG workshops;
these include Tom Barry, Executive Secretary; Olga Pálsdottir, Executive Assistant; and Kári Fannar
Lárusson, Program Officer.
Stephen Talbot
July 2012

Eyafjörður in winter, Photo: Courtney Price
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Vegetation
Prototype of the Circumboreal Vegetation Map for Iceland
Gudmundur Gudjónsson*
Eythór Einarsson &
Rannveig Thoroddsen
Icelandic Institute of Natural History, Garðabær, Iceland
Abstract
The vegetation position of various areas and countries, including Iceland, has often been discussed,
first within the Circumpolar Arctic Vegetation Map (CAVM) and now within Circumboreal Vegetation Map
(CBVM) teams as part of the vegetation of the Arctic and boreal area and its classification into zones and
subzones. In spite of the fact that Iceland is just a tiny part of this vast area, its rather complex situation
is nevertheless of a certain interest. Maritime, boreal, alpine, and Arctic environmental factors are mixed
together in a complex way to form the background for Iceland's vegetation, together with its flora,
volcanic soils and climate. In this paper the vegetation position of Iceland will be discussed and two
prototypes of the Boreal Vegetation Map of Iceland will be introduced.
Keywords: Vegetation maps, Boreal, Arctic tundra, natural vegetation, Iceland
Introduction
The Circumpolar Arctic Vegetation Map (CAVM) was published in 2003 as a result of team work of scientists
on Arctic vegetation in the circumpolar region that extended over a decade. Two of the present authors
have been part of the CAVM team for Iceland. The Circumboreal Vegetation Map (CBVM) is a natural
process of that former work.
The situation in Iceland is rather complex with its maritime, alpine, Arctic and boreal environmental
factors that are mixed together in a complex way to form the background for Iceland's vegetation,
together with its flora, volcanic soils, and climate. This has in some ways caused some problems in
classification of Iceland’s vegetation zones. In this paper these problems will be discussed and a brief
overview of the position of Iceland within the CAVM. Also, the background for the prototype of the CBVM
for Iceland will be introduced and finally a few words about the cooperation of southern Greenland and
Faroe Islands in the Icelandic mapping effort for CBVM.
A Brief Background of Vegetation Classification and Mapping in Iceland
The structure of plant communities in Iceland as described and defined by the botanist Steindór
Steindórsson around 50 years ago is still the basis of vegetation maps in Iceland today. However, the
legend for the vegetation mapping has been slightly revised and simplified through the years.
According to plant sociology, Steindórsson (1961, 1981) organized plant communities into a hierarchical
classification from the simplest unit, which he called “gróðurhverfi” in Icelandic, i.e., sociation, to the most
complex unit, in his case “gróðurlendi” which is order. The sociations are based on growth forms and
dominant and characteristic species of vascular plants in the upper layers of the vegetation, therefore
considering mosses and lichens only to a limited degree.
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Originally the classification system for vegetation mapping was classified into six main vegetation
complexes: dry land vegetation, fringes, sloping fens, level fens, aquatic vegetation and sparsely
vegetated land. The main vegetation complexes were divided into 16 orders, which again were divided
into 98 sociations, the smallest units used. Sparsely or unvegetated land was divided according to the
underlying substrate into 14 substrate types.
Bioclimates in Iceland
With reference to Daniel Sánchez-Mata and Salvador Rivas-Martínez’ Bioclimatic Dossier (2010),
bioclimates in Iceland differs from most other areas in Europe. Bioclimates there are mostly boreal
oceanic and partly temperate hyperoceanic and polar oceanic. Thermo-types are boreal supra, oro
and cryoro, temperate oro and polar thermo. Ombrotypes are hyper humid and humid and partly
ultrahyperhumid. Continentality in Iceland is mostly semi-hyperoceanic and partly subhyperoceanic.
The Problem of Classifying Vegetation Zones in Iceland
Before the turn of the century the authors had been of the same opinion as many authors who had dealt
with the plant geographic position of Iceland, i.e., that the tundra vegetation of the highlands of Iceland
should be classified as Arctic or Arctic-alpine, whereas most of the lowlands belong to the Boreal zone,
mainly the North Boreal subzone (Davídsson; 1945, Steindórsson, 1964; Thórhallsdóttir, 1997). In parts of
North Iceland, however, this highland-type vegetation extends down to the coasts and becomes Arctic,
with no clear limits between the alpine and Arctic parts. The vegetation is mostly characterized by lowshrubs and dwarf-shrubs, equivalent to that of the southern hypoarctic tundra (cf. Yurtsev, 1994), but
in extensive tracts of land with desert-like vegetation due to erosion. In the boreal areas, the natural
vegetation of the lowlands is birch forest of Betula pubescens (including B. tortuosa), but a large part
has been destroyed by erosion following serious overexploitation. For the map of Iceland from 1984
(Einarsson et al., 1984), which is a part of the map of the Physical Geographical Regions of the Nordic
Countries, this same understanding of the vegetation of Iceland is followed. This is also the case with the
general overview Vegetation map of Iceland in the scale 1:500.000 (Gudjónsson & Gíslason, 1998). In the
literature, some authors (Hustich, 1960, 1970) had classified the birch forest area as a separate zone, the
sub-Arctic zone (cf. also Bluthgen, 1970) where the definitions and boundaries of this zone are discussed
further.
Some members of the CAVM mapping team, for example A. Elvebakk (cf. Elvebakk, 1999), were of the
opinion that the treelessness of the Central Highlands of Iceland were caused by alpine rather than Arctic
conditions. Therefore the Central Highlands should be separated from the Arctic northernmost lowlands
of Iceland and regarded as an alpine part of the Boreal zone. To be consistent in the CAVM mapping
of circumpolar Arctic vegetation and follow the same definitions in the North Atlantic as in the North
Pacific, only these northernmost parts of Iceland were classified as Arctic on the basis of climate, floristic
and vegetation evidence, mainly because of lack of forests in the natural vegetation.
Vegetation in Iceland at the Age of Settlement
According to the Icelandic Sagas written in the 13th century, and particularly the Book of Icelanders
(“Íslendingabók”) written around 1130 by Ari Thorgilsson the Wise, the lowlands of Iceland were covered
with woody (sic.) vegetation at the time of the settlement of Iceland by man, around 870-930. This
statement has been confirmed by pollen analysis (Einarsson, 1961, 1962; Hallsdóttir, 1995; Kristinsson,
1995). At that time, the climate in Iceland and all North Europe was milder than it became later, especially
during the cold 17th-19th centuries that were known in Iceland as “the little ice-age”. Most of this woody
vegetation (forests and scrub) was destroyed by severe over-exploitation by man, made particularly
serious by the deteriorating retrograde climate and followed by extensive soil erosion.
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In 2000, Einarsson and Gíslason compiled an overview map of the vegetation of Iceland at the time of
settlement, i.e., the period 870-930 (unpublished), effectively a hypothetical vegetation map of that
time. The map was based on all available data, literature, unpublished data and information from various
scientists. It was mainly based on the climate, particularly the summer climate, landscape, altitudinal
vegetation boundaries, information about soil remnants found at several places in the Central Highlands,
and place names. Owing to the broad meaning of the Icelandic word “skógur” (forest), which covers all
woody vegetation taller than the average height of a grown man and sometimes vegetation only around
one metre, all vegetation dominated by birch (Betula pubescens) had to be classified as birch scrub and/
or forests, as no clear lines could be drawn between them. Therefore the authors are aware that even at
the time of settlement some parts of the North Icelandic lowlands were covered only with scrub and not
by real forests. Following are two maps, one showing the time of settlement (Fig. 1) and the other, for
comparative purposes, showing the vegetation in Iceland at present (Fig. 2).

Fig. 1. Proposed vegetation in Iceland at the age of settlement.

Floristic Approach of Classifying Vegetation of Iceland
Floristically, Iceland is a mixture of the Arctic and the Boreal zones. This is easily depicted in Hulten’s
distribution groups of the Nordic flora, defined in his Atlas of the Distributions of Plants in the Nordic
Countries (Hulten, 1950). There he determined that around half of the approximately 485 natural and
naturalized species of vascular plants growing wild in Iceland had a boreal total distribution, whereas
about one-third had an Arctic-alpine total distribution. In most cases it was a low-Arctic distribution
(Einarsson, 1963, 1997; Kristinsson, 1997). Around 85 of the 485 species were probably introduced by
man (Steindórsson, 1964) and may be regarded as archaeophytes as they were most likely brought to
Iceland centuries ago. These species all have a boreal total distribution, and some of them have a very
limited distribution in Iceland and only play a minor role in the Icelandic vegetation. Some of the species
have only found suitable places to grow in warm soils in thermal areas. Leaving the archaeophytes out
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Fig. 2. Vegetation in Iceland at present.

of the boreal part, the remaining 400 species are reduced to about 40 percent of the Icelandic flora,
whereas the Arctic-alpine species make up about 41 percent, or a larger part than the boreal ones. The
percentage of boreal species is also considerably higher in Southern Iceland than in Northern Iceland.
As a part of the preparatory work for the Panarctic Flora Project, H. Kristinsson (pers. inform.) determined
that the northernmost quadrates in the 10×10 km grid system used for work on the distribution of plant
species in Iceland had a considerably higher number of Arctic than boreal species of vascular plants.
In the Floristic regions of the world, Takhtajan (1986) places the whole of Iceland in the Arctic Province,
even if such a broad understanding of the Arctic phytochorion is not acceptable to everyone. Finding it
difficult to delimit the true Arctic territories of Greenland and Iceland from the boreal oceanic ones, he
considers it better to keep them within the Arctic Province as separate subprovinces.
The Position of Iceland within the CAVM
The present authors agree with the CAVM group that the use of floristic approach alone as a criterion for
the definition of the Arctic zone, instead of the physiognomy of the vegetation (vegetation beyond the
natural treeline), is not sufficient. Both criteria should be used, especially as the physiognomy was used
as a criterion for the definition of the Arctic subzones.
Many authors have made observations on the flora and vegetation of the northernmost parts of Iceland
and published their results (Steindórsson, 1936, 1946, 1950; Davídsson, 1937; Löve, 1948; Einarsson,
1975; Hallgrímsson, 1976; Gudbergsson, 1992; Kristinsson, 1992; Kristinsson & Gudjónsson, 2000). Further
information has been gained from botanists and other people with a thorough knowledge of this area,
i.e., from the bryologist Bergthór Jóhannsson (pers. inform.).
Additionally, the present authors have made use of unpublished maps (courtesy of Th. H. Jónsson & H.H.
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Hansen) of the thermally potential species limit and treeline of birch in Iceland, derived from the growing
season temperatures and data on the empirical species limit in North Iceland, as well as corresponding
work on the birch treeline in Norway (Aas, 1964).
Bearing the previously mentioned points in mind, the authors of the Icelandic part accepted in the
beginning of the century the proposal of the CAVM working group to regard only the northernmost
parts of Iceland as a vegetation part of the true Arctic zone. This is also done to ensure consistency
between the classification used in the North Atlantic and the North Pacific.
As previously mentioned the boundary between the Arctic and Boreal zone in Iceland is based on
floristic and the physiognomy of the natural vegetation considered as corresponding to the climatic and
soil conditions of present times. The data on the potential species limit and treeline of birch in Iceland
have also been taken into account, which leads to results corresponding in most aspects to the boundary
line on the map. In a couple of places, however, this data set the boundary line somewhat further south.
Proposed and defined by CAVM Team (2003), this true Arctic part of Iceland belongs to Subzone E, lowshrub tundra. The tundra regions of the Central Highlands of Iceland may therefore be defined as alpine
tundra and classified accordingly, as Oro-Arctic in accordance with the Finnish definition (Einarsson,
2001).
Vegetation Map of Iceland in context of Natural Vegetation of Europe
Udo Bohn’s teamwork Map of the Natural Vegetation of Europe (Bohn et al., 2000) was published in 2000
in the scale 2.500.000 (Fig. 3) and also simplified and reduced to the scale 1:10.000.000 (Fig. 4). The map
depicts potential distribution of the main actual climatic and edaphic conditions. The Icelandic part of
it was constructed in collaboration with two of the present authors, Eythór Einarsson and Gudmundur
Gudjónsson. The map was prepared with regard to the immense human influence on the vegetation
of Iceland during the last millennium, and in accordance to the soil conditions and climate at present.
The result was a map that in all main parts was in harmony with the opinions of other Icelandic authors
on the classification of the vegetation of Iceland mentioned earlier. The prototype of the Boreal
Vegetation Map of Iceland, which is revealed in this paper, is considerably based on Udo Bohn’s
teamwork Map (cf. Bohn et al., 2000).

Fig. 3. Iceland on the map of the Natural Vegetation of Europe, in scale 1:2.500.000.
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Fig. 4. Iceland on the map of the Natural Vegetation of Europe, simplified in scale 1:10.000.000.

Prototype of the Circumboreal Vegetation Map of Iceland
Following are two prototypes of the Circumboreal Vegetation Map of Iceland, the first one in the scale
1:2.500.000 (Fig. 5) and the second one simplified to 1:7.500.000 (Fig. 6). As mentioned earlier the maps
are considerably based on Udo Bohn’s teamwork Map of the Natural Vegetation of Europe which was
published in 2000. The previous map is based on Bohn’s map in the same scale, but the latter is based on
the same map simplified to the scale 1:10.000.000. A description of the legend can be found in appendix
1 but a further discussion on the legend can be found in the original work (Bohn et al., 2000).
Vegetation Mapping in South West Greenland
In 1977-1981 the vegetation of 4000 km² of land in South-West Greenland was mapped with the same
method as had been used in Iceland (Gudjónsson 2010). The goal of the mapping and corresponding
research was to determine how much the sheep range could be increased without permanent effects
on the vegetation cover. The project was carried out as teamwork between the Research Institute in
Upernaviarssuk in South-West Greenland and the Agricultural Research Institute in Iceland. The project
leader was Ingvi Thorsteinsson from Iceland. The total number of maps was 35 and they were processed
in the scale 1:20.000 (Fig. 7). As a cooperative project between the Greenland Institute of Natural
Resources in Nuuk and the Icelandic Institute of Natural History all the vegetation maps of South-West
Greenland have now been computerized and linked to a database.
Future cooperation
The next steps will be that southern Greenland and Faroe Islands will be included in the Icelandic
mapping effort for CBVM. In 2009, a vegetation group under CBVM was established to map and monitor
the maritime Atlantic area that includes Southern Greenland, Iceland and the Faroe Islands. Members
of the group are Anna Maria Fossa, Guðmundur Guðjónsson and Fred Daniëls, who is the leader. The
group will work out common vegetation legends for the maps of the Boreal area of these three countries
according to the Braun-Blanquet classification method.
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Fig. 7. Overview of the 35 maps of the mapped area in
South-West Greenland.
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Appendix 1
The Natural Vegetation of the Boreal Part of Iceland
Legend structure from the Map of the Natural Vegetation of Europe
Scale 1: 2 500 000
Classification of the natural formation of Iceland – Zonal vegetation
B Arctic tundras and alpine vegetation
1 Arctic tundras
1.3 Southern Arctic tundras
6. Icelandic moss vegetation (Racomitrium lanuginosum, locally R. ericoides, Sanionia uncinata)
on young lava soils with lichens (Stereocaulon spp., Cetraria islandica, C. aculeata, Cladonia
spp. etc.) and scattered vascular plants (Carex bigelowii, Salix herbacea, Bistorta vivipara)
1.4. Arctic shrub tundras
16 Icelandic dwarf shrub tundras (Empetrum hermaphroditum, Vaccinium uliginosum, V.
myrtillus, Loiseleuria procumbens, Betula nana, Salix spp., Arctostaphylos uva-ursi, Dryas
octopetala), locally with herbaceous plants (Kobresia myosuroides, Juncus trifidus,Carex
bigelowii, Agrostis vinealis, Festuca vivipara, Anthoxanthum odoratum, Bistorta vivipara)
1.5 Mountain tundras and sparse mountain vegetation
34 Icelandic sparse mountain vegetation with herbs (Silene aucaulis, Cerastium alpinum,
Saxifraga oppositifolia, S. cespitosa, Salix herbacea, Bistorta vivipara, Carex bigelowii, Poa
alpina), crustose and foliose lichens (Lecidea, Rhizocarpon, Stereocaulon, Umbilicaria) species
and mosses (Racomitrium, Pohlia, Polytrichum species and Conostomum tetragonum)
35 Icelandic sparse mountain pioneer vegetation (Cerastium alpinum, Oxyria digyna,
Arabidopsis petraea, Leymus arenarius) on raw morainic soils, young volcanic rocks and
outwashes
C Sub-Arctic, boreal and nemoral-montane open woodlands as well, as sub-alpine and oroMediterranean vegetation
2 Western boreal and nemoral-montane birch forests (Betula pubescens s.l.), sometimes with pine forests
(Pinus sylvestris)
7 Icelandic birch forests (Betula pubescens, B. pubescens subsp. czerepanovii), with herbs and
grasses (Geranium sylvaticum, Rubus saxatilis, Galium boreale, Equisetum pratense, Avenella
flexuosa), locally with dwarf shrubs (Vaccinium uliginosum, V.myrtillus, Empetrum nigrum,
Arctostaphylos uva-ursi), partly hygrophilous with Angelica sylvestris, Geum rivale, Filipendula
ulmaria
8 Icelandic birch scrub (Betula pubescens subsp. czerepanovii) with dwarf shrubs (Vaccinium
uliginosum, Empetrum nigrum, Arctostaphylos uva-ursi, Calluna vulgaris, Betula nana, Salix
lanata), locally with herbs and grasses (Geranium sylvaticum, Rubus saxatilis, Equisetum
pratense, Avenella flexuosa, Luzula multiflora)
Classification of the natural formation of Iceland – Azonal vegetation
P Coastal vegetation and inland halophytic vegetation
1 Vegetation of coastal sand dunes and sea shores, often in combination with halophytic vegetation,
partly with vegetation of rocky sea shores
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1.1 Boreo-Atlantic sand-dune vegetation
1 Icelandic sand-dune and melt water vegetation complexes with Atriplex glabriuscula,
Mertensia maritima, Cakile maritima subsp. islandica, Honckenya peploides subsp. diffusa,
Tripleurospermum maritimum subsp. phaeocephalum in the drift-zone and on fore-dunes,
Leymus arenarius on white dunes and Festuca richardsonii, Silene uniflora, Armeria maritima on
grey dunes.
S Mires
3 Minerotrophic mires (fens)
3.2 Transitional mires (incl. nutrient-poor fens)
17 Icelandic transitional mires with Carex nigra, C. chordorrhiza, Trichophorum cespitosum
subsp. cespitosum, Eriophorum angustifolium Calliergon giganteum, Sphagnum teres, S.
papillosum, S. warnstorfii
3.3 Small sedge-brown-moss fens
22 Icelandic small sedge-brown-moss fens with Carex bigelowii, Drepanocladus spp.,
Warnstorfia tundrae, Scorpidium scorpioides, Oncophorus wahlenbergii.
Subunits of the Atlantic dwarf shrub heaths
(not mapped for reasons of scale)
E Atlantic dwarf shrub heaths
1 Boreo-Atlantic dwarf shrub heaths
E1 Rocky heaths (Calluna vulgaris, Empetrum hermaphroditum, Erica cinerea) with Juncus
squarrosus, Nardus stricta in combination with grasslands (Anthoxanthum odoratum, Avenella
flexuosa, Agrostis capillaris, Festuca rubra, F. vivipara) on Faroe islands
E2 North Norwegian coastal heaths (Calluna vulgaris, Empetrum hermaphroditum, Vaccinium
uliginosum, Racomitrium lanuginosum) in combination with ombrotrophic and minerotrophic
mires and birch swamp forests (Betula pubescens subsp. czerepanovii)
E2(b) Icelandic coastal and inland heaths (Calluna vulgaris, Empetrum hermaphroditum,
Vaccinium uliginosum, Arctostaphylos uva-ursi, Loiseleuria procumbens with Racomitrium
lanuginosum), locally with graminoids (Kobresia myosuroides, Juncus trifidus, Festuca vivipara,
Anthoxanthum odoratum,Carex bigelowii)

Laxárdalur, South Iceland, a valley which has mostly been deserted for more than half a century. Photo: Starri Heiðmarsson
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Boreal Vegetation map of the Altai-Sayan Area as a Prototype for the
Circumboreal Vegetation Map (CBVM)
Nicolai Ermakov
Lab. Ecology and Geobotany, Central Siberian Botanical Garden, Russian Academy of Sciences,
Zolotodolinskaya, 101, Novosibirsk, 630090 Russia
Abstract
A boreal vegetation map of the Altai-Sayan area (1:7.5 million) in the Russian Federation was produced as
a prototype for the proposed Circumboreal Vegetation Map (CBVM). The legend includes six hierarchical
levels:  Formation Type, Formation Group, Formation, Bioclimatic Subdivision, Geographic variants, and
Plant community. The characteristics of 19 basic vegetation subdivisions are given for the prototype
area. A bioclimatic framework based on mean annual precipitation, summer and winter temperatures
and continentality index includes a map showing the distribution of three regional bioclimates: 1.
Ultra-humid cyclonic, 2. Humid cyclonic, 3. Semi-arid anti-cyclonic. Some critical issues with the CBVM
hierarchical system are noted.
Keywords: Vegetation map, Boreal biome, Bioclimate, Altai-Sayan mountains, North Asia.
Introduction
The aim of the CBVM project is to produce a vegetation map at a scale of 1:7.5 million of the entire boreal
biome using a unified, international method for classifying and mapping boreal vegetation. The map will
provide a common legend and language for the various ecosystems that make up the boreal region with
a consistent treatment for the vegetation through legend descriptions, lists of major vegetation types,
and supplementary maps. Following the development of a draft CBVM Legend at the 2010 Helsinki
CBVM workshop, several prototype areas of the boreal region were selected to test the legend and
experiment with mapping approaches and methods. The boreal vegetation of the Altai-Sayan region of
Siberia was one of these test areas and a map was prepared.
Data and methods
Study Area
The study area is in the Altai-Sayan mountain region located in the southern part of boreal zone of
Siberia (Fig. 1). Siliceous bedrock of Proterozoic to Devonian age predominates with locally occurring
beds of limestone (Nekhoroschev 1966; Chlachula 2001). In the northern foothills the mean annual
precipitation locally exceeds 800 mm, but it decreases in the lee of the mountain ranges in the south
or southeast (Gidrometeoizdat 1966–1970; Polikarpov et al. 1986). Precipitation peaks in the summer.
Temperatures are generally higher in the northern Altai-Sayan foothills and decrease with increasing
altitude towards the south. Most of the study area is covered with natural vegetation, which is influenced
only weakly by humans except in some areas where there is livestock grazing. Natural vegetation
varies in response to the NW–SE climatic gradient. In the northern periphery of the mountain system,
the relatively oceanic, warm and wet climate supports forests with Abies sibirica, Betula pendula, Picea
obovata, Pinus sibirica, P. sylvestris and Populus tremula. The central region is characterized by an annual
precipitation of 400–700 mm, which supports a special type of light-coniferous boreal forest that
predominates at higher elevations. At lower elevations forest-steppe vegetation occurs consisting of a
mosaic of Pinus sylvestris–Betula pendula forests and meadow steppes; these forests are typical of river
valleys and intermountain basins. Further to the south, high-mountain areas are covered with shrubby
tundra dominated by Betula rotundifolia and mountain forests of Pinus sibirica, whereas valleys are
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covered with a forest-steppe
mosaic of Larix sibirica forests
and low-productivity steppes
dominated by tussock-forming
short grasses. Intermountain
valleys and plateaus in the
southernmost part of the
Russian Altai with less than 250
mm of annual precipitation are
dominated by a patchy mosaic
of steppe and tundra at drier
and wetter sites, respectively,
while forests are restricted
to small patches of suitable
habitats in river floodplains
and on north-facing slopes
(Kuminova 1960; Walter
1974; Pyak et al. 2008). A
Figure 1. Geographical location of the Altai-Sayan mountain system, Siberia.
geographical boundary
separating the North Asian
boreal biome and Central Asian steppe biome runs through the region.
Data Sampling and Analysis
The basic remote sensing data for the small-scale map of boreal vegetation of the Altai-Sayan mountain
system (1:7.5 million) were Landsat 7 satellite images and a database of geobotanical relevés that include
about 7000 descriptions of various vegetation types from all the provinces of this mountain system. The
map of the prototype area was prepared in ArcGIS-9 software.
The CBVM vegetation legend was strongly influenced by the principles used in the development of
the natural vegetation of Europe map (Bohn et al. 2003; Ermakov and Bond 2009). The following basic
principles of vegetation classification were applied in developing the prototype vegetation map of the
Altai-Sayanian mountain system as a part of CBVM to indicate:
1. The structure, physiognomy and ecology of the plant cover;
2. Division vegetation into two categories: zonal and azonal types;
3. Biogeographical principle (including vegetation types in zones, subzones and geographical
sectors, bioclimatic sectors);
4. Species composition of dominant (highest) layer;
5. Floristic criteria. Characteristic species combinations were used as the basis of geographical
and site variability, and classification was facilitated using the Braun-Blanquet system; and
6. Specific combinations of plant communities.
Results
Six levels are recognized in the most recent revisions from the CBVM meeting in Akureyri, Iceland
February, 2011. Every level corresponds to a vegetation subdivision of certain size, or to the combination
of several vegetation types predominating in landscape. All hierarchical levels, nomenclature of
vegetation units, and descriptions of the principles are indicated in Table 1.
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Table 1. Hierarchical levels, nomenclature of vegetation units, and descriptions of the vegetation mapping  principles used in
the development of a vegetation map of the Altai-Sayan mountain region.
Level

Unit

Description

1

Formation Type

Physiognomy and Structure

2

Formation Group

Zonal, Extrazonal or Azonal

3

Formation

Dominant growth form

4

Bioclimatic Subdivision

Based on climatic parameters and bioclimatic indices as reflected by vegetation,
N-S and W-E  zonation

5

Geographic variants

Based on floristic provinces and Braun-Blanquet alliances

6

Plant community

Species composition (site specific)

According to one of the CBVM principles, mapping of the potential natural vegetation was to be
undertaken within the context of climatic conditions. A bioclimatic framework was produced for the
Altai-Sayan mountain area (Fig. 2). This framework corresponds to the bioclimate system developed by
Rivas-Martínez et al. (1999) and Sánchez-Mata & Rivas-Martínez (2009, 2011) and provides an empirical
definition of the boreal macrobioclimate based on mean annual precipitation, summer and winter
temperatures and continentality index. Based on a combination of temperature and precipitation
defined by the specific bioclimatic indices, the boreal region is divided into three regional bioclimates: 1.
Ultra-humid cyclonic, 2. Humid cyclonic, 3. Semi-arid anti-cyclonic.
The legend for the vegetation map of the Altai-Sayanian mountain system is shown in Table 2 and
includes 6 hierarchical levels and 19 basic vegetation units.

Figure 2. Bioclimatic sectors of the Altai-Sayan mountain system, Siberia. Numbers refer to the three bioclimatic sectors: 1. Ultrahumid cyclonic, 2. Humid cyclonic, 3. Semi-arid anti-cyclonic.
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Table 2.  Legend for the vegetation map of the Altai-Sayanian mountain system (1:7.5 million), Siberia.
L0 Biome

Boreal

L1 Formation type

Combination (Complex) of herbaceous, shrublands and sparsely vegetated

L2 Formation group

Alpine and subnival vegetation within the boreal zone

L4 Geographic variants
and bioclimatic variants of
dominant species

Southern Siberian high mountains

L5 Plant community

Combinations of high mountain plant communities (ultra-humid bioclimatic sector):
Fruticose lichen tundra (Cladonia stellaris, C. arbuscula, C. rangiferina). Tussock tundra
(Festuca sphagnicola, Hierochloe alpina, Juncus triglumis). Dwarf-shrub-grass tundra (Dryas
oxyodonta, Festuca kryloviana, Lloydia serotina, Hierochloe alpina, Gentiana algida, Minuartia
arctica). Alpine meadows: (Aquilegia glandulosa, Schulzia crinita, Viola altaica, Gentiana
grandiflora, Dracocephalum grandiflorum). Tall forb subalpine meadows (Stemmacantha
carthamoides, Saussurea latifolia, Athyrium distentifolium, Veratrum lobelianum, Aconitum
septentrionale). Tall-forb-shrub subalpine communities (Betula rotundifolia, Salix glauca
Duschekia fruticosa). Open woodlands (Pinus sibirica, Abies sibirica, Betula tortuosa, Betula
rotundifolia, Salix glauca, Saussurea latifolia, Aconitum sajanense, Heracleum dissectum,
Veratrum lobelianum, Stemmacantha carthamoides).
Combinations of high mountain plant communities (humid bioclimatic sector):
Prostrate dwarf-shrub - grass tundra (Dryas oxyodonta, Carex ledebouriana, Hierochloe
alpina, Festuca sphagnicola, Lloydia serotina, Minuartia arctica, Thermopsis alpina), Prostrate
dwarf-shrub - lichen tundra (Dryas oxyodonta, Cladonia stellaris, C. arbuscula, C. rangiferina)
and Moss-lichen tundra (Aulacomnium palustre, Pleurozium schreberi, Cetraria islandica,
Flavocetraria cucullata, Cladonia rangiferina, C. arbuscula, C. stellaris). Rhododendron
communities (Rhododendron aureum, Rhododendron adamsii, Vaccinium myrtillus, V. vitisidaea, V. uliginosum, Phyllodoce coerulea, Carex iljinii, Cladonia stellaris, C. rangiferina, Cetraria
islandica). Shrub-moss-lichen tundra (Betula rotundifolia, Aulacomnium palustre, Pleurozium
schreberi, Arctous alpina, Vaccinium myrtillus Carex iljinii, Cladonia stellaris, C. rangiferina,
Cetraria islandica). Tussock tundra (Festuca kryloviana, F. altaica, Trisetum altaicum, Phleum
alpinum, Schulzia crinita, Sajanella monstrosa). Alpine meadows (Ranunculus altaicus,
Viola altaica, Gentiana grandiflora, Carex altaica, Lagotis integrifolia, Sibbaldia procumbens).
Subalpine meadows (Geranium albiflorum, Carex aterrima, Doronicum altaicum, Bistorta
major, Trollius altaicus, Aquilegia glandulosa). Open woodlands (Pinus sibirica, Larix sibirica,
Betula rotundifolia, Salix glauca).
Combination of high mountain plant communities in semi-humid (semi-arid)
bioclimatic sector. Lichen tundra (Alectoria ochroleuca, Cladonia stellaris, C. rangiferina,
C. arbuscula, Cetraria islandica). Shrub-lichen-moss tundra (Betula rotundifolia, Cetraria
islandica, Flavocetraria cucullata, Polytrichum commune, P. piliferum, Dicranum fuscescens,
Aulcamnium turgidum), Prostrate dwarf-shrub tundra (Dryas oxyodonta, Carex ledebouriana,
C. stenocarpa), Communities Rhododendron dauricum (Rhododendron aureum),
Cryophytic dry meadows (Kobresia myosuroides, K. simpliciuscula, Carex rupestris, C.
stenocarpa, Oxytropis alpina). Communities Caragana jubata. Cryophytic meadow-steppes
(Ptilagrostis mongholica, Helictotrichon hookeri, H. mongolicum, Festuca komarovii, F. lenensis F.
ovina, Caragana jubata), Rhododendron adamsii communities.

L0 Biome

Boreal

L1 Formation type

Forests (closed forests)

L2 Formation group

Boreal coniferous forests

L3 Formations

Dark evergreen needle leaf forests (Picea, Abies)

L4 Geographic variants
and bioclimatic variants of
dominant species

Southern Siberian mountain forests
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L5 Plant community

Altai-Sayanian pine-fir forests (Abies sibirica, Pinus sibirica) with Betula pendula, with tall-forbs,
ferns, herbs and mosses (Aconitum septentrionale, Dryopteris expansa, Diplazium sibiricum,
Oxalis acetosella, Lycopodium annotinum, Vaccinium myrtillus, Carex iljinii, Bergenia crassifolia,
Hylocomium splendens, Rhytidiadelphus triquetrus), partly with subalpine shrubs (Betula
rotundifolia, Rhododendron aureum)
Altai-Sayanian mixed birch-aspen-pine-fir forests (Abies sibirica, Pinus sibirica, Betula
pendula, Populus tremula) with tall-forbs, nemoral herbs and mosses (Aconitum
septentrionale, Milium effusum, Galium odoratum, Dryopteris expansa, Rhytidiadelphus
triquetrus, Plagiomnium cuspidatum)
Altai-Sayanian montain pine forests (Pinus sibirica), partly with Larix sibirica, Picea obovata,
with dwarf shrubs, herbs and mosses (Vaccinium vitis-idaea, V. myrtillus, Ledum palustre,
Pleurozium schreberi, Hylocomium splendens), locally with Rhododendron aureum, Betula
rotundifolia

L3 Formations

Mixed coniferous forests (Pinus, Larix, Picea)

L5 Plant community

Altai-Sayanian larch and pine-larch forests (Larix sibirica, Pinus sibirica) with dwarf shrubs
and mosses (Ledum palustre, Vaccinium uliginosum, Linnaea borealis, Hylocomium splendens,
Sphagnum girgensohnii), partly with subalpine shrubs (Betula rotundifolia, Rhododendron
aureum)

L5 Plant community

Altai-Sayanian mixed pine-spruce-larch forests (Pinus sibirica, Picea obovata, Larix sibirica) with
Betula pendula, and Abies sibirica, with dwarf shrubs, herbs and mosses (Vaccinium vitis-idaea,
Carex macroura, Gymnocarpium dryopteris, Oxalis acetosella, Hylocomium splendens)

L3 Formations

Light evergreen needle leaf forests (Pinus sylvestris)

L5 Plant community

Altai-Sayanian pine forests (Pinus sylvestris) with shrubs (Caragana arborescens, Spiraea
chamaedryfolia, Rosa acicularis) and herbs (Calamagrostis arundinacea, Brachypodium
pinnatum, Carex macroura, Pulmonaria mollis) alternating with steppes in southern slopes
(Stipa capillata, S. pennata, Festuca valesiaca, Carex pediformis)
Altai-Sayanian psammophilous pine forests (Pinus sylvestris)

L3 Formations

Deciduous needle leaf forests (Larch)

L5 Plant community

Altai-Sayanian mountain larch-birch forests (Larix sibirica, Betula pendula) with shrubs (Spiraea
chamaedryfolia, S. media) and herbs (Carex macroura, C. pediformis, Artemisia tanacetifolia,
Lathyrus humilis) alternating with meadow steppes in southern slopes (Stipa pennata, S.
capillata, Carex pediformis, Poa angustifolia, Campanula glomerata)
Altai-Sayanian mixed  pine-spruce-larch forests (Larix sibirica, Picea obovata, Pinus sibirica)
with dwarf shrubs, herbs and mosses (Vaccinium vitis-idaea, Linnaea borealis, Carex
macroura, Poa sibirica, Lupinaster pentaphyllos, Hylocomium splendens, Rhytidium rugosum),
alternating with herb-rich larch forests (Calamagrostis pavlovii, Carex pediformis, Iris ruthenica,
Pleurospermum uralense), alternating with meadow steppes in southern slopes (Helictotrichon
schellianum, H. altaicum, Artemisia frigida, Achnatherum sibiricum)

L3 Formations

Small leaf deciduous forests (Betula, Populus)

L5 Plant community

Altai-Sayanian montain aspen forests (Populus tremula), partly with Abies sibirica, Pinus sibirica,
Sorbus sibirica, and tall-forbs and herbs (Aconitum septentrionale, Cirsium heterophyllum,
Trollius asiaticus, Milium effusum)

L0 Biome

Extrazonal temperate forest-steppe

L1 Formation type

Forest-steppe

L2 Formation group

Forest-steppe within the boreal zone

L4 Geographic variants
and bioclimatic variants of
dominant species

Southern Siberian forest-steppe

L5 Plant community

Combination (complex) of larch-birch and birch (Larix sibirica and Betula pendula) grass
forests (Calamagrostis arundinacea, Rubus saxatilis, Carex macroura, Bupleurum aureum,
Cimicifuga foetida) and meadow steppes (Stipa pennata, S. capillata, Festuca valesiaca, Galium
verum, Fragaria viridis).
Combination (complex) of larch (Larix sibirica) forests, partly with Pinus sibirica, with
Calamagrostis pavlovii, Carex pediformis, Scorzonera radiata, Galium boreale and steppes (Stipa
krylovii, Helictotrichon altaicum, Koeleria cristata, Cleistogenes squarrosa, Kitagawia baicalensis)
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Combination (complex) of larch (Larix sibirica) forests, partly with Picea obovata and
Pinus sibirica, with steppes (Stipa krylovii, Agropyron cristatum, Artemisia frigida, Ephedra
monosperma) and xerophilous shrubs (Rhododendron dauricum, Caragana pygmaea,
Cotoneaster melanocarpus).
L0 Biome

Steppes

L1 Formation type

Herbaceous

L2 Formation group

Extrazonal steppes

L4 Geographic variants
and bioclimatic variants of
dominant species

Southern Siberian steppes

L5 Plant community

Large bunchgrass steppes (Stipa capillata) alternating with small bunchgrass steppes (Poa
botryoides, Arctogeron gramineum) and meadow steppes (Helictotrichon desertorum, Carex
pediformis)
Bunchgrass steppes (Stipa krylovii) and grasslands (Agropyron cristatum, Festuca valesiaca,
Cleistogenes squarrosa) alternating with halophytic vegetation.
Bunchgrass steppes (Stipa krylovii) alternating with desert-steppes (Nanophyton grubovii)
and petrophytic steppes (Stipa orientalis, Elytrigia geniculata, Atraphaxis pungens, Selaginella
sanguinolenta)

Conclusion
The prototype vegetation map of the Altai-Sayan mountain region provides a clear representation of the
vegetation for Northern Asia and paves the way for further development of the CBVM.  The prototype
area is characterized by diverse bioclimates and landforms. This diversity made the selection of the AltaiSayanian mountains an excellent representative area to test the legend and to expand the classification
into neighboring areas.
All six hierarchical levels of the CBVM legend are used to demonstrate the diversity and complex spatial
structure of boreal vegetation in this mountain system.

Figure 3. Fragment of the vegetation map of the Altai-Sayanian mountain system at scale 1:7.5 million.
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Some remarks on applied CBVM hierarchical system follow: 1) Level 1 (Formation type) is not appropriate
for vegetation complexes (combinations); 2) Level 1 (Formation type) and 2 (Formation group) are not
harmonized. Consideration should be given to their merger; 3) The higher units of the Braun-Blanquet
system (classes, orders and alliances) are essential for the geobotanical mapping of the boreal, because
they indicate both global and ecological relations of the vegetation; 4) Floristic principles play a leading
role in the CBVM legend development at hierarchal levels 3 (Bioclimatic Subdivision) and 4 (Geographic
variants); and 5) The advantage of the floristic approach is based on well-developed methods of
numerical classification and ordination. This approach clarifies ecological and geographic content of
mapping units.
Currently the vegetation map of the Altai-Sayan mountain region includes 19 vegetation subdivisions at
the basic level and is represented by 3741 contours (polygons). It is organized in a GIS with various layers
(6) of vegetation, topography, climate, soil, biogeographic zonation, etc.
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CBVM Email Suggestions (12 March 2010)
from Udo Bohn to Nicolai Ermakov
Udo Bohn†
Schleifenweg 10
53639 Königswinter, Germany
Dear Nikolai,
Thank you for the information about the first results
of the workshop. Today I studied the Proposal for the
North American legend. I came to the same conclusion
that our hierarchic system with formations on the first
level is the most useful and applicable one because it is
based on vegetation structure and applicable in all parts
of the circumboreal biome. Moreover, it includes the
zonal classification concept from north to south, from
cold to warmer climate and from high to low elevations.
(Instead of Bioclimatic regions it should be called
Bioclimatic zones!).
On the second level there could be used the system of
Biogeographic (floristic) provinces as this coincides
more or less with the distribution of dominant tree
species, characteristic species combinations and/
or formations, such as oceanic heaths, grasslands
and tall-forb communities. It can be applied for all
formations. Within each Biogeographic province you
can use the concept of sub-zones, such as Cold (North)
Boreal, Mid-boreal and Warm (South) Boreal, for further
differentiation of formations and sub-formations,
depending from the dominant vegetation types and
including the so called azonal vegetation.

Geranium in Ásbyrgi, Iceland. Photo: Courtney Price

Concerning the question of the southern limits of the boreal zone I agree with the North American
colleagues, that all hemiboreal formations, such as temperate broad-leaved forests, forest steppes and
steppes as well as American prairie parkland outside the coherent boreal zone should be excluded from
the CBVM.
Concerning the northern boundary of the Boreal zone I agree with the proposal of the American
colleagues to use the updated tree line with the help of new high quality satellite imagery.
Seral vegetation, if that means anthropogenic and other secondary vegetation caused by fire etc., I
think should not be mapped on the CBVM as it is not the potential natural vegetation (PNV). It only could
be mentioned in the explanatory text for the mapping units, or on a separate layer on the PNV map to
show the vegetation changes caused by men, fire or insect calamities.
That's all for today!
Best wishes and good progress!
Yours,
Udo

Deceased

†
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Boreal Vegetation Mapping in Conditions of a Disturbance Regime: a Case
from the Southern Boreal Subzone of the Russian Far East
Pavel V. Krestov
Botanical Garden-Institute FEB RAS, Vladivostok, Russia
Abstract
A prototype vegetation map of  the eastern Asian sector of circumboreal zone was prepared to represent
of a portion the middle and southern subzone of boreal zone that included a gradient of regional
climates from subcontinental to suboceanic. The vegetation pattern of the area is complicated because
it 1) occurs along a gradual transitional zone between typical temperate and boreal macrobioclimates;
2) has had a long historical period of fire and logging; and 3) is represented by two principal boreal
vegetation types – larch and spruce forests. Post-fire succession in the areas of spruce forests results
in the formation of spruce stands, but various factors may hinder succession from the standard
sequence. The unstable climate in combination with marginal permafrost and soil freezing regime
is greatly compounded by a diversity of substrates that make the pattern post-fire forest succession
more complicated. In the spruce forested area with low temperatures, fires have not only a direct effect
on forests, but also change the soil freezing regime and may result in different post-fire succession
sequences toward the formation of long-term larch forests. Because such forests are relatively permanent
and occupy extensive areas, it is important to show them in a map of potential vegetation in the scale
1:7,500,000.
Keywords: bioclimate; fire regime; Larix cajanderi; Picea jezoensis; soil freezing regime; vegetation
succession
Introduction
A prototype vegetation map from the middle and southern subzone of boreal zone in the southern part
of the Russian Far East was prepared to represent a gradient spanning subcontinental to suboceanic
climates. The map encompasses mountanous areas of the middle Amur through the northern part of
the Sikhote-Alin mountain range and the coasts of the Sea of Okhotsk and Sea of Japan, and includes
Sakhalin Island and the middle Kuril Islands (Fig. 1). The vegetation of this area is mostly forest and
woodlands of Larix cajanderi, which are sometimes mixed with Pinus sylvestris, and are characterstic as far
as the inland area. Picea jezoensis forests also occur; these forest are pure in the north, mixed with Abies
nephrolepis in southern mainland and with Abies sachalinensis in the insular part. Nonforested vegetation
types are represented by wet meadows of different origin; some of these are extensive enough to be
expressed on map of 1:7.5 mllion scale. The basic vegetation features of this area were summarized by
Krestov (2003).
The vegetation pattern of the area is somewhat complicated because there is a long transitional zone
between typical temperate and boreal macrobioclimates (sensu Rivas-Martínez et al. 1999) and a long
historical period of fire and logging. The latter brought about an extensive long-term transformation
of vegetation types with a basic trend of replacement of the original Picea yezoensis forest stands
with secondary Larix cajanderi forests, or with Betula platyphylla communities on sites with even more
frequent fire effects. A long fire history of a hundred years in combination with seasonally contrasting
climatic parameters resulted in the formation of complex vegetation pattern; the origin of which could
not always be correctly determined. These factors create a problem for mapping potential vegetation
and for the interpretation of mapped vegetation units. This regional issue was first approached by
Sochava (1969), who suggested an elegant way of expressing the successional stages of basic vegetation
types after catastrophic disturbances.
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Since the scale of map allows for the expression of long-lasting successional stages of vegetation (several
generations of the dominant species), this paper aims at finding the most informative way to express
the vegetation complexity of the area on a 1:7.5 million-scale vegetation map and present a method of
showing the major trends in anthropogenic vegetation dynamics.
Study Area
The key or study area represents
the deeply-dissected montane
territory. Most of mountain
ranges, especially those situated
along the coast, are stretched out
along the meridians. The main
mountain ranges are the SikhoteAlin, Vostochno-Sakhalinskiy,
and Zapadno-Sakhalinskiy on
Sakhalin Island. Kuril islands have
also notable mountain peaks with
well-expressed vertical vegetation
zones.
The mountain systems of the
key area vary greatly in origin,
Figure 1. Location of a study area in the Russian Far East.
age, height, modern geological
processes, and orientation of the
main mountain ranges. Climatic changes associated with elevation cause changes in the vegetation.
The general sequence of vertical belts in the submaritime maritime sectors of the southern Russian Far
East repeats the basic sequence of horizontal zones. From lowest to highest elevations this sequence
includes fir-spruce forests, Betula ermanii forests, dwarf-pine thickets and alpine tundra. These vertical
belts in most cases may be considered as analogs of the latitudinal zones in terms of physiognomy as
well as species composition. Depending on the region, however, the species composition of a belt may
be enriched by species from belts directly above or below.
The mountain ranges that stretch along a seacoast promote abrupt change in climate continentality
along a gradient from seacoast to the interior (inland side). The mountains, which at a maximum reach
only 2000 m a.s.l., serve as a barrier for the movement of marine air masses during the summer, but
cannot impede the movement of very cold continental air masses during winter.
Climate within the key area is formed under the influence of marine and continental air masses
characterized by a monsoon type of circulation. The increasing continentality with distance from the
seacoast causes strong heterogeneity in local climates. As a whole, climate of these areas is much more
severe in comparison with the same latitude areas of western Eurasia. Mean annual temperature in most
of area is below zero. An exception is in the southernmost part of Sakhalin and Kuril islands. Along the
sea coast the temperature decreases less rapidly than in the interior. Mean annual precipitation ranges
from 460 mm (Lower Amur) to 1250 mm (Southern Kurils). Precipitation increases with elevation in the
continental mountain systems up to 1000-1200 mm (Tarankov 1974). In the Sikhote-Alin Mt. range,
precipitation on seaward slopes is less than precipitation on slopes exposed to the interior. Snow cover in
the maritime and island regions exceeds 50 cm (Krestov et al. 2010). The mean annual air humidity within
the range of spruce does not fall below 60 percent, although this characteristic changes considerably
from region to region (Anonymous 1966–1971).
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A specific trait of the climate in the area is relatively high continentality. Even on islands (especially
Shantar Islands and on the Northern Sakhalin), climate has a rather continental appearance (Krestov
2003).
Disturbance Regimes
During the last century the area was severely affected by wildfires that especially were intensified with
settling of the area by first Russians in the mid 1800s. An unstable climate in combination with marginal
permafrost and soil freezing regime greatly multiplied the variety of substrates; this complicates post-fire
forest succession. In southern boreal spruce-dominated forest ecosystems, fire destroys not only trees
but also the forest ground floor including moss and lichen layers and organic of soil horizons. This causes
a change in the soil freezing regime and depth of the upper surface of permafrost.
Post-fire succession normally starts from well-mineralized nutrient-poor substrate with soils quickly
melting in spring and deeply frozen in the fall. In most cases this type of substrate is colonized by
lichens and ericoid dwarf shrubs; these form a cushion that insulates the soil from the direct effect of
sunshine. In the first years of succession this causes a later melting of frozen soil in the springtime and a
considerable decrease in the length of growing the season. Such post-fire substrate modification brings
about a shift from spruce forests to larch forests and woodlands that can tolerate lower soil temperature
and thinner active soil  horizons. Once they occupy a site, secondary larch forests are able to maintain
their presence during the lifespan of several larch generartions. According to the forest records of the
last hundred years,  areas of secondary larch communities within the study area have almost doubled the
size the area originally occupied by spruce which is now considerably decreased in spruce.
Because of different
disturbance regimes, the
successional status of
vegetation may be difficult
to determine. Nevertheless,
our current knowledge of
forest succession permits
us to indicate the different
successional stages on the
prototype map at a scale of
1:7.5 million. The map legend
is, therefore, able reflect:
1) primary climatic climax
vegetation, 2) secondary
vegetation appearing in postfire habitats and existing
during several generations of
dominants due to the effect of
soil frost regime without signs
Figure 2. Map of potential (A) and actual (B) vegetation in the Russian Far East.
of recovery to climatic climax
type,  and 3) the secondary
short-term vegetation (existing during the lifespan of dominant) with active recovery of original
vegetation.
The Reflection of Vegetation Diversity on the Map
Alpine Tundra
Tundra vegetation occuring within the study area only occupies mountaintops higher than 1500 m
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a.s.l. and is characterized by a closed, single-layer cover composed mainly of perennial plants, especially
dwarf-shrubs, mosses and lichens, and by the absence of larger shrubs and trees. Alpine tundra
communities vary in composition depending on the edaphic and climatic conditions of the site such
as fog, snow depth, winds,  and level of insolation. The most widespread alpine tundras are composed
of ericoid dwarf shrub and lichen communities. A regional feature of the type  is the presence of herb
tundras on sunny habitats. The area covered by tundras is very small and might initially be conditionally
reflected on the map (Fig. 2).
Subalpine Scrub
This vegetation is characterized by a dominance of dwarf trees and shrubs, the conifer Pinus pumila and
broad-leaved Alnus fruticosa s.l. Within study area it occurs in the subalpine mountain belt. In a gradient
from continental through maritime to suboceanic sectors, the vegetation gradually changes from mainly
Pinus pumila thickets from inland areas to mainly Alnus fruticosa thickets on the islands. Scattered Larix
cajanderi trees are a stable component of the vegetation and their numbers increase inland. These Larix
trees can form small forest patches in river valleys and southern slopes. In the map Fig. 2, three  principal
types of subalpine scrub are distinguished: 1) open Pinus pumila thickets with scattered larch trees with
well- developed lichen cover, which is a characteristic type of the interior mainland areas, 2) Pinus pumila
thickets with bryophytes on the ground but without  larch occur in coastal areas, and 3) Alnus fruticosa
thickets which indicate areas with suboceanic climate occur in the northern Kuril islands. The dominance
of conifers suggests previous fires which often occur in interior mainland areas but occur rarely on the
coast.
Larix cajanderi Forests
Despite the long east-west continentality and north-south temperature gradients within the study area,
there are no sharp climatically related changes in the vegetation cover. Larch forests on comparable sites
remain similar over extensive areas within ultra-continental, continental and, in the north, submaritime
climates (Fig. 3). The only physiognomically notable differences in stand dominance occur between 1)
western larch forests with significant amounts of Pinus sylvestris on zonal sites, 2) eastern forests where
larch forms pure stands with no other canopy trees, and 3) northern larch forests with Pinus pumila in the
understory (Dylis 1961). However, a brief analysis of floristic composition of physiognomically identical
larch forests showed a striking difference in their origin (Krestov et al. 2010). Phytosociological studies
of larch forests indicated the presence of two floristically related and clearly different orders belonging
to the class Vaccinio-Piceetea: the first order Lathyro-Laricetalia cajanderi is restricted to the continental
areas with high summer temperatures, but the second Ledo-Laricetalia cajanderi is more widespread
(Ermakov et al. 2002, Ermakov & Alsynbaev 2004, Krestov et al. 2009). The diagnostic species of the first
order comprise the most cold- and drought-tolerant representatives of the Central Asian geographical
element which presumably migrated into the continental regions of northern Asia in the arid periods
of the Pleistocene (Velichko, 1973). Most of its species are widespread in the continental areas of boreal
zone of Eastern Siberia and reach the eastern coast of the Sea of Okhotsk. This distributional range
reflects an area where migration of xerophytic steppe elements was most intensive during arid periods
the Pleistocene. The species of Lathyro-Laricetalia floristic complex at present barely reach the Pacific
Coast because of strong competition from Sino-Japanese floristic complex, although some members
occur in plant communities belonging to other orders in “dry” refugia on Japanese islands, Sakhalin and
Kamchatka.
The order Ledo-Laricetalia has the greatest distributional area in North Asia. They are generally
represented by primary larch forests which developed under conditions of considerable heat deficit.
The distinctive features of the communities of this order are relatively simple structure, weak coenotic
activity of the dominant species, poor species composition (Krestov et al. 2009a). Analysis of the order’s
flora shows that the maximum diversity is characteristic to communities on the western coast of the Sea
of Okhotsk, more than 70 percent of the species of the order occur in this region, while 50-70 percent of
species are common in the boreal zone of Asia (Fig. 2).
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The order Abieti-Piceetalia includes larch communities formed in conditions of cold, humid climate,
mainly in areas of the boreal zone, characterized by lack of continuous permafrost. These larch forests are
generally of afterfire origin and being the long-term stage of post-fire succession. The main dominant
is Larix cajanderi, but species of Picea and Abies often present as undergrowth or subtree layer. Over
70 percent of the species occur in a relatively confined space, comprising Sikhote-Alin Mountains
and mountain systems of Hokkaido and the southern Kuril Islands. Analysis of distribution of species
constituting the order’s communities showed their association with mountain and humid areas of
southern and middle subzones of boreal zone, while the most complex and diverse communities spread
in the upper mountain belt of northern subzone of temperate zone in the maritime sector.
Paludified larch forests and woodlands also known as larch mires are widespread along the Pacific coasts
(Krestov et al. 2009). They mostly represent the primeval vegetation, treated by phytosociologists as fens
and bogs. The most extensive areas occupied by this vegetation type occur in the northern part of Amur
basin. All these extensive forests are characterized by a complex of widely distributed forest species
that occur in paludified areas including Ledum palustre, Betula divaricata, Vaccinium uliginosum, Carex
globularis, C. pallida, C. iljinii and by a complex of hygrophytic bryophytes with circumboreal distribution
(Ermakov et al. 2002). The distinctiveness of this floristic complex led to the uniting of a wide range of
paludified forests into the order Ledo-Laricetalia (Ermakov 2003); however, the use of edaphic conditions
as a major species complex integrating factor as well as a well-developed mire microtopography
result in an order utterly diverse and even contrasting in species composition throughout its different
geographical regions. Despite their close relation to mires, most species of the diagnostic complex of
Ledo-Laricetalia such as Carex
pallida, Ledum palustre, Sphagnum
girgensohnii and Vaccinium
uliginosum have very wide
ecological range and appear in
very different and ecologically
contrasting vegetation types,
especially after disturbance that
opens the canopy and  improves
light conditions.

Figure 3. Graphical representation of the probability of occurrence of zonal east Asian
communities of selected vegetation orders in combination of five bioclimatic indices:
Wk, Ck, IC, IOE and PN calculated from models (Nakamura et al. 2007). The orders
abbreviated as in Table 1. White – probability of occurrence < 50 %, grey – probability
50-70 %, black – probability > 70 %.

The study area includes the
southeast edge of the range of
larch forests. The prototype map
reflects a transition between the
middle boreal and southern boreal
larch forests types (Fig. 2). In the
last hundred years, fires have
caused a large expansion of larch
forests sites formerly occupied by
spruce forests (Fig. 2B).

Picea jezoensis Forests
The range of the Picea jezoensis (Yezo spruce) forests include the northern part of Sikhote-Alin Mountain
range, western coast of the Sea of Okhotsk, Shantar Islands, Sakhalin Island, the southern Kurils (Iturup
and Kunashir Islands) and Hokkaido. Locations isolated from the main range are found in the middle part
of Honshu Island (Picea jezoensis var. hondoensis) (Numata et al. 1972), the middle part of Kamchatka
(Manko & Voroshilov 1978), Korea (Song 1992) and northeast China in the Dunlin Mountain  range (Wang
1961).
Within the study area the Yezo spruce forests occur irregularly, forming different areal proportions with
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the other forest types of the region. Spruce forests may be considered as the zonal vegetation type in the
lower part of the Amur River basin (the Sea of Okhotsk coast), Sakhalin Island, and the southern Kurils
(Iturup Island) (Kolesnikov 1961). The Yezo spruce forms stands in the lowest vegetation belt within an
elevation interval from a sea level to the timberline or to the altitudinal belt of Betula ermanii forests in
northern temperate and boreal zones. Abies nephrolepis in the mainland and Abies sachalinensis in the
island part of the area are the important co-dominants in the stands. In the northern portion of range
including northernmost points of Schmidt peninsula (Sakhalin) and Maya River basin in the continental
part of range, Yezo spruce forms pure stands without fir.
All Picea jezoensis forest communities occurring within study area belong to the class Vaccinio-Piceetea,
and are characterized by Vaccinium vitis-idaea, Linnaea borealis, Orthilia secunda, Listera cordata, Goodyera
repens, Phegopteris connectilis, Sphagnum girgensohnii, Hylocomium splendens, Pleurozium schreberi,
Dicranum majus and Rhytidiadelphus triquetrus. This class represents the zonal boreal Asiatic vegetation in
the northern hemisphere; in the eastern sector of Eurasia it is bordered on south by the orders Quercetea
mongolicae on the mainland and Fagetea crenatae in the insular part, and on the north with BetuletoRanunculetea in Kamchatka.
Bioclimatic modelling indicates that spruce forests in the study area generally occupy the maritime
area (Fig. 3). Their bioclimatic range appears to be narrower than actual range, and this fact have logical
explanation. Outside the area, where spruce forests are supported by the modern regional climate,
there are many refugia with relatively big tracks of spruce forests that remained after their expansion
in mid-Holocene time. Presently these forests survive in climatic conditions with a well-expressed
moisture deficit due to the trapping of damp air masses by the mountain ridges. Most of outlying spruce
forest tracks represent important modern refugia for Yezo spruce and other species integrated in their
ecosystem.
At the ordinal level these spruce forests are classified as Abieti-Piceetalia Miyawaki et al. 1968 (Krestov &
Nakamura 2002). The Abieti-Piceetalia order occurs in submaritime, maritime and oceanic sectors of the
Asian boreal zone.
Abieti-Piceetalia includes five alliances (Krestov & Nakamura 2002), of which three are represented in
the study area. Piceion jezoensis and Abieti nephrolepidis-Piceion jezoensis Song 1991, represent zonal
vegetation in southern boreal and oroboreal zones of mainland and insular parts of Asia respectively. The
difference between these alliances is due to the influence of the Manchurian and Japanese temperate
flora. The species composition of both alliances includes a well-developed boreal nucleus characteristic
for class and order; however, there are many species of temperate nature among the diagnostic
species such as Sasa kurilensis and Ilex rugosa on islands and Pinus koraiensis, Acer tegmentosum and
Thalictrum tuberiferum in mainland regions. Pure spruce forests without Abies developed in extreme
climatic conditions for spruce; they characterized by species which are commonly distributed in the
circumboreal/transeurasian boreal zone (Pleurozium schreberi, Hylocomium splendens, Ptilium cristacastrensis, Vaccinium vitis-idaea, Maianthemum bifolium, etc.) belong to the alliance Vaccinio vitis-idaeaPiceion jezoensis.
Major stages of short-time post-fire succession include the Betula platyphylla and/or Populus tremula
forests; these usually exist during the lifespan of one generation of birch or poplar. During this time the
spuce and fir restore their numbers under the canopy of broadleaved species. This type of succession
may last about 100 years, unless fire affects forest stands again. Despite their short time of succession,
the secondary white birch and aspen forests may cover very extensive areas, which are generally free of
permafrost.
Longer-term succession occurs when physical and/or chemical substrate properties are deeply
transformed by fire and soil freezing regime, or if permafrost regime has been changed. In this case, areas
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that used to be occupied with spruce are covered by larch forests variying in structure from closed, welldeveloped forests to open woodlands. Change from spruce to larch is accompanied by a shortening of
the growing season due to later melt of upper soil horizon, thinning the active soil horizon due to the
insulation of permafrost from the sunshine, and accumulated organic materials. Once the site is occupied
by larch, it can support this forest type a long time lasting – as much as several generation of larch.
Secondary larch forests are widely distributed in a study area and their structure and species composition
is sometimes indistinguishable from primeval larch forests.
Betula ermanii Forests
A special position among the boreal vegetation types is occupied by peculiar forests of Betula ermanii,
which occur the main area of Kamchatka. These forests occupy the lower forest belt in the southern half
of the peninsula with a suboceanic climate (Krestov 2003, Neshataeva 2010). Betula ermanii communities
belong to the class Betulo-Ranunculetea acris (Ohba 1974) and are provisionally related to the order
Betuletalia ermanii (Krestov 2008). Most of the species constituting this vegetation type, unlike other ones
in boreal zone, occur along the Pacific coast, which includes mainland Asia and related islands within
boreal and northern subzone of temperate zones. Within the study area this forest type can only be seen
in the middle Kuril Islands (Fig. 2).
Long-term Secondary Forests
Post-fire succession in areas of both dark-conifer and light-conifer deciduous forests leads to the
formation of spruce stands, but various factors may prevent succession from the standard sequence;
these factors include substrate mineralization and erosion rates, climatic advantages for companion
species or potential competitors (inhibitors), and presence or absence of seed sources. The fastest
regeneration of spruce forests after wildfire occurs when: 1) the soil is not eroded after fire and still
contains its fine particle fraction, 2) seed sources are nearby, and 3) spruce seeds reach the site in the first
year(s) after fire. In this case, complete regeneration requires 100–180 years.
Herb and shrub communities appear on the burned sites in the first year after a fire. The first plants,
Chamerion angustifolium, Rubus sachalinensis and Sambucus racemosa, form a sparse cover creating
favorable conditions such as substrate stabilization and  reduced evaporation from sunny sites for
germination and growth of tree species. In the next year or two, grasses (Calamagrostis langsdorffii)
and sedges (Carex campylorhina, C. sordida) form a dense herb cover, inhibiting germination by woody
species. If unfavorable weather conditions prevent the arrival or germination of spruce seeds in the first
year (or two), development of a spruce stand may be delayed considerably.
In the next stage, Betula platyphylla or Larix cajanderi forms a closed forest stand with spruce developing
under the canopy, because of its shade tolerance. Birch and spruce then tend to grow normally until the
birch reaches its age limit of 100–120 years and begins to die. Then a pure spruce or a spruce-fir stand
can develop.
Thus, in the  a of spruce-fir forests, stands with mainly spruce form 90–100 years after fire. Recovery of
spruce forest under a larch canopy takes different amounts of time and varies between regions. Kozin et
al. (1981), working in the middle Sikhote-Alin, reported a closed spruce subcanopy growing under larch
after 34 years, Baburin (1976) reported this development on the upper Bikin Plateau after 50–60 years,
and Kartashov (1984) indicated it occurred on Sakhalin Island after 50 years. However, Glagolev (1984)
described stands in the northern Sikhote-Alin in which larch continued to dominate 200–250 years after
fire, with only individual spruce trees under the canopy.
Post-fire development of spruce forests through the larch stage remains poorly investigated in the
Russian Far East. Seral pure larch stands without spruce saplings may be formed in the first years after fire
due to lack of a spruce seed source or a poor crop of seeds. Absence of spruce may often be explained by
arrival of spruce only after a dense grass cover had already formed. The grass cover may be transformed
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into a dense dwarf-shrub cover (Vaccinium vitis-idaea, Ledum palustre) which is peculiar to larch forests;
this cover inhibits the successful establishment of viable spruce and results in long-lasting seral larch
stands. The simultaneous establishment of spruce and larch saplings in most cases supports the
formation of a spruce subcanopy with complete replacement of larch by spruce, after the larch canopy
breaks up.
Table 1. Draft legend for the prototype of the eastern Asian sector of circumboreal zone representing a portion the middle and
southern boreal subzone in the Russian Far East.
Legend
codes*

Icon

Map unit

Vegetation units

Interior Asian humid dwarf shrub (Vaccinium uliginosum, Loiseleuria procumbens,
Phyllodoce coerulea, Empetrum sibiricum) Diapensia obovata) alpine tundra with
mosses (Aulacomnium palustre, Polytrichastrum alpinum, Polytrichum strictum,
Ptilidium ciliare) and lichens (Cladonia spp., Flavocetratia cucullata, F. nivalis,
Thamnolia spp.).

LoiseleurioVaccinietea

B.1
D.1.2

Northeast Asian subalpine dwarf pine (Pinus pumila) mainland communities with
Betula divaricata, Rhododendron aureum, with dwarf shrubs (Vaccinium uliginosum,
Cassiope ericoides, Ledum decumbens) and lichens (mainly Cladonia spp.)

unknown alliance
and order
(LoiseleurioVaccinietea)

B.1.a
D.1.2

Post-fire scattered larch (Larix cajanderi) woodland with dwarf pine (Pinus pumila)
and lichens on the place of B.1.

LoiseleurioVaccinietea

B.2
D.1.3

Northeast Asian coastal and insular (Kamchatka, Sakhalin, Kurils sub-alpine dwarf
pine (Pinus pumila) thickets with Sorbus sambucifolia, Rhododendron aureum,
with mosses (Pleurozium schreberi, Hylocomium splendens, Ptilium crista-castrensis,
Sphagnum girgensohnii)

Vaccinio-Pinion
pumilae (VaccinioPinetalia pumilae,
Vaccinio-Piceetea)

B.3
not in the
legend

Northeast Asian heavy-snow areas’ (east of Kamchatka, Kurils) subalpine dwarf
alder (Alnus fruticosa) thickets with Dryopteris expansa and tall herbs (Aconitum
maximum, Veratum oxysepalum, Filipendula kamtschatica, Senecio cannabifolius)

Alnion maximowiczii (Betuletalia
ermanii, BetuloRanunculetea)

A. Alpine tundra
A.1
C

B. Subalpine scrub

C. Middle boreal
C.1
F.3.7.1

South Yakutian montane pine forests (Pinus sylvestris) with Larix cajanderi, with
??? (LathyroRhododendron dahuricum, with dwarf shrubs (Vaccinium vitis-idaea, Ledum palustre) Laricetalia,
and mosses (Pleurozium schreberi, Rhytidium rugosum)
Vaccinio-Piceetea)

C.2
F.4.3.2

Northeast Asian subalpine open larch woodlands (Larix cajanderi, L. gmelinii) with
Betula divaricata, Pinus pumila, with dwarf shrubs (Ledum palustre, Rhododendron
aureum, Vaccinium vitis-idaea, V. uliginosum) and lichens (Cladonia spp., Cetraria
spp.), alternating with subalpine Pinus pumila and Betula divaricata shrub
communities and alpine tundras

Rhododendro
aurei-Piceion
(LoiseleurioVaccinietea,
Vaccinio-Piceetea)

C.2.a
F.4.3.5

Post-fire larch (Larix cajanderi) woodland with pine (Pinus sylvestris) with with
Rhododendron dahuricum, with dwarf shrubs (Vaccinium vitis-idaea, Ledum
palustre) and lichens (Cladonia spp.) on place of C.1.

??? (LoiseleurioVaccinietea,
Vaccinio-Piceetea)

C.3
F.4.3.12

Okhotian montane continental larch forests (Larix cajanderi), partly with Betula
platyphylla, with shrubs (Alnus fruticosa, Spiraea betulifolia, S. salicifolia, Pinus
pumila), dwarf shrubs (Ledum palustre, Vaccinium vitis-idaea, Rubus arcticus), grasses
(Carex globularis, Calamagrostis langsdorffii) and mosses (Hylocomium splendens,
Pleurozium schreberi, Ptilidium ciliare)

Ledo-Laricion
cajanderi (LedoLaricetalia,
Vaccinio-Piceetea)

C.3.a
F.5.5

Post-fire birch (Betula platyphylla) and larch (Larix cajanderi) forests and woodlands
with shrubs (Rubus sachalinensis, Spiraea betulifolia, Pinus pumila), dwarf shrubs
(Ledum palustre, Vaccinium vitis-idaea, Rubus arcticus) and grasses (Carex globularis,
Calamagrostis langsdorffii) on the place of C.3.

???

C.4
F.4.3.15

Sakhalin larch forests (Larix cajanderi) on sand deposits with Pinus pumila in the
understory and lichens (Cladonia spp., Stereocaulon spp.).

JuniperoLaricenion
(Abieti-Piceetalia
jezoensis, VaccinioPiceetea)
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C.5
not in the
legend

Sakhalin Pinus pumila thickets with scattered larch trees (Larix cajanderi) on sand
deposits with dwarf shrubs (Ledum decumbens, Salix myrtilloides, S. pulchra) and
lichens (Cladonia spp., Stereocaulon spp.).

??? (LoiseleurioVaccinietea, Vaccinio-Piceetea)

C.6
F.1.2.1

North Okhotian (Kamchatka, Northernmost Sakhalin and northern-central
Okhotia) montane spruce forests (Picea jezoensis), partly with Betula ermanii,
Larix cajanderi, with dwarf shrubs, herbs (Cornus suecica, Linnaea borealis, Oxalis
acetosella, Dryopteris expansa, Maianthemum dilatatum) and mosses (Hylocomium
splendens, Pleurozium schreberi, Ptilium crista-castrensis)

Pino pumilaePiceion jezoensis
(Abieti-Piceetalia
jezoensis, VaccinioPiceetea)

C.6.a
F.4.3.15

Post-fire larch (Larix cajanderi) forests and woodlands with regeneration of spruce
on the place of C.6.

??? (AbietiPiceetalia
jezoensis, VaccinioPiceetea)

C.7
not in the
legend

Kamchatka and Kuril stone birch forests (Betula ermanii) with tall herbs (Senecio
cannabifolius, Cirsium kamtschaticum, Aconitum maximum, Angelica ursina,
Veratrum oxysepalum, Filipendula camtschatica) in combination with Alnus fruticosa
and Pinus pumila thickets and tall herb meadows.

Betulion ermanii
(Betuletalia
ermanii, BetuloRanunculetea)

D.1
F.4.3.13

Amur montane larch forests (Larix cajanderi), partly with Betula platyphylla, with
shrubs (Spiraea salicifolia, Lonicera caerulea), herbs (Calamagrostis langsdorffii,
Saussurea amurensis, Filipendula palmata, Equisetum sylvaticum) and sparse moss
layer, in combination with Picea jezoensis forests on warmer and wetter slopes

Ledo-Laricion
(Ledo-Laricetalia,
Vaccinio-Piceetea)

D.1.a
F.5.5.2

Post-fire larch forests and woodlands with greater portion of Betula platyphylla in
combination of extensive area with post-fire forest regeneration and grasslands of
Calamagrostis langsdorffii and Epilobium angustifolium on the place of D.1.

??? (LedoLaricetalia,
Vaccinio-Piceetea)

D.1.b
not in the
legend

Grasslands of Calamagrostis langsdorffii and tussock sedges (Carex appendiculata,
C. minuta, C. schmidtii) with scattered larch (Larix cajanderi) and birch (Betula
platyphylla) trees after regular and heavy fire impact on the place of D.1.

Calamagrostetea
langsdorffii

D.1.w
L (not
in the
legend)

Okhotian paluded larch forests and woodlands (Larix cajanderi) of plains with
shrubs (Betula divaricata, B. fruticosa, Salix myrtilloides), dwarf shrubs (Ledum
palustre, Ledum hypoleucum), herbs (C. appendiculata, Calamagrostis langsdorffii)
and mosses (Sphagnum spp., Aulacomnium spp., Ptilidium ciliare)

Ledo-Laricetalia
(VaccinioPiceetea);
OxycoccoSphagnetea

D.2
F.1.2.2

Far Eastern maritime (Sikhote-Alin Mts.) montane mixed fir-spruce forests (Picea
jezoensis, Abies nephrolepis, sometimes Pinus koraiensis) with Acer ukurunduense,
Euonymus macroptera, Rosa acicularis, with herbs (Cornus canadensis,
Maianthemum bifolium, M. dilatatum, Aconitum umbrosum, Carex falcata, C.
xyphium) and mosses (Hylocomium splendens, Pleurozium schreberi)

Abieti
nephrolepidisPiceion jezoensis
(Abieti-Piceetalia
jezoensis, VaccinioPiceetea)

D.2.a
F.4.3.13

Post-fire and post-logging long term (more than one generation) larch (Larix
cajanderi) forests with dwarf shrubs (Ledum palustre, Ledum hypoleucum, Vaccinium
vitis-idaea), herbs (Cornus canadensis, Maianthemum bifolium, M. dilatatum) and
mosses (Hylocomium splendens, Pleurozium schreberi) on habitats with postponed
spring soil melting on the place of D.2.

???

D.2.b
F.5.5

Post-fire and post-logging short-term (one genetation) birch (Betula platyphylla)
???
forests with shrubs (Rosa acicularis, Spiraea betulifolia, Spiraea salicifolia, Sorbaria
sorbifolia), herbs (Cornus canadensis, Maianthemum bifolium, M. dilatatum,
Aconitum umbrosum, Carex falcata, C. xyphium), with spruce and fir regeneration on
the place of D.2.

D.3
F.1.2.2.

Far Eastern insular (Sakhalin, Hokkaido, South Kurils) montane mixed spruce-fir
(Picea jezoensis, Abies sachalinensis) forests with ferns (Leptorumohra amurensis,
Dryopteris expansa), small herbs (Cornus canadensis, Maianthemum dilatatum),
mosses (Hylocomium splendens, Pleurozium schreberi, Rhytidiadelphus triquetrus),
and representatives of Japanese flora in the southern part (Sasa kurilensis, S.
senanensis, Skimmia repens)

D. Southern Boreal

Piceion jezoensis
(Abieti-Piceetalia
jezoensis, VaccinioPiceetea)
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D.3.a
F.4.3.15

Post-fire and post-logging long term (more than one generation) larch (Larix
cajanderi) forests with Pinus pumila, Sorbus commixta, dwarf shrubs (Ledum
palustre, Vaccinium vitis-idaea, Vaccinium praestans), herbs (Cornus canadensis, M.
dilatatum) and mosses (Hylocomium splendens, Pleurozium schreberi) on habitats
with postponed spring soil melting on the place of D.3.

???

D.3.b
F.5.5

Post-fire and post-logging short-term (one genetation) birch (Betula platyphylla)
forests with fragments of young Abies sachalinensis forests, with Sasa spp. or herbs
in combination with Sasa spp. dominated thickets on the place of D.3.

???

D.4
L

Amur paluded larch forests and woodlands (Larix cajanderi) of plains with shrubs
(Betula divaricata, B. fruticosa), dwarf shrubs (Ledum palustre, Ledum hypoleucum,
Lonicera caerulea), herbs (Carex globularis, C. appendiculata, Calamagrostis
langsdorffii) and mosses (Sphagnum spp., Aulacomnium spp., Ptilidium ciliare)

Ledo-Laricetalia
(VaccinioPiceetea);
OxycoccoSphagnetea

D.5
F.3.7.3

Manchurian montane (subtaiga) pine forests (Pinus sylvestris) with shrubs
(Lespedeza bicolor, Rosa dahurica), with dwarf shrubs and herbs (Vaccinium vitisidaea, Pyrola incarnata, Carex reventa, Ligularia fischeri, Aster tataricus)

??? (Querco
mongolicaeBetuletea
davuricae)

D.6
not in the
legend

Deeply anthropogenically transformed moist meadows with scattered trees of
???;
Larix cajanderi and Betula platyphylla on alluvial plains in combination with Quercus Calamagrostetea
mongolica forest islands on the elevated remains of ancient high river teraces and langsdorffii
dry meadows on elevated parts of plaines composed of well drained sand and
coarse alluvium deposits.

E. Northern temperate
E.1
not in the
legend

Northern temperate mixed broadleaved-coniferous forests dominated by Pinus
koraiensis, Picea jezoensis, Betula costata, Tilia amurensis, Fraxinus mandshurica with
nemoral shrubs and herbs in the understories.

Tilio-Pinetalia
koraiensis
(Quercetea
mongolicae)

* Legend codes in bold are original. Codes in Italic correspond to Ermakov & Bohn (2011).

Summary
The potential and actual vegetation maps of prototype area shows that the southern boundary of
boreal zone in easternmost Asia is considerably shifted due to climatic influences of different kinds. This
fact shows the principal impossibility to use only remote sensing for determining the type of potential
vegetation. In spruce forest areas with low temperatures, fires have not only direct effect on forests but
also change the soil freezing regime that may cause the different post-fire successional sequences toward
the formation of long-term larch forests. Because these forests occupy extensive areas, it is important to
includes them on the map of potential vegetation at the scale 1:7.5 million.
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Abstract
The Kamchatka Peninsula (North of the Russian Far East) belongs to the Boreal taiga zone. Zonal natural
vegetation of central Kamchatka is represented by Ajan spruce (Picea ajanensis) forests, Cajander larch
(Larix cajanderi) forests as well as Japan birch (Betula platyphylla) and aspen (Populus tremula) woods.
On the coastal plains and slopes, stone-birch (Betula ermanii) forests predominate. Vast territories of
mountain slopes are covered by Siberian dwarf-pine (Pinus pumila) woodlands and dwarf-alder (Alnus
fruticosa var. kamtschatica) thickets. The mountain tops and ridges are occupied by dwarf-shrub-rich
mountain tundra communities. The Kamchatka Isthmus and the Koryak region belong to the Beringian
forest-tundra zone. They are characterized by the predominance of dwarf-pine and dwarf-shrub tundra
communities that are associated with watersheds. The goal of the present investigation is to prepare a
small-scale vegetation map of the Kamchatka Peninsula and the adjacent territories of northern Koryakia
and the Koryak upland. Our map was developed using a MODIS space image, digitized topography map,
digitized Geobotanical map of the USSR, forest map of the USSR and original field data of about 3000
relevés. This information was combined with field data which helped update the size, shape and contents
of the contours . The minimal contour size accepted depending on vegetation cover structure was about
0.04 cm2 (at scale 1: 7,500,000 it will equal 225 km2). The following mapping principles were used to
show restored vegetation; zonal vegetation types for the plains; and altitudinal belts for the mountain
regions. These belts are: conifer forests, deciduous forests, subalpine dwarf-woodlands (krummholtz),
and mountain tundra.
Keywords: Vegetation mapping, Boreal natural vegetation, Kamchatka Peninsula
Introduction
The plant cover of the Kamchatka Peninsula was previously shown only on some small-scale vegetation
maps of the Soviet Union. The most widely-known are "The geobotanical map of the USSR" (1: 4,000,000)
(Sochava & Lavrenko 1954) and "The vegetation map of the USSR" (1: 10,000,000( (Sochava 1960). Since
then the knowledge of the Kamchatka vegetation increased significantly. After many years of field
research fulfilled by the geobotanical expeditions of St. Petersburg State University (1974-1978) and
Komarov Botanical Institute (1984-2010) a great amount of field data was accumulated. They include
more than 3.8 thousand sample plot relevés, 46 transects with a total extent about 250 km. Several largescale vegetation maps of protected areas were compiled: "The geobotanical map of Kronotsky Natural
State Reserve" (1: 100, 000) (Neshataev 1979), "The vegetation map of the South-Kamchatka Natural
Park" (1: 300,000) (Neshataev 1992), "The geobotanical map of the central part of the South-Kamchatka
Natural Reserve" (1: 100,000 (Neshataev & Neshataeva 1993), "The vegetation map of the gas pipeline
route Kshuk-Petropavlovsk-Kamchatsky" (1: 500,000) (Rassokhina & Kuzyakina 2000). There were new
data obtained concerning the geographical distribution of major vegetation types and the main patterns
of the vegetation cover of little-studied northern Kamchatka and Koryak regions difficult of access. A
new geobotanical subdivision of the Kamchatka Peninsula was elaborated (Neshataeva, 2009, 2011).
So it was necessary to synthesize all these data on the vegetation of this vast region and to compile a
new small-scale vegetation map of  the Kamchatsky Krai (Note: krai = an old administrative division, ed.)
* author for correspondence: vneshataeva@yandex.ru
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(1: 4,000,000).  The importance of this map is defined by a significant interest to the plant geography
of the northernmost part of the Russian Far East. It is also very important for the natural protection
and land-use goals owing to the increase of economic development of thes area (the intensive forest
management, mining, construction of roads, hydraulic and geothermal power stations, gas pipelines,
etc.). Within the scope of the international project "Circumboreal Vegetation Map" it is expected to
compile the general vegetation map of the boreal zone of the world (1: 7.500,000) using the same
approaches based on international scientific cooperation. The prototype of the Circumboreal vegetation
map for Kamchatsky Krai (1: 4,000,000) is the part of this project. The main principles of small-scale
vegetation mapping were developed at the Laboratory of Plant geography and Vegetation mapping of
Komarov Botanical Institute Russian Academy of Sciences (Gribova & Isachenko 1972, Bondev et al. 1985;
Gribova et al. 1980, 1988).
A Brief Background of Vegetation Zones in Kamchatka
The Kamchatka Peninsula is situated in the North of the Russian Far East and belongs to the Eurasian
Boreal Forest (Taiga) Zone. According to the geobotanical subdivision of Russia, the Kamchatka Peninsula
is considered to be a separate Kamchatka Deciduous Forest Subzone of the Eurasian Boreal Forest Zone.
The plant cover of the peninsula is characterized by the predominance of stone-birch (Betula ermanii)
forests in the plains. The area of Kamchatka is subdivided into six vegetation provinces and 20 vegetation
districts (Neshataeva 2010). Three provinces of plains were distinguished:
I. Eastern Kamchatka sub-oceanic province, characterized by the predominance of herb- and
shrub-rich stone-birch forests and dwarf-shrub heath communities dominated by Empetrum
nigrum;
II. Western Kamchatka maritime province, which differed from the other provinces by the
prevalence of grass- and short-herb-rich stone-birch forests, tall-herb meadows with Angelica
ursina, and blanket bogs; and
III. Central Kamchatka sub-continental province, characterized by the predominance of larch
(Larix cajanderi) and spruce (Picea ajanensis) taiga forests and secondary Japanese-birch
(Betula platyphylla) forests. Three mountain provinces were distinguished:
IV. Middle Kamchatka mountain province with the predominance of Siberian dwarf-pine (Pinus
pumila) elfin woods and mountain tundra;
V. Eastern Kamchatka volcanic mountain province, with the special volcanogenic variant of
altitudinal zonality and the prevalence of serial plant communities and secondary permanent
associations at the volcanic plateaus; and
VI. Southern Kamchatka mountain province, with a sub-oceanic subtype of altitudinal zonality
and the prevalence of dwarf-alder (Alnus fruticosa subsp. kamtschatica) shrubs and suboceanic dwarf-shrub heaths. It was shown that the differentiation of Kamchatka vegetation
cover was subordinated mainly to zonal and altitudinal patterns. Permanent volcanogenic
influences caused irreversible plant succession processes. As a result of Holocene volcanic
activities, serial plant communities and secondary permanent associations are prevalent in
the vast areas of Central Kamchatka: Japan-birch (Betula platyphylla) forests and larch (Larix
cajanderi) forests covering the central part of the peninsula replaced the virgin primeval
spruce (Picea ajanensis) and stone-birch (Betula ermanii) forests.
The northernmost part of the area – the Kamchatka Isthmus and the continental part of Northern Koryak
region (Penzhinskiy and Olutorskiy districts) belong to the Beringian Forest-Tundra zone. Dwarf-shrub
tundra-like vegetation is widespread on both coasts of the Peninsula. Also it is found at the south of the
Peninsula, reaching Lopatka Cape where coastal dwarf-shrub heath communities are common.
Because of the significant longitudinal extent of the Kamchatsky Krai (1,600 km) as well as to the
combination of maritime and continental climate districts and due to the mountain relief a meridional
aberration of latitudinal zones is observed. Because of the predominance of mountainous terrain the
vertical differentiation of the plant cover is observed. Three subtypes and one variant of the altitudinal

37
vegetation belt systems were distinguished for the Peninsula (Neshataeva 2009). The patterns of
combination and alternation of the altitudinal belts reflect the provincial changes of the plant cover.
Different regions of the Kamchatsky Krai are characterized by different combinations and definite vertical
position of altitudinal vegetation belts.
Natural Vegetation of Kamchatka and adjacent areas
Zonal vegetation types are distributed mostly in the central valley of Kamchatka. They are represented
by coniferous forests: spruce forests formed by Yeddo spruce (Picea ajanensis), larch forests formed by
Cajander larch (Larix cajanderi), as well as secondary white birch (Betula platyphylla) and aspen (Populus
tremula) forests. On the coasts and coastal slopes birch forests with the predominance of stone birch
(Betula ermanii) are widespread. They also form a separate altitudinal belt in the mountains. On the
eastern coast there is a small relic grove of silver fir (Abies gracilis), derivative from the Pleistocene preglacial vegetation of the peninsula. The area of the fir grove is about 22 hectares. The vast mountain areas
are covered by Siberian dwarf-pine (Pinus pumila) and dwarf-alder (Alnus fruticosa subsp. kamtschatica)
“elfin woodlands” (krummholtz). The mountain peaks are characterized by dwarf-shrub mountain tundra
communities. Azonal vegetation is represented by blanket-bogs common on the West coast,  aapa-mires
are characteristics for the East coast, floodplain forests formed by poplar (Populus suaveolens), chosenia
(Chosenia arbutifolia), alder (Alnus hirsuta) and tree willows (Salix udensis, S. schwerinii).
The Kamchatka Isthmus, Parapolsky valley and continental areas of Northern Koryakia and  Koryak
Upland are characterized by a predominance of sparse dwarf-pine communities on the plains and
mountain slopes and the prevalence of dwarf birch (Betula middendorffii) thickets and dwarf-shrub-rich
and lichen-rich tundra communities. Deciduous woodlands and stone-birch forests are found here only
in large river valleys. The coastal tundra (heath) dwarf-shrub-rich  communities formed by Empetrum
nigrum, Vaccinium uliginosum, V. vitis-idaea subsp. minus, Ledum palustre subsp. decumbens, Arctous alpina,
Loiseleuria procumbens, etc.) are widespread on the coasts, coastal plains and maritime slopes. The floristic
composition and the structure of coastal-tundra communities are similar to dwarf-shrub-rich mountain
tundra communities.
The differentiation of Kamchatka vegetation conforms to zonal and altitudinal patterns. In the
surroundings of volcanoes, the impact of modern volcanism is revealed. This is reflected in local
disturbance of the vegetation in the vicinity of active volcanoes. The destruction of the vegetation
cover on vast areas leads to the transformation of the zonal structure of the vegetation cover and the
dislocation of the altitudinal vegetation zones.
The volcanic transformation of the vegetation cover maintains the existence of pioneer and serial plant
communities on ash-fields, lava flows, deposits of  dry rivers continental deltas, as well as  the secondary
permanent  communities formed by Japan birch and Cajander larch in place of the zonal climax Ajan
spruce forests.
Prototype of the Circumboreal Vegetation Map of Kamchatka
The goal of the investigation is to create a small-scale vegetation map (1: 4,000,000) of the Kamchatka
Peninsula and the adjacent territories of the Northern Koryakia and the Koryak Upland (within
Olyutorskiy and Penzhinskiy districts of Kamchatskiy Krai) showing the natural zonal vegetation. The
map is one of the blocks of Circumboreal Vegetation Map of the world. In order to compile a smallscale vegetation map of Kamchatka in addition to the analysis of great amount of the field data it was
necessary to solve some theoretical problems related to the formation of a legend (a key to the map). In
the legend it is important to reflect the main regional features of the vegetation cover of Kamchatka and
Northern Koryakia, to show the peculiarities of vegetation structure and dynamics depending on the
modern volcanic activities. To solve this problem it was necessary to analyze the community diversity of
the vegetation cover.  According to the principles of Russian school of plant sociology, the classification
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Zonal and extrazonal vegetation
Mountain tundras
- Pacific dwarf shrub-rich mountain tundras (Empetrum nigrum, Vaccinium uliginosum, Betula exilis,
Loiseleuria procumbens, Rhododendron aureum, Phyllodoce caerulea, Cassiope lycopodioides, Diapensia
obovata, Dryas punctata);
- Siberian lichen-rich mountain tundras (Cladonia rangiferina, Cl. arbuscula, Cl. stellaris, Stereocaulon
paschale, Cetraria islandica, C. laevigata, Flavocetraria cucullata, F. nivalis);
- Pacific dwarf shrub-rich mountain tundras, combined with Siberian lichen-rich mountain tundras;
Oceanic dwarf shrub heaths
- Pacific coastal dwarf shrub heaths (Empetrum nigrum, Vaccinium uliginosum, Betula exilis, Loiseleuria
procumbens, Arctous alpina, Ledum palustre subsp. decumbens);
Pacific and East Siberian subalpine and subarctic elfin woods (krummholz)
- Siberian dwarf-pine (Pinus pumila) moss-rich, short herb-rich and grass-rich woodlands;
- Siberian dwarf-pine (Pinus pumila) lichen-rich and dwarf shrub-rich woodlands;
- Dwarf-alder (Alnus fruticosa var. kamtschatica) herb-rich, fern-rich and grass-rich thickets;
- Subarctic dwarf-birch (Betula middendorffii) shrubs, combined with Sphagnum and Dicranum-LichenesSphagnum bogs, locally with willow shrubs;
Boreal coniferous forests
Far Eastern boreal dark-coniferous forests (Picea ajanensis)
- Kamchatka zonal and mountain spruce forests (Picea ajanensis) with short herbs (Linnaea borealis, Oxalis
acetosella, Maianthemum dilatatum, Trientalis europaea), shrubs (Lonicera caerulea, L. chamissoi, Sorbus
sambucifolia, Ribes triste, Rosa amblyotis), mosses (Pleurozium schreberi, Hylocomium splendens, Ptilium
crista-castrensis, Polytrichum commune);
Far Eastern larch (Larix cajanderi) forests
- Kamchatka mountain larch forests (Larix cajanderi) partly with Betula platyphylla with dwarf shrubs (Ledum
palustre subsp. decumbens, Vaccinium vitis-idaea, V. uliginosum), herbs (Maianthemum bifolium,
Chamaenerion angustifolium, Calamagrostis langsdorffii, Pyrola incarnata) and lichens (Cladonia arbuscula,
C. rangiferina, C. uncialis, Stereocaulon paschale);
- East Siberian and North Pacific mountain larch open forests (Larix cajanderi) with Pinus pumila, dwarf
shrubs (Vaccinium uliginosum), mosses and lichens;
Far Eastern boreal birch forests
- Mountain and coastal stone-birch forests (Betula ermanii) with shrubs (Lonicera caerulea, L. chamissoi,
Sorbus sambucifolia, Rosa amblyotis), tall-herbs (Filipendula camtschatica, Senecio cannabifolius), grasses
(Calamagrostis langsdorffii, Lerchenfeldia flexuosa), short-herbs (Maianthemum dilatatum,
Chamaepericlymenum suecicum, Gymnocarpium dryopteris);
- Birch forests (Betula platyphylla) with shrubs (Pinus pumila, Juniperus sibirica, Lonicera caerulea, Rosa
amblyotis), dwarf-shrubs (Ledum palustre subsp. decumbens, Vaccinium vitis-idaea, V. uliginosum,
Empetrum nigrum) and herbs (Saussurea pseudotilesii, , Chamaenerion angustifolium, Solidago spiraeifolia,
Galium boreale);
Azonal vegetation within boreal zone
Floodplain deciduous forests
- Floodplain deciduous forests with Populus suaveolens, Chosenia arbutifolia, Salix udensis, Alnus hirsuta;
Bogs and mires
- Sphagnum and Dicranum-lichen-Sphagnum flat-hummock and large-hummock bogs in the forest tundra
zone;
- Sachalinian-Kamtchatian moss-herb-Sphagnum (aapa) mires;
- Kamtchatian raised sedge-Sphagnum blanket-bogs;
- Sedge-cotton (Carex-Eriophorum) tussock mires combined with moss-grass swamps;
Areas without vegetation cover
- Glaciers, snow paths and high mountain sparse vegetation;
- Lakes and rivers
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of Kamchatka vegetation was elaborated (Neshataeva 2009). The types of plant communities were
organized into a hierarchical classification system from the simplest unit called “variant of association”
to the most complex unit called “vegetation type.” Originally the classification system was classified into
seven main vegetation types: boreal forests, boreal and subalpine shrubs, mountain tundra, meadows,
level fens, aquatic vegetation, and peat-moss bogs.  The main vegetation types were divided into 25
classes of formations and 96 formations, which again were subdivided into 145 associations. Similar
plant communities were grouped taking into account not only the floristic composition but also the
set of dominant species of different layers (for master units) as well as the set of indicator species (for
subordinate units). Therefore, we adopted a multi-level structure of the legend. In the legend we used
the regional and typological principle introduced by V.B. Sochava and firstly used for the small-scale
vegetation map of the Globe (Sochava 1964). The list of the main units of the legend was elaborated
using these principles. This way for the purpose of small-scale vegetation mapping the hierarchical
classification system was simplified and united into 18 main vegetation complexes. They correspond to
vegetation types or classes of formations in the sense of Russian school of plant sociology.  
Information used to develop the vegetation map included:
• MODIS space image - to decode and determine eight main vegetation cover types: dwarf-pine
shrubs, dwarf-alder thickets, stone-birch forests, mountain tundra vegetation, snow fields and
glaciers; sparse dwarf-pine elfin woodlands, larch forests, spruce forests;
• digitized topography map (1: 1,000,000);
• digitized Vegetation map of the USSR (Sochava & Lavrenko 1956) (1: 10,000,000) -  to
distinguish the main latitudinal vegetation zones and altitudinal  vegetation belts;
• digitized Forest map of the USSR (Isayev 1991) (1: 2,000,000) – to distinguish the main tree
dominants;
• original field data, including more than 3,000 relevés dimensioned to the coordinate grid.
This information was combined with the field data and the contours size, shape and contents were
corrected. We used the method of combining multiple layers of GIS in the package ArcGIS 9.3 and the
expert selection main contours of vegetation. In certain cases we used automatic decoding of the
digitized relief map for the detecting the position of altitudinal belts as they differ in different parts of
the peninsula. The minimal contour size accepted depending on vegetation cover structure was about      
0.04 cm2 (at scale 1: 7,500,000 it equals 225 km2).  
The general small-scale map of the vast area of Kamchatsky Krai (the length from north to south is
about 1600 km) should reflect the peculiarities of macro-structure of vegetation cover connected
with the differentiation of the environmental factors. The Circumboreal Vegetation map of Kamchatka
and adjacent areas belongs to the category of inventory maps. The map depicts potential distribution
of the main vegetation types, showing the natural vegetation cover of the peninsula for the period
before agriculture human activity period.  The map reflects natural vegetation without human-induced
changes taking place during the last 300 years, beginning from the annexation of Kamchatka to Russia
in 1700. The map is a plant geographical model reflecting the natural patterns of the vegetation cover
existing under the influence of the certain solar and climatic factors and transformed by the modern and
Holocene volcanic activities.
The following main principles of small-scale vegetation mapping are used:
1) The vegetation map reflects the potential natural vegetation,
2) The zonal vegetation types are shown for the plains: the map reflects the peculiarities of the
latitudinal differentiation of the vegetation cover;
3) Altitudinal belts for the mountain regions are conifer (spruce and larch) forests, stone-birch
forests, subalpine dwarf-woodlands (“krummholtz"), and mountain tundra.
4) The map indicates the longitudinal (provincial) features of the vegetation cover which are
related to climate as it changes from the coast to the central part of the peninsula;
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5) The vegetation types of the altitudinal belts in the mountains are analogous to the vegetation
types of the plains,
In cases where the altitudinal belts overlap we used a category termed macro-combinations (Gribova &
Isachenko 1972).
Acknowledgements
The authors thank Dr. Nikolai Ermakov and Prof. Vasily Neshataev for fruitful discussion, important advice
and information.
References Cited
Bondev, I., Borchidi, A., Hofmann, G. & others. 1985. Karta rastitel’nosti evropeiskikh stran – chlenov
SEV. (The vegetation map of European countries of Economical Mutual Assistance Consulat ),
Geobotanicheskoje kartografirovanije. Leningrad, Nauka, pp. 7-34. (In Russian).
Lavrenko, E.M. & Sochava, V.B. (eds.)  1954. Geobotanical Map of the USSR (1: 4,000,000). Moscow, Russia
GUGK,
Gerbikh, A.A., Gribova, S.A., Isachenko, T.I., Karpenko, A.S., Lavrenko, E.M., Lipatova, V.V., & Jurkovskaya,
T.K.  1970. Karta rastitel’nosti SSSR  (1: 2,500,000) (printsipy, metody, sostoyanije raboty po
Evropeiskoi chasti strany). Botanicheskiy Zhurnal. 55 (11): 1634-1643. (In Russian).
Gribova, S.A., Isachenko, T.I., Karpenko, A.S., Lavrenko, E.M., Lipatova, V.V., & Jurkovskaya, T.K. 1970.
Legenda k “Karte rastitelnosti Evropeiskoi chasti SSSR” (1: 2 500 000) v  predelach VostochnoEvropeiskoi ravniny, Botanicheskiy Zhurnal. 55 (11): 1643-1662.  (In Russian).
Gribova, S.A. & Isachenko, T.I., 1972. Kartirovanie rastitel’nosti v s’jomochnych masshtabakh. Polevaya
Geobotanika. 4: 237-336.  Leningrad, Nauka.  (In Russian).
Gribova, S.A., Isachenko, T.I., & Lavrenko, E.M. (eds.) 1980. Rastitelnost’ evropeiskoi chasti SSSR. Leningrad,
Nauka. 426 p. (In Russian).
Gribova, S.A., Karamysheva, Z.V., Neicheisl, R., & Jurkovskaya, T.K. 1988. Karta rastitel’nosti Evropy I voprosy
klassifikatzii. Geobotanicheskoje kartografirovanije. Leningrad, Nauka, pp.3-13.
Lavrenko, E.M. (ed.) 1939. Karta rastitel’nosti Sojuza Sovetskich Sotsialisticheskich Respublik. (1: 5,000,000
.
Sochava, V.B. (ed.) 1960. Karta rastitelnosti SSSR.  (1: 10,000,000. Moscow, Russia , GUGK.
Neshataeva, V.Yu. 2009. Rastitel’nost’ poluostrova Kamchatka. Moscow, KMK.  537 p. (In Russian).
Neshataeva, V.Yu. 2011. Rastitel’nyi pokrov poluostrova Kamchatka I ego geobotanicheskoje
raionirovanije. Trudy Karelskogo nauchnogo Tsentra RAN. Ser. Biogeographija, Vyp.. 11. pp. 3 –
22. (In Russian).
Sochava, V.B. (ed.) 1964. Klassifikatsija I kartografirovanije vysshykh podrazdelenii rastitelnosti Zemli.
Sovremennyje problemy geografii. Moscow, Nauka. P.   (In Russian).
Sochava, V.B. (ed.) 1979. Rastitelnyi pokrov na tematicheskikh kartakh. Novosibirsk, Nauka. 188 pp. (In
Russian).

42
Bioclimatic Dossier for the ‘Circumboreal Vegetation Mapping Project’
(CBVM)
Daniel Sánchez-Mata1 * & Salvador Rivas-Martínez2
Department of Plant Biology II, Complutense University, Madrid, Spain,
2
Phytosociological Research Center, Los Negrales, Madrid, Spain

1

Abstract
Bioclimatology is a geobotanical science dealing with the study of the reciprocity between the climate
and the distribution of living organisms and their communities on Earth. This discipline was originally
based on the relationship between numerical climate values (temperature and precipitation) and areas
of plants and plant formations, with the subsequent addition of information regarding biogeocoenosis,
and more recently, new knowledge of dynamic-catenal Phytosociology. The main goal of the bioclimatic
team of the CBVM Project should be defined as to assist in defining the delimitation of the boreal
bioclimate, including its boundaries and characteristics throughout the full coverage of the map.
Keywords: Bioclimatology, Boreal macrobioclimate, bioclimatic indices.
Introduction
A  Bioclimatic Framework for the CBVM has was proposed by Sánchez-Mata and Rivas-Martínez (in Talbot
et al. 2010, and Talbot 2011) following our last published bioclimatic proposals and contributions (RivasMartínez, Sánchez-Mata & Costa 1999; Rivas-Martínez 2005; Rivas-Martínez & Sánchez-Mata 2011) and
compiled in a special website (Rivas-Martínez & Rivas-Sáenz 2012). Recently, Sayre et al. (2009) published
the first bioclimatic map of the Conterminous United States strictly following the Rivas-Martínez’s
approach on bioclimatic classification of the Earth.
We emphasize in this short contribution our concepts and delimitation of the Boreal macrobioclimate.
Boreal Macrobioclimate
Territories with a Boreal macrobioclimate are all those located in temperate and cold zones between
latitudes 42° to 72° N and 49° to 56° S, whose thermoclimatic values, calculated theoretically for an
altitude of 200 m, are lower than the boreal-temperate threshold values.
Depending on their continentality, the values for these bioclimatic indices and parameters must be
below the following threshold values (Table 1):
• In hyperoceanic territories (Ic ≤ 11) less than: 6°C mean annual temperature and 720 positive
annual temperature, as well as a positive summer temperature of over 320 (T < 6.0 °C, Tp <
720, Tps < 320).
• In oceanic territories (Ic 11-21) less than: 5.3 °C mean annual temperature and 720 positive
annual temperature (T ≤ 5.3 °C, Tp < 720).
• In subcontinental territories (Ic 21-28) less than: 4.8 °C mean annual temperature, 740 annual
positive temperature (T ≤ 4.8 °C, Tp < 740).
• In eucontinental territories (Ic 28-46) less than: 3.8 °C mean annual temperature, 800 annual
positive temperature (T ≤ 3.8 °C, Tp < 800).
• In hypercontinental territories (Ic > 46) less than: 0°C mean annual temperature, 800 annual
positive temperature (T ≤ 0 °C, Tp < 800).

*author for correspondence: dsmata@farm.ucm.es
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The following six biogeographical regions on Earth have a boreal macrobioclimate [territorially minority
(*)] (by continent); Eurasia: Euro-Siberian (*), East-Siberian; North-America: North-American Boreal and
Rocosian (*); South America: Valdivian-Magallanic (*).
Table 1: Bioclimatic values for Boreal bioclimates, thermotypes and ombrotypes.
Bioclimates and acronyms

Bioclimatic indices
Ic
Io

T (°C)

Hyperoceanic boreal    (boho)

< 11

> 3.6

< 6.0

Oceanic boreal    (booc)

11-21

> 3.6

Subcontinental boreal    (bosc)

21-28

> 3.6

Continental boreal    (boco)

28-46

> 3.6

Hypercontinental boreal    (bohc)

> 46

-

Xeric boreal    (boxe)

< 46

< 3.6

≤ 5.3
≤ 4.8
≤ 3.8
≤ 0.0
≤ 3.8

Bioclimatic belts (thermotypes)

Acronyms

Tp

Thermoboreal

Tbo

> 680

Mesoboreal

Mbo

580-680

Supraboreal

Sbo

480-580

Oroboreal

Obo

380-480

Crioroboreal

Cbo

1-380

Gelid

Gbo

0

Bioclimatic belts (ombrotypes)

Acronyms

Io

Semiarid

Sar

< 2.0

Dry

Sec

2.0 – 3.6

Subhumid

Shu

3.6 – 6.0

Humid

Hum

6.0 – 2.0

Hyperhumid

Hhu

12.0 – 24.0

Ultrahyperhumid

Uhh

> 24.0

Remarks
If in the territories between latitudes 42° to 52° N and 49° to 52° S, there are –and these are not
compensated– two or more consecutive months of drought during the hottest period of the year (Ps2
< 2Ts2), these territories have a Mediterranean macrobioclimate. In order to calculate the theoretical
thermoclimatic values corresponding to a location between parallels 43 and 48 N which is situated at a
height of over 200 m, it is necessary to add the following values for every 100 m over this altitude: 0.6 °C
to the mean annual temperature (T), 0.5 ° C to the mean maximum temperature of the coldest month
in the year (M), and 13 units to the thermicity index (It, Itc). For the calculation of these thermoclimatic
values between parallels 48° to 71° N and 51° to 55° S, it is necessary to add the following values for every
100 m: 0.4 °C to the mean annual temperature (T), 0.5 °C to the mean maximum temperature of the
coldest month (M), and 12 units to the value of the positive temperature (Tp).
Polar Macrobioclimate
Territories with a Polar macrobioclimate are all those territories in temperate and cold zones, at any
altitude and with any continentality value, located between parallels 51° to 90 N and 53° to 90° S,
whose thermoclimatic values, calculated theoretically for an altitude of 100 m, have a positive annual
temperature of less than 380 (Tp) (Table 2).
To calculate the theoretical thermoclimatic values of the positive annual temperature (Tp), corresponding
to a location between parallels 51° to 90° N and 53° to 90° S which is situated at an altitude of over 100m,
it is necessary to add 12 units to the value of the positive temperature (Tp) for every 100 m over that
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altitude.
Table 2. Bioclimatic values for Polar bioclimates and thermotypes.
Bioclimates and acronyms

Bioclimatic indices
Ic
Io

T (°C)

Hyperoceanic polar    (poho)

< 11

> 3.6

>0

Oceanic polar    (pooc)

11-21

> 3.6

>0

Continental polar    (poco)

> 21

> 3.6

>0

Xeric polar    (poxe)

>4

< 3.6

>0

Pergelid    (pope)

-

-

0

Bioclimatic belts (thermotypes)

Acronyms

Tp

Thermopolar

Tpo

280 - 380

Mesopolar

Mpo

100 - 280

Suprapolar

Spo

1 - 100

Gelid

Gpo

0

The two following biogeographical regions of the earth have a Polar macrobioclimate [territorially
minority (*)] (by continent); Eurasia: Circumarctic; North America: Circumarctic; South America: ValdivianMagallanic (*).
The bioclimatic maps (Figures 1-4) show the bioclimatic boundaries in the Arctoboreal (Arctic + Boreal)
territory (Earth’s northern hemisphere).
Table 3 shows the relations between global geobotanic names and bioclimatic values (S. Rivas-Martínez, A. Penas, T.E. Díaz, D.
Sánchez-Mata & S. del Río 2012, in prep).
N

Global

N

Geobotanic name

Bioclimatic values

1

ARCTIC
(Polar, treeless)
(51º - 90º N, < 100 m)

1a
1b
1c
1d
1e

DESERTIC ARCTIC
NORTH ARCTIC
MIDDLE ARCTIC
SOUTH ARCTIC
ARCTIC SEMIBOREAL

Tp < 50
Tp 50 - 150
Tp 150 - 250
Tp 250 - 380
Tp 380 - 480, Ic < 21,
Tmax < 10º C

2

BOREAL
(Boreal taiga forests)
Tp < 380 crioroboreal
(43º - 70º N, < 200 m)

2a
2b
2c

NORTH BOREAL
MIDDLE BOREAL
SOUTH BOREAL

Tp 380 - 480
Tp 480 - 630
Tp 630 – 800
(Tp 720 – 800)

3

TEMPERATE
(Temperate forests)
Tp 380-800
orotemperate
Tp < 380
criorotemperate
(23º - 64º N, < 200 m)

3a

HEMIBOREAL

3b
3c
3d

NORTH TEMPERATE
MIDDLE TEMPERATE
SOUTH TEMPERATE

> 43º N, Ic < 21: Tp 720 – 900
Ic 21 - 28: Tp 740 – 900
Ic > 28, It 800 -1200
Ic > 28, It 1200 - 1900
Ic > 28, It  > 1900

Figure 1. Bioclimates of the
Earth's Arctoboreal territory

45

Figure 2. Thermotypes of the Earth's
Arctoboreal territory
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Figure 3. Ombrotypes of the
Earth's Arctoboreal territory
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Figure 4. Continentality of the
Earth's Arctoboreal territory
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Appendix
Bioclimatic parameters and indices
1. Thermic
M
average maximum temperature of the coldest month
T
mean annual temperature in °C
Tp
annual positive temperature: amount in tenths °C of the average monthly temperatures, above
0º, ΣTi1-12 > 0ºC
Tps
positive temperature for the summer quarter, in tenths of °C. Σ Tps, Ti > 0° C
average temperature of the warmest quarter for summer two months
Ts2
Ic
continentality index single or annual thermal range (Tmax-Tmin in °C)
It
thermicity index (T + M+ m) 10 ≈ (T + Tmin x 2) 10
Itc
index of thermicity offset
2. Ombric
P
average annual rainfall in millimeters or liters per square meter
Psi
precipitation of any month of the summer quarter
precipitation of the warmst quarter, two months in summer
Ps2  
Pw
precipitation of the winter quarter
Latitudinal zones and bands on the earth
According to their latitude, and regardless of their height above sea level, three broad thermal areas can
be distinguished on Earth: A. Warm, B. Temperate, C. Polar; each in turn containing five latitudinal zones:
1. Eutropical, 2. Subtropical, 3. Eutemperate, 4. Subtemperate. 5. Polar; and 11 latitudinal belts.
Thermal areas

A. WARM (tropical)   0° 35° N & S

Latitudinal zones
1. EUTROPICAL 0° - 23° N & S

2. SUBTROPICAL 23° - 35° N & S

B. TEMPERATE 35° - 66°
N&S

C. POLAR 66° - 90° N & S

3. EUTEMPERATE 35° - 51° N & S
4. SUBTEMPERATE 51° - 66° N & S
5. POLAR 66° - 90° N & S

Latitudinal belts

Latitude

1a. Equatorial

7° N - 7° S

1b. Low-eutropical

7° - 15° N & S

1c. High-eutropical

15° - 23° N & S

2a. Low-subtropical

23° - 29° N & S

2b. High-subtropical

29° - 35° N & S

3a. Low-eutemperate

35° - 43ª N & S

3b. High-eutemperate

43° - 51° N & S

4a. Low-subtemperate

51° - 59° N & S

4b. High-subtemperate

59° -66° N & S

5a. Low-polar

66° - 78° N & S

5b. High-polar

78° - 90° N & S

Macrobioclimate key

1

2

In territories with a northern latitude of > 72° or a southern latitude of > 56°. In territories
POLAR
outside this latitude and with an altitude of less than 200 m (1): annual positive temperature
Tp < 380
In territories with an altitude of less than 200 m (1): annual positive temperature Tp > 380

2

In territories with an altitude of less than 200 m (1), continentality index Ic < 11, positive
temperature of the summer quarter Tps > 320, mean annual temperature < 6°C, annual
positive temperature 320 – 720

BOREAL

Does not meet the conditions

3

50

3

4

In territories with an altitude of less than 200 m (1), depending on the continentality index
Ic, the values of the mean annual temperature T and the annual positive temperature Tp
must be as follows: for Ic < 21: T ≤ 5.3°C and Tp < 720; for Ic = 21 - 28: T ≤ 4.8°C and Tp < 740;
for Ic > 28: T ≤ 3.8°C and Tp < 800

BOREAL

Does not meet the conditions

4

Summer with no water deficit; ombrothermic index of the hottest two months in
the summer quarter Ios2 > 2 or the summer ombrothermic index resulting from the
compensation Iosc4 > 2

TEMPERATE

Does not meet the conditions

MEDITERRANEAN

(1) If the location is situated at an altitude of over 200 m, the temperature values need to be calculated
theoretically, increasing T by 0.6 °, M by 0.5 °, and It or Itc by 13 units for every 100 m over that altitude; if
it is situated to the north of parallel 48° N or to the south of parallel 51° S, the values of the mean annual
temperature and the annual positive temperature Tp must also be calculated by increasing T by 0.4 ° and
Tp by 12 units for every 100 m over this altitude. When Ic ≥ 21 (continental) or when It or Itc < 120 the
thermotype is calculated based on the annual positive temperature, and the theoretical values of Tp at
200 m, increasing 55 units every 100 m over this altitude.
Boreal bioclimate key
1
2
3
4
5

Continentality index Ic > 46

HYPERCONTINENTAL BOREAL

Continentality index Ic ≤ 46

2

Annual ombrothermic index Io ≤ 3.6

XERIC BOREAL

Annual ombrothermic index Io > 3.6

3

Continentality index Ic ≤ 11

HYPEROCEANIC BOREAL

Continentality index Ic > 11

4

Continentality index Ic 11 – 21

OCEANIC BOREAL

Continentality index Ic > 21

5

Continentality index Ic 21 – 28

SUBCONTINENTAL BOREAL

Continentality index Ic 28 – 46

CONTINENTAL BOREAL

Annual positive temperature Tp = 0

PERGELID POLAR

Annual positive temperature Tp >0

2

Annual ombrothermic index Io < 3.6

XERIC POLAR

Annual ombrothermic index Io ≥ 3.6

3

Continentality index Ic ≤ 11

HYPEROCEANIC POLAR

Continentality index Ic > 11

4

Continentality index Ic 11 – 21

OCEANIC POLAR

Continentality index Ic > 21

CONTINENTAL POLAR

Polar bioclimate key
1
2
3
4

Bioclimatic variants
1

2

Boreal, Temperate or Mediterranean macrobioclimate, with a continental trend Ic > 17,
with precipitation in the summer quarter Ps greater than in the winter quarter Pw; annual
ombrothermic index Io 0.2-6.0, and during  at least one month in summer (Psi) the precipitation in
mm must be less than three times the temperature in degrees centigrade [Psi: P < 3.0 T]

STEPPIC

Does not meet the conditions

2

Boreal, oroboreal (Tp 380-480) and subcontinental hyperoceanic (Ic ≤ 28) macrobioclimate: mean
temperature of the hottest month of the year Tmax ≤ 11°, and the positive temperature of the
summer temperature Tps ≤ 320

POLAR
SEMIBOREAL

51
Steppic (stp). Bioclimatic variant existing in the Mediterranean, Temperate, Boreal and Polar
macrobioclimates, at least attenuated semicontinental (Ic > 17), where, in addition to a summer quarter
precipitation greater than that of the winter quarter [Ps ≥ Pw], the annual ombrothermic index lies
between the lower hyperarid and the higher subhumid: 0.2 and 6.0 [6.0 ≥ Io > 0.2]; and during at least
one month in summer (Ps1) the precipitation in mm is less than three times the temperature in degrees
centigrade [Psi: P < 3T]. The steppic character is evident in very diverse continental and semicontinental
plant formations, through the appearance of types of xerophytic vegetation, and from the fragility of the
forests due to the hydric limitation existing in the periods around each solstice.
The most characteristic of the Earth's plant formations corresponding to this bioclimatic variant are:
steppes and temperate forested steppes in Eurasia; the great plains, wooded or not, in North America;
the desert steppes of Central Asia, as well as the holarctic Mediterranean xerophytic steppes with forests,
scrublands and grasslands. The steppic tundra and taiga formations corresponding to the boreal and
polar bioclimates are restricted to areas with scant summer precipitation in Asia and North America.
Generally speaking, it can be said that the steppic character corresponds largely to climate types with
attenuated summer mediterraneity and with low precipitation during the winter solstice.
Polar semiboreal (pose). A subcontinental, oceanic or hyperoceanic oroboreal territory (Tp 380-480, Ic
≤ 28) can be considered thermopolar semiboreal (cryoroboreal, in the case of a mountain completely
surrounded by forests at lower altitudes), when Tmax ≤ 11°C (mean temperature of the hottest month
of the year) and Tps ≤ 320 (positive temperature of the summer quarter in tenths of a degree), as the
potential natural vegetation in these bioclimatic conditions are treeless tundras instead of microforests,
as in North America on the western coasts and reliefs of Beringian Alaska, and Aleutian Peninsula and
Islands, as well as in various arctoboreal and antiboreal territories around the earth.
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Pilot-scale Mapping for Alaskan Portion of the Circumboreal Vegetation
Map (CBVM)
M. Torre Jorgenson
Alaska EcoScience, 2332 Cordes Way, Fairbanks, AK 99709,U.S.A.
Abstract
A pilot-scale map of boreal vegetation in southwestern Alaska was developed as an initial contribution
to the circumboreal vegetation mapping (CBVM) project for the Alaska region. The effort included
classification and mapping of six bioclimatic zones for boreal Alaska that provided the basis for
classification of boreal vegetation. Vegetation mapping for the southwestern portion of Alaska was
done at 1:7.5 million scale to test the mapping protocols developed by the CBVM team. Mapping
used an integrated-terrain-unit approach that included classifications for bioclimate, physiography,
generalized geology, permafrost, disturbance, growth from, geographic sector, water coverage, and
vegetation. Vegetation was mapped at five hierarchical levels: (1) formation type based on physiognomy
and structure; (2) formation group differentiating zonal, extrazonal, and azonal systems; (3) formation
based on dominant growth forms with finer subdivisions than Level 1; (4) bioclimatic subdivision based
on temperature and precipitation indices; and (5) geographic sectors based on dominant species that
characterize broad longitudinal regions or floristic provinces. Comparison of the Alaskan prototype map
with prototype maps produced by other international mapping teams identified numerous consistency
issues that will need to be resolved before completion and integration of the circumboreal map.
Introduction
The circumboreal vegetation mapping (CBVM) project is an international collaboration among vegetation
scientists to create a new vegetation map of the boreal region at a 1:7.5 million scale with a common
legend and mapping protocol (Talbot & Meades 2011). The map is intended to portray potential natural
vegetation, or the vegetation that would exist in the absence of human or natural disturbance, rather
that existing vegetation that is commonly generated at larger scales. This paper contributes to the
CBVM effort by developing a map of bioclimatic zones for boreal Alaska and a pilot-scale map of boreal
vegetation in southwest Alaska that provide a test of the vegetation classification system for landscapelevel mapping of the boreal biome.
Bioclimatic Regions
There have been numerous approaches to climate zonation, which forms the basis for biogeographic
and ecoregion mapping. Uvardy (1975) divided Alaska into four biogeographical provinces: Alaskan
Tundra (northern and western Alaska), Yukon Taiga (Interior Alaska and Yukon), Aleutian Islands
(southwestern Alaska and Aleutians), and Sitkan (southeastern Alaska). Bailey (1995) divided boreal
Alaska into four zones: Sub-Arctic Division and Sub-Arctic Regime Mountains (interior and western
Alaska), Marine Division and Marine Regime Mountains (Alaska Range, southwestern Alaska, southeast
Alaska panhandle). Nowacki et al. (2002) divided Alaska into three climatic regions: Polar (northern and
western Alaska), Boreal (central and southcentral Alaska), and Maritime (Aleutians and southeastern
Alaska). These various approaches are similar, yet differ in how they differentiate the western-interior
continental transition, the interior-southcentral transition across the Alaska Range and Copper River
Basin, the Aleutian and Alaska Peninsula, and southeastern Alaska. The CBVM project utilizes the
bioclimatic regionalization approach of Sánchez-Mata & Rivas-Martínez (2011) that differentiates zones
based on temperature and precipitation indices. Based on computerized mapping of world-wide climate
data, they divided boreal Alaska into five bioclimatic zones: xeric (Yukon Flats region), continental (most
*ecoscience@alaska.net
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of Interior Alaska), subcontinental (southwestern Alaska), oceanic (southwestern Alaska and the Aleutian
Islands), and Hyperoceanic (southeast Alaska panhandle). In this effort for mapping the Alaska portion
of the CBVM, bioclimatic mapping was based on the higher-resolution regional gridded climatic data of
PRISM (Prism Climate Group 2008) and, thus, differs somewhat from the maps by Sánchez-Mata & RivasMartínez (2010).
Statewide Vegetation Classification and Mapping in Alaska
The Alaska Vegetation Classification (Viereck et al. 1992) is the main statewide system and uses a fivelevel hierarchical approach that partitions both vegetation structure and composition. At the plant
community level, plant communities compiled from the literature were simply grouped within the
structural classification of the first three levels without attempting to do a comprehensive numerical
analysis of plant communities. The floristic classification of boreal vegetation of North America by RivasMartínez & Sánchez-Mata (2011) provides a good framework for a comprehensive classification, but
lacks sufficient Alaskan plots to provide a comprehensive classification for Alaska. To help define the
provisional classes for this boreal mapping effort, I also relied on numerous regional classification and
mapping efforts (Jorgenson and Heiner 2003, Jorgenson et al. 1999, 2003, 2008, 2009, Talbot et al. 2010).
There have been a numerous statewide efforts to map vegetation across Alaska, but they have primarily
been oriented toward vegetation structure (Talbot 2010). Spetzman (1963) mapped the vegetation of
Alaska at 1:5 M scale using a simple scheme of nine classes that included climatic regions, physiography,
and vegetation structure that helped differentiate species composition. It formed the basis for vegetation
maps of Alaska by Viereck and Little (1972) and the Joint Federal-State Land Use Planning Commission
for Alaska (1973). Statewide maps also have been developed using spectral classification of satellite
imagery using simplified (Fleming 1997, Selkowitz & Stehman 2011) and complex (Landfire 2011)
classifications of land cover characteristics. The small-scale vegetation maps for Arctic Alaska (Raynolds et
al. 2006) and the circumarctic (Walker et al. 2002) combined bioclimatic regions and vegetation structure
in a hierarchical approach that emphasized differentiation of floristic composition; these form the basis
for the classification and mapping approach for this effort.
Methods

Bioclimatic Regions
Bioclimatic zonation of Alaska followed the approach of Rivas-Martínez & Sánchez-Mata (2011) based
on temperature and precipitation indices. For Alaska, I used the higher-resolution regional gridded
climatic data of PRISM (Prism Climate Group 2008). In addition, I used statewide maps of topography
(DEM), land cover (Selkowitz & Stehman 2011), and fire history. While the classification was based on
the system by Rivas-Martínez & Sánchez-Mata (2011), cutpoints were modified to better differentiate
ecological zonation in transitional areas. Mapping of boundaries was based on a visual integration
and interpretation of maps of mean annual air temperature, July monthly mean temperature, January
monthly mean temperature, continentality, mean annual precipitation, topography (DEM), landcover
map (Selkowitz & Stehman 2011), and fire history. Climatic indices provided the basis for broad
regionalization, while the DEM and land cover maps provided the localized adjustment of boundaries to
better match topography and subsequent larger scale mapping of vegetation.
Vegetation Mapping
Vegetation was mapped at five hierarchical levels: (1) formation type based on physiognomy and
structure; (2) formation group differentiating zonal, extrazonal, and azonal systems; (3) formation based
on dominant growth forms with finer subdivisions than Level 1; (4) bioclimatic subdivision based on
temperature and precipitation indices; and (5) geographic sectors (variants) based on dominant species
that reflecting broad longitudinal zonation. The hierarchical system includes a Level 6 for differentiating
plant communities, but this level was not mapped at this small scale.
Mapping involved ten steps. First, existing land cover maps and ground-reference data were obtained
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from the literature and land management agencies. Second, relationships among vegetation and
terrain characteristics were obtained from the literature as a guide for interpreting satellite imagery.
Third, ancillary statewide map data were compiled, including topography (DEM), hydrography, bedrock
geology, surficial geology, land cover, and PRISM climatic maps for mean annual air temperature and
precipitation. Fourth, a new tree line map for establishing the northern and western limits of boreal
vegetation was created through manual image interpretation of a Geocover Landsat mosaic and revised
during comparison with the distribution of broadleaf and coniferous forest classes on the statewide
NLCD land cover map. Fifth, boreal vegetation was delineated over the MODIS satellite imagery (250-m
resolution) through manual image interpretation and digitizing of vector boundaries. Sixth, each polygon
was attributed using an integrated-terrain-unit approach that included classifications for bioclimate,
physiography, generalized geology, permafrost, disturbance, growth from, geographic sector, water
%, and vegetation class at Level 5 (coding system includes all 5 levels). Seventh, the boundaries were
reviewed over the higher-resolution Geocover mosaic and revised if needed. Eighth, the boundaries
were reviewed over the NLCD land cover map and revised if necessary to ensure consistency with an
independent product. Ninth, the Alaska pilot-scale map was compared with other regional maps to
identify irregularities among maps that need to be resolved before full-scale mapping of regions is
undertaken. This also included analysis of polygon sizes to evaluate consistency with map specifications.
Tenth, thematic maps were developed for vegetation class, physiography, and generalized geology to
illustrate products derived using the integrated-terrain-unit mapping approach.
Results
Bioclimatic Regions
Boreal bioclimates for Alaska were
divided into six zones based on
temperature and precipitation
indices calculated from the PRISM
climate model (Figure 1). Bioclimate
boundaries were strongly driven by
mean annual air temperature and
continentality, but also were adjusted
for differences in precipitation,
topography, and landcover (Figure
2). The bioclimates reflect lowland
temperatures and at this level do
not differentiate mountain climates
and elevational zonation. Where
temperature and precipitation
gradients were strong, the
boundaries were distinct and closely
matched climatic breaks. In areas
where gradients are gradual, such as
western Alaska, the boundaries were
less satisfactory. The boreal climates
were differentiated from Arctic
bioclimates based on temperature
and tree lines. In southeast Alaska,
the Sitka spruce–hemlock forests
were placed in a Hyperoceanic
Cold Temperate bioclimate based
on warmer temperatures, high
precipitation, and large floristic
Figure 1. Maps of climatic indices developed from regional PRISM data, and fire
history, that were used to develop boreal bioclimatic regions (black lines).
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differences, and thus excluded
from the boreal biome. The main
characteristics for each boreal
region are described below.
Continental Cold Boreal
bioclimate extends along the
southern and western portion
of the Brooks Range and along
northern Interior Alaska. Mean
annual temperatures (MAT)
generally range from -6 to -8 °C
and mean annual precipitation
(MAP) generally ranges from
200 to 400 mm. Permafrost
is continuous and fires are
frequent. Zonal vegetation
is dominated by coniferous
woodlands and low scrub, and
deciduous forests (mostly birch)
are uncommon.
Subcontinental Cold Boreal
bioclimate extends along the
southern and eastern portion
of the Brooks Range and along northern Interior Alaska. MATs generally range from -6 to -8°C and MAP
generally ranges from 300 to 600 mm. Permafrost is continuous and fires are less frequent. Vegetation is
dominated by coniferous woodlands, and tall and low scrub. Deciduous forests are uncommon and alder
tall shrub is abundant on hillsides.
Figure 2. Map of boreal bioclimates in Alaska overlain on 2001 National Land Cover
Database map (Selkowitz & Stehman 2011). Tree line denoted by blue line.

Continental Meso Boreal bioclimate extends across central Alaska and reaches its western limit along the
broad valley bottoms of the lower Yukon River. MATs generally range from -3 to -5°C and MAP generally
ranges from 200 to 400 mm in the lowlands to 800 mm in the mountains. Permafrost is discontinuous.
Fires are frequent and create a mosaic of successional stages. Vegetation is dominated by mixed
coniferous and deciduous forests and tall and low scrub. Aspen forests and steppe bluff vegetation
is a characteristic feature. The eastern portion of the region has a hypercontinental climate, but was
provisionally lumped with the broader continental region because vegetation differences are small. It
may be separated out later depending on how bioclimates are mapped in Canada.
Subcontinental Meso Boreal bioclimate extends across western Alaska from the Kuskokwim River
lowlands to the northern Nulato Hills and is bounded on the west by tree line. It also includes the
northern Alaska Range and Wrangell Mountains. MATs generally range from -1 to -5 °C and MAP generally
ranges from 400 to 600 mm in the lowlands to 800 mm in the mountains. Permafrost is discontinuous.
Fires are less frequent. Vegetation is dominated by mixed coniferous and deciduous forests and tall
and low scrub. The eastern boundary of the region is indistinct because of the low climatic gradients
and may be subject to revision. Provisional grouping of the eastern Alaska Range and Wrangells into
a subcontinental climate is problematic; it has colder temperatures and low fire frequency, but aspen
forests and Artemisia steppe-bluff vegetation typical of continental climates are common in the Copper
River Basin.
Subcontinental Warm Boreal bioclimate extends from Ahklun Mountains to the Cook Inlet Basin and
southern flanks of the Alaska Range. MATs generally range from -1 to 2 °C and MAP generally ranges from
400 to 800 mm in the lowlands to 1200 mm in the mountains. Permafrost is isolated to sporadic and fires
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are uncommon. Vegetation is dominated by mixed coniferous and deciduous forests and tall and low
scrub. A portion of the region along the southwestern Alaska is beyond tree line. Forest understory is
dominated by herbaceous vegetation.
Oceanic Warm Boreal bioclimate extends from the lower Alaska Peninsula to the end of the Aleutian
Islands. MATs generally range from 2 to 4 °C and MAP generally ranges from 600 to 1200 mm in the
lowlands to 4000 mm in the mountains. Permafrost is absent at low elevations. Forests and fires are
absent. Vegetation is dominated by tall shrubs, dwarf shrub heaths, and herbaceous meadows. The
Aleutians were assigned to the Boreal biome to be consistent with the CBVM concepts that include the
non-forested regions of eastern Canada, Iceland, Faroe Islands, and Kamchatka.  The Aleutian region
has been variously assigned to the Arctic (Viereck & Little 1972), boreal (Rivas-Martínez & Sánchez-Mata
2011), marine (Bailey 1996), Aleutian (Udvardy 1975), and maritime (Nowacki et al. 2002) climatic or biotic
regions.
Vegetation Mapping
The prototype map encompassing southwestern Alaska covers about one-fifth of the boreal biome of
Alaska (Figure 3). At the Level 1 Formation Type, Alaska was subdivided into all five physiognomic classes:
sparsely vegetated, herbaceous, shrublands, woodlands, and forest. At Level 2 Formation Group, ten
formations were differentiated, including: Alpine Scrub and Meadows, Sub-Arctic Scrub and Woodland,
Boreal Mixed Forests (includes complex patches of coniferous, mixed, and deciduous forests), Boreal Tall
and Low Scrub, Dwarf Scrub and Meadows, Coastal Meadows, Mires, Floodplain Forest and Scrub, Water,
and Ice. At Level 4, Alaska was subdivided into six bioclimatic regions listed above. During discussions
of the mapping hierarchy, regional mapping teams agreed to implement a revised bioclimatic zonation
that would incorporate integrated zones that combine both temperature (based on continentality index)
and precipitation indices, but this
revision was not incorporated
into the prototype maps. At Level
5 Geographic Sectors, 19 classes
were differentiated and named for
their bioclimatic, biogeographic,
and physiognomic characteristics.
A comparison of the Alaska
prototype map with other
regional proto-types revealed
many mapping issues to be
resolved to ensure consistent
mapping across all regions. The
Alaska prototype had too much
floodplain detail, while others
lacked sufficient floodplain
detail. Glacial physiography is
an important differentiating
characteristic for Alaska, but is
less appropriate to Canada where
most of the country was glaciated.
At the Formation Group level,
the differences between boreal
coniferous forest and sub-Arctic
woodland need better definition.
Boreal shrublands was a new
class established during the 2011 Figure 3. Proto-type map of boreal vegetation (Level 5) in southwestern Alaska. Tree
Iceland meeting to better address line is denoted by white line.
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vegetation conditions for southwest Alaska and Iceland. The Alaska proto-type map had too many
undersized polygons and will need substantial revision to meet the 1:7.5 M scale specifications. There is
a need for separate series numbers for Geographic Sectors within each region mapped by the various
national efforts to avoid code duplication among mapping teams. The review also revealed the necessity
for a uniform geodatabase to be used by all regional teams.
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Appendix 1
Preliminary Classification of Potential Natural Vegetation of Boreal Biome of Southwestern Alaska to Level
5. Nomenclature follows USDA Plants Database.
B.1.W  Boreal Sparsely Vegetated Water
B.1.W.WB.1 Warm-Boreal Southwestern Alaska Water
Large lakes with or without submergent vegetation (Nuphar lutea, Zannichellia palustris, Hippuris
tetraphylla, and Potamogeton spp.)
B.1.X  Boreal Sparsely Vegetated Ice
B.1.X.WB.1  Warm-Boreal Southwestern Alaska Ice
Large ice fields and glaciers without vegetation
B.2.K.  Boreal Herbaceous Coastal Vegetation
B.2.K.4.WB.1  Warm-Boreal Southwestern Alaska Coastal Meadows
Halophytic wet meadows on tidal flats with graminoids (Carex ramenskii, Puccinellia phryganodes,
C. lyngbyei) and forbs (Triglochin maritima, Plantago maritima, Argentina egedii ssp. egedii), and
dry dunes dominated by graminoids (Leymus mollis, Carex macrocephala, C. gmelinii) and forbs
(Lathyrus japonicus, Ligusticum scoticum, Mertensia maritima)
B.3.C  Boreal Alpine Shrubs and Subnival Vegetation
B.3.C.7.MB.1  Meso-Boreal Western Alaska Alpine Scrub and Meadows
Dwarf and prostrate shrubs (Betula nana, Salix arctica, Vaccinium uliginosum, V. vitis- idaea,
Loiseleuria procumbens, Empetrum nigrum, Dryas octopetala) with abundant mosses and
lichens interspersed with herbaceous meadows dominated by sedges (Carex bigelowii) and
forbs (Saxifraga spp.)
B.3.C.7.WB.2  Warm-Boreal Southwestern Alaska Alpine Scrub and Meadows
Dwarf and prostrate shrubs (Vaccinium uliginosum, Cassiope stelleriana, Luetkea pectinata,
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Phyllodoce aleutica) with forbs (Sanguisorba stipulata), graminoids (Hierochloe alpina, Carex
nardina, Luzula multiflora) and lichens (Cladina rangiferina, Thamnolia vermicularis)
B.3.C.7.WB.3  Oceanic Boreal Aleutian Alpine Scrub and Meadows
Dwarf and prostrate shrubs (Cassiope lycopodioides, Vaccinium uliginosum, Empetrum nigrum,
Phyllodoce aleutica, Salix arctica, Loiseleuria procumbens) and meadows (Calamagrostis
nutkaensis, Luzula arcuata spp. unalaschcensis) with mosses (Racomitrium lanuginosum) and
lichens (Cladina arbuscula)                                                     
B.3.D.  Boreal Subalpine Shrubs and Woodlands
B.3.D.10.MB.1  Meso-Boreal Western Alaska Subalpine Scrub and Woodland
Tall and low scrub (Salix glauca, S. pulchra, S. reticulata, Betula nana, Vaccinium uliginosum) with
grasses (Festuca altaica) and forbs (Artemisia arctica) and isolated deciduous forest patches
(Populus balsamifera).
B.3.D.10.WB.2  Warm-Boreal Southwestern Alaska  Subalpine Scrub and Meadows
Tall and low scrub (Alnus viridis spp. sinuata, Salix pulchra, S. scouleriana, Salix barclayi, Betula
nana)  interspersed with forb-rich meadows (Valeriana sitchensis, Geranium erianthum,
Chamerion angustifolium, Heracleum maximum, Veratrum viride, Sanguisorba stipulata,
Valeriana sitchensis, Artemisia tilesii)
B.3.D.10.WB.3  Oceanic Aleutian Subalpine Dwarf Scrub and Meadows
Dwarf shrubs (Empetrum nigrum, Vaccinium ovalifolium, Vaccinium uliginosum, Phyllodoce aleutica,
Salix arctica) and meadows rich in herbs (Thelypteris quelpaertensis, Erigeron peregrinus,
Pedicularis chamissonis) and tall grasses (Calamagrostis nutkaensis).             
                    
B.3.EE  Boreal Tall and Low Shrubs
B.3.EE.10.MB.1  Meso-Boreal Western Alaska Tall and Low Scrub
Tall shrubs (Alnus viridis ssp. crispa, Salix bebbiana) and low shrubs (Betula nana, Salix pulchra,
Vaccinium uliginosum) with grasses (Calamagrostis canadensis).
B.3.EE.10.WB.2  Warm-Boreal Southwestern Alaska  Tall and Low Scrub
Tall shrubs (Alnus viridis ssp. sinuata, Salix barclayi, S. scouleriana) and low shrubs (Betula nana,
Salix pulchra, Vaccinium uliginosum) with grasses (Calamagrostis canadensis).
B.3.EE.10.OB.3 Oceanic Boreal Aleutian Tall and Low Scrub
Tall and low shrubs (Salix barclayi) with forbs (Chamerion angustifolium, Epilobium hornemannii
ssp. behringianum, Anaphalis margaritacea, Thalictrum hultenii, Sanguisorba canadensis,
Heracleum maximum), grasses (Calamagrostis nutkaensis), and mosses (Hylocomium splendens,
Rhytidiadelphus squarrosus).                                                                               
B.3.H  Boreal Dwarf Shrub and Meadows
B.3.H.8.OB.3  Oceanic Boreal Aleutian Heath and Meadows
Heaths with dwarf shrubs (Empetrum nigrum, Cassiope lycopodioides, Salix arctica), sedges (Carex
circinnata) and forbs (Geum calthifolium) interspersed with meadows with tall forbs (Heracleum
maximum, Angelica lucida, Athyrium filix-femina, Geum macrophyllum, Claytonia sibirica,
Cardamine oligosperma var. kamtschatica) and graminoids (Calamagrostis nutkaensis, Carex
macrochaeta)
B.3.L  Boreal Dwarf Shrub Wetlands
B.3.L.8.MB.1  Meso-Boreal Western Alaska Dwarf Shrub Mires
Sphagnum-dominated bogs with dwarf shrubs (Ledum palustre ssp. decumbens, Vaccinium
oxycoccos, Andromeda polifolia), herbs (Drosera rotundifolia), sedges (Eriophorum scheuchzeri,
Carex rariflora) and mosses (Sphagnum fuscum, S. balticum, S. angustifolium, S. riparium),
interspersed with herbaceous fens with forbs (Menyanthes trifoliata, Equisetum fluviatile,
Comarum palustre, Cicuta virosa, Epilobium palustre, Galium trifidum) and sedges (Carex rostrata,
C. canescens).
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B.3.L.8.WB.2  Warm-Boreal Southwestern Alaska Dwarf Shrub Mires
Sphagnum dominated bogs with dwarf shrubs (Betula nana, Rubus chamaemorus, Oxycoccus
microcarpus, Ledum palustre ssp. decumbens) and Sphagnum mosses, interspersed with
shrubby and herbaceous fens with (Myrica gale, Menyanthes trifoliata, Carex aquatilis, C.
rotundata, C. canescens, C. lasiocarpa).
B.4.F

Boreal Coniferous Forests
B.4.F.15.MB.1  Meso-Boreal Western Alaska Spruce Coniferous Woodland
Generally lowland, permafrost-dominated forests with open coniferous tree cover (Picea mariana)
and ericaceous low and dwarf shrubs (Ledum groenlandicum, Vaccinium uliginosum, Vaccinium
vitis-idaea), few forbs (Rubus chamaemorus) and abundant mosses (Hylocomium splendens,
Pleurozium schreberi, Sphagnum fuscum)

B.5.G  Boreal Mixed or Deciduous Forests
B.5.G.14.MB.1  Meso-Boreal Western Alaska Spruce-Birch Mixed Forests
Late successional coniferous forests (Picea glauca) mixed with mid-successional deciduous forests
(Betula neoalaskana) with tall and low shrubs (Alnus viridis ssp. crispa, Rosa acicularis), dwarf
shrubs (Vaccinium vitis-idaea), forbs (Cornus canadensis), grasses (Calamagrostis canadensis)
and mosses (Hylocomnium splendens, Pleurozium schreberi) on well-drained soils.
B.5.G.14.WB.2  Warm-Boreal Southwestern Alaska Spruce-Birch-Herb Mixed Forests
Mixed coniferous (Picea glauca) or deciduous forests (Betula papyrifera var. kenaica), tall and
low shrubs (Alnus viridis ssp. sinuata, Viburnum edule, Vaccinium vitis-idaea), abundant herbs
(Gymnocarpium dryopteris, Cornus canadensis, Linnaea borealis, Equisetum arvense), and grasses
(Calamagrostis canadensis).
B.5.N  Boreal Floodplain Forests
B.5.N.14.MB.1 Meso-Boreal Western Alaska Floodplain Forests and Scrub
Mixed coniferous (Picea glauca) and deciduous forests (Populus balsamifera) interspersed with tall
and low scrub (Alnus incana ssp. tenuifolia, Viburnum edule, Salix alaxensis, Salix arbusculoides,
Rosa acicularis) with grasses (Calamagrostis canadensis), herbs (Equisetum arvense), and mosses
(Rhytidiadelphus triquetrus).
B.5.N.14.WB.2 Warm-Boreal Southwestern Alaska Floodplain Forest and Scrub
Mixed coniferous (Picea glauca) and deciduous forests (Populus balsamifera ssp. trichocarpa),
interspersed with tall and low shrubs (Viburnum edule, Alnus incana ssp. tenuifolia, Rosa
acicularis), with abundant herbs (Athyrium filix-femina, Heracleum maximum, Equisetum
arvense, Trientalis europaea ssp. arctica) and grasses (Calamagrostis canadensis).
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CBVM activities in Canada for 2010
William. J. Meades & Kenneth. A. Baldwin
Natural Resources Canada – Canadian Forestry Service, Great Lakes Centre, Sault Ste. Marie, Canada;
Abstract
The primary activities for Canada in 2010 were the production of two prototype maps of extensive areas
in Northwest British Columbia and Quebec based on the draft legend developed at the February meeting
in Helsinki. The results of the Canadian prototype mapping will follow as separate presentations. The
objective in this presentation is to describe some parallel activity related to developing the Canadian
component of the CBVM legend at levels 4 and 5 of the Helsinki draft legend.
Over the last decade The Canadian National Vegetation Classification (CNVC) Working Group has been
working towards the development of a standard for national vegetation associations and related
hierarchy (Baldwin, 2008). The Canadian system has for the most part adopted the hierarchy and
definitions proposed by the National Vegetation Classification (NVC) standard (Federal Geographic Data
Committee, 2008; Jennings et al. 2006). The following is an example of how the NVC Hierarchy might
apply to Western North American boreal forest:
Level

Example

Class

Forest

Subclass

Boreal

Formation

Upland Forest

Division

North American/Low Elevation

Macro-Group

Western North American Boreal

Group

Pinus contorta/Very Dry-Poor Sites

It is the intention of the Canadian CBVM Team to integrate to the extent possible the CNVC Macro-group
and Group Levels to Levels 4 and 5 of the proposed CBVM legend. The first approximation of Canadian
Boreal forest associations is nearing completion based on the analysis of more than 50,000 relevés. There
are also several regional phytosociological classifications of heath and wetland at the association and
alliance level. While it will be impossible to map at this level of resolution, the association and alliance
descriptions will be used to define and describe CBVM Legend at Level 4. Currently the CNVC Technical
Committee and CBVM team are using knowledge of floristic and phytosociological distribution patterns
to define the Boreal Macro-groups in Canada. Tentatively, four geographic variants at CBVM Legend Level
4 have been defined: Boreal Subalpine; Western; Central /Eastern and Sub-Arctic. Further subdivision of
the Central/Eastern region may be warranted with more in-depth analysis. The use of edatopic criteria
(soil nutrient/moisture relationships) in defining the CNVC Group level makes it particularly relevant
to defining “potential natural vegetation” for purposes CBVM mapping. It will probably be possible to
delineate CBVM polygons at a scale of 1:7.5 Million using a combination of Macro-Groups representing
bioclimatic divisions and Groups representing vegetation structure and species dominance. In 2011 the
Canadian Team will develop CBVM draft legend of zonal and azonal types comparable in detail to that
produced for Eurasia by Ermanov & Bonn (2011).

bill.meades@nrcan-rncan.gc.ca, kbaldwin@nrcan-rncan.gc.ca
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Abstract
This paper documents the application of the proposed Circumboreal Vegetation Map legend, from the
March 2010 meeting in Helsinki, to an area of the boreal region in western Canada. The area was selected
as it was possible to test the proposed legend for a large area (30M ha) with a reasonable diversity of
boreal vegetation, including forest, mire, woodland and alpine, as much is known about the vegetation
of this region. Our approach was to use existing data sources to test the legend application. The pilot
mapping produced a map for each level of the hierarchy, to Level 3, along with a fully developed legend.
As a result of the issues that arose during the pilot mapping, we propose that the primary global map
be of zonal potential vegetation only; that the lowest level units be based on broad physiognomy (Level
1) and geographic & bioclimatic sectors (Level 4); and that finer-scale vegetation units be mapped at a
larger scale and include azonal vegetation.
Keywords: Circumboreal Vegetation Map, prototype mapping, hierarchical mapping legend
Introduction
This paper documents the application of the proposed Circumboreal Vegetation Map (CBVM) legend,
from the March 2010 meeting in Helsinki, to an area of the boreal region in western Canada. The area
was selected as it was possible to test the proposed legend for a large area (30M ha) with a reasonable
diversity of boreal vegetation, including forest, mire, woodland and alpine, as much is known about the
vegetation of this region.
The proposed legend for the CBVM was developed in concept with only full development of the highest
levels of the hierarchy – this pilot was to test the application of legend to see what hierarchy level could
be mapped reasonably, at the scale of mapping, and to see what issues, if any, might arise, so that these
could be rectified in a revision of the legend.
The western Canadian boreal forest and woodland is characterized by Pinus contorta and Abies lasiocarpa,
in conjunction with the Canadian boreal trees such as Picea glauca, Picea mariana, Populus tremuloides,
Populus balsamifera and Betula papyrifera.
Approach
Our approach was to use existing data sources to test the legend application. The data available for
mapping included:
• 1:250,000 maps of biogeoclimatic zones and subzones (Pojar et al. 1987), which are areas of
uniform climate as determined by the distribution of zonal ecosystems
• 1:250,000 maps of Broad Ecosystems (RIC 1998) which are comprised of ecosystem units based
on the integration of vegetation, terrain (surficial material), topography and soil characteristics
(abbreviated BEI – Broad Ecosystem Inventory).
• MODIS satellite image (supplied by David Selkowitz of USGS, Anchorage, AK).
Step 1: The BEI polygons were overlayed on the MODIS image to check for correspondence.
Step 2: The Broad Ecosystems were evaluated and BEI polygons assigned to a legend category.
In some cases, the legend required further development in order to accommodate all Broad
Ecosystem Classes.
Step 3: A map for each hierarchical level of the classification was produced using the BEI and
biogeclimatic mapping layers.
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Results
The pilot mapping produced a map for
each level of the hierarchy, to Level 3,
along with a fully developed legend
(Table 1). As the pilot area was in one
Level 4 area – the Western Canadian
Boreal – the Level 3 map is actually also
a map of Level 4 (see Figure 1 for the
most detailed map). Two options were
produced for Level 2 – one using a zonal
ecosystem approach (Fig. 2), the other a
‘site ecosystem approach’ where zonal
and azonal vegetation was mapped (Fig.
3). Table 1 presents the map legend.
In our first step of comparing the MODIS
image to the BEI polygons, we found
very good correspondence (Fig. 4),
so are confident that our mapping is
Figure 1. Level 4 map for sample area of western Canada CBVM pilot
reasonably consistent with that which
was completed in the other pilot areas.
Discussion
In applying the legend to the pilot area, certain assumptions were necessary, as the legend and
approach were not fully developed. These are presented by hierachical level of mapping, as follows:
Level 1: Formation Type. This level is intended to map “Broad physiognomy and structure”. We
applied the suggested classes to the zonal vegetation so the map displays one or two broad
physiognomic classes over large areas (see Table 1, Level 1). The lower elevations of the western
mountains and the Alberta plateau are mapped as forest, even though there are other phygiognomic
classes in this portion of the map. The high-boreal and subalpine woodlands are mapped as
shrubland and woodland,
as although the area is
predominantly woodland
as a zonal physiognomy,
the treeline subalpine
is a zone of shrubland
dominated by Betula
nana and some Salix
spp. Similarly, although
most of the alpine has
a herbaceous zonal
physiognomy, the high
alpine is generally
sparsely vegetated and
so both physiognomic
classes are combined for
Figure 2. Level 2 zonal map for western Canada CBVM pilot
the alpine area.
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Level 2: Formation Group. This level is to map “Zonal, extrazonal or azonal formation groups” – see Table
1. We interpreted this in two ways:
-- As a map of the zonal potential vegetation formation: in this case, the formation group
of the zonal vegetation was applied to large map areas (Fig. 2).
-- As a map of site potential vegetation, i.e., including large areas of azonal vegetation (Fig.
3).
We did not map any
extrazonal formation
groups. It is our feeling
that mapping azonal
formations should occur
at a lower level of the
hierarchy, as it appears
to overly complicate the
map at such a high level of
the hierarchy. In addition,
we note that in America’s
vegetation hierarchy, bog
& fen are a formation and
swamp & marsh are a
formation – which differs
from the approach in the
Figure 3. Level 2 zonal and azonal map for western Canada CBVM pilot
CBVM legend.
Level 3: Formation.
This level is intended to
subdivide Formation Groups
based on “vegetation
dominant growth forms”
(see Table 1). The legend
was not fully developed
for this level, so we made
some assumptions on the
categories. Although we
proposed many level 3
units, most are not possible
to map at the scale of 1:7.5
M. However, if larger scale
maps are produced to
Figure 4. Broad ecosystem polygons overlayed on MODIS image
support the smaller scale
map, some of these may be possible so would need to be considered and correlated across the CBVM
map. We also question whether Light vs Dark evergreen needleleaf classes are consistent with the
proposed criteria for this level.
Level 4: Formation Variants. Level 4 combines “geographic (floristic) and bioclimatic” criteria to map
variants (see Table 1). In our pilot area, only one Level 4 unit is evident – the overall floristic composition
is similar throughout this area. Any significant compositional or strucutural aspects within the pilot area
are already considered by Levels 1 through 3 of the hierarchy. We suggest that it would be beneficial
for understanding of the map if the geographic and bioclimatic variants be in separate levels of the
hierarchy. We also feel that there will be too many units to map at this level for a global map product. We
suggest that the variants of formations are specific to a formation.
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Proposal
As a result of the issues that arose during the pilot mapping, we propose the following:
• That the first global map be of zonal potential vegetation only – azonal vegetation be
mapped only in larger scale maps.
• For the first global map that the lowest level units be based on broad physiognomy (Level
1) and geographic & bioclimatic sectors (Level 4). We suggest that the Russian map of Galina
Ogureeva et al. 1999 (Ogureeva 2010) is similar to what we are proposing.
• That finer-scale vegetation units be mapped at a larger scale and include azonal vegetation.
This map product would be a supporting GIS map coverage that would allow for more
accurate statistics or descriptions of the content of the first map and allow for much greater
use of the map and related products. The map would be a “MODIS-interpreted Level 5” GIS
database.
Table 1. Western Canada Boreal Pilot Legend
Level
1

Level Level Level
2
3
4

B.1 & B.2 Boreal Herbaceous & Sparsely Vegetated Formation Type
C. Boreal Alpine Formation Group
C.1  Alpine Tundra Formation
C.1.w

Western North America Alpine Tundra Variant
Festuca altaica, Salix reticulata, S. polaris, Artemisia norvegica, Hierochloe alpina, Luzula
spicata, Cassiope tetragona

C.2 Alpine Sparse Vegetation Formation
C.2.w

Western North America Alpine Sparse Vegetation Variant
Alpine fellfield, wind-swept ridges, rock with lichen cover.

B.3 & B.4 Boreal Woodland & Shrubland Formation Type
D. Boreal Subalpine Formation Group
D.1 Boreal Subalpine Woodland Formation
D.1.w

Western North America Boreal Subalpine Woodland Variant
Picea glauca and Abies lasiocarpa open forest with understory of Betula nana, Salix glauca,
Empetrum nigrum, Festuca altaica

D.2 Boreal Subalpine Shrubland/Krummholz Formation
D.2.w

Western North America Boreal Subalpine Shrubland/Krummholz Variant
Gernerally dense scrub of Betula nana and Salix spp. with some scattered Abies lasiocarpa
or Picea glauca.

D.3 Boreal Subalpine Meadow Formation
D.3.w

Western North America Boreal Subalpine Meadow Variant
Meadow and grassland with Festuca altaica, Artemisia norvegica, Potentilla diversifolia,
Arnica latifolia

J. Boreal Steppe Formation Group***
J.2 Boreal Steppe Formation
J.2.w

Western North America Boreal Steppe Variant
Stunted Populus tremuloides, Amelanchier alnifolia, Rosa woodsii, Arctostaphylos uva-ursi,
Elymus trachycaulus, Leymus innovatus

L. Mires (bogs and fens) *
L.1 Boreal Mire Formation****
L.1.w

Western North America Boreal Mire Variant
Picea mariana, Ledum groenlandicum, Vaccinium vitis-idaea, Sphagnum spp. (angustifolium,
capillifolium, fuscum, magellanicum)
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Level
1

Level Level Level
2
3
4
L.2 Boreal Marsh Formation*****
L.2.w

Western North America Boreal Marsh Variant
Carex utriculata, C. aquatilis, Equisetum fluviatile, Schoeoplectus acutus, Typha latifolia

B.5 Boreal Forest Formation Type
F. Boreal Coniferous Forest Formation Group
F.1 Dark Evergreen Needleleaf Boreal Coniferous Forest Formation
F.1.w

Western North America Dark Evergreen Needleleaf Boreal Coniferous Forest Variant
Picea glauca & Picea mariana upland forests generally with Pinus contorta and Populus
tremuloides. May include Abies lasiocarpa.

F.2 Light Evergreen Needleleaf Boreal Coniferous Forest Formation
F.2.w

Western North America Light Evergreen Needleleaf Boreal Coniferous Forest Variant
Open Pinus contorta forests on dryer upland sites.

G. Boreal Mixed or Deciduous Forest Formation Group
G.1 Boreal Mixed and Deciduous Forest Formation
G.1.w

Western North America Boreal Mixed & Deciduous Forest Variant
Populus tremuloides stands, generally mixed with Picea glauca.

M. Boreal Swamp and Fen Forests
M.1 Boreal Swamp Forest Formation ^
M.1.w

Western North America Boreal Swamp Forest Variant
Picea glauca and tall Salix spp. swamps

M.2 Boreal Fen Formation ^^
M.2.w

Western North America Boreal Fen Variant
Larix laricina with shrubs such as Betula glandulosa and Myrica gale, and Carex spp.
dominating understory. Also sedge fens.

N. Boreal Floodplains  **
N.1 Boreal Floodplain Formation
N.1.w

Western North America Boreal Floodplain Variant
Populus balsamifera, Picea glauca and mixed stands on floodplains. Lower floodplains often
of Salix exigua.

* fens could be herbaceous
** could be boreal floodplain vegetation that is shrubby
*** mostly shrubby
**** Mires could be broader than 'western'
***** Marshes should be with richer wetlands; also can be wide ranging
^ should swamp forests include shrublands?
^^ should fens be with bogs?
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Abstract

The results of the Québec pilot project to map a portion of the boreal zone of Northeastern America
using a proposed CBVM legend are presented. Based on satellite imagery analysis, ground plots and
the use of existing maps, a method was used that integrates vegetation and physical features such as
surficial deposits, geology of bedrock, elevation and permafrost presence or abundance. The boreal zone
covers 71 percent of Québec’s land mass, or over 1,000,000 km². This zone is constituted of balsam fir and
spruce-moss forests, spruce-lichen open forests, and forests-tundra transition vegetation. The vegetation
of this huge area is well documented for some southern portions and poorly documented for others. The
result of this integration of environmental factors is a map of the regional landscape that also represent
our knowledge and comprehension of factors of the territory. This area was divided into 29 potential
vegetation mapping units of more than 500 km2, belonging to seven different “Level 5 classification
units” according to the CBVM proposed legend. This pilot project demonstrates that the method used
can be applied over large area at reasonable cost and time.
Keywords: Mapping, vegetation, forest, bedrock geology, surficial deposit.
Introduction
Following the CBVM meeting in Helsinki in 2010, three pilot projects were initiated for the vegetation
mapping of the boreal zone of North America. The objective of this document is to present the results
of the Québec pilot project to map a boreal zone of Northeastern America with the CBVM legend.
The approach is inspired by the one applied from 2006 to 2009 (Robitaille & al. 2008) to a large part of
Québec’s boreal forest at the scale of 1:100,000. Based on satellite imagery analysis, ground plots and
the use of existing maps, this method produces a map that integrates vegetation and physical features
such as surficial deposits, geology of bedrock, elevation and permafrost presence or abundance. This
approach can advantageously be applied at different scales, including the scale of 1:7,500,000 that is
proposed for CBVM.
The experience in ecosystem mapping in Québec will be shortly presented along with the objectives
of the pilot project, geographic location and description of the area. The mapping method and its
adaptation to the desired scale for CBVM will follow. Finally, we will present the results of the pilot project
and discuss some issues that emerged during this process.
Experience in Ecosystem Mapping in Québec
Since the 1960s, the department of Forest inventory has periodically produced forest maps of the
southern portion of boreal zone at scale of 1:20,000 (Robert & Robitaille, 2009a, 2009b) for the area under
forest management (it represents more than 500,000 km2). These integrated eco-forest maps include
permanent elements of the environment as well as present and potential vegetation. It is produced from
interpretation of numerical images viewed in 3D on a computer screen.
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In the early 2000s, a new project started to map the middle portion of the boreal zone, north of the
Forest Management Units. This program, now completed, includes less detailed maps at a scale of
1:100,000 and covers a territory of 240,000 km2. The classification of the vegetation is, for this project,
simpler than the one developed further south (Létourneau & al. 2008). But it’s more general, faster to
conduct, less expensive for it uses remote-sensing tools.
For the northern portion of the boreal zone, whose extends over 700,000 km2, there is no vegetation
map. However, the Ministry is about to start a small scale vegetation mapping project for this area
(Leboeuf et al. 2011). The approach presented for the pilot project is largely inspired from the approach
developed and applied to the middle portion of Québec’s boreal vegetation zone. Data base for the
southern and the central portion of the boreal zone is therefore already available. We decided not to
use it for the pilot project, in order to test the method and the Modis tool. However, for a mapping at
the continental scale we know that the work process (A or B) will differ depending on the nature and
scale of the available cartographic data. At what scale would the decision be made to retrieve existing
data or analyze MODIS imagery? Process A would be suited to areas with little or no documentation,
whereas process B would be used for areas with detailed vegetation maps, which should be synthesized.
Process A requires
ground and aerial
controls of the MODIS
imagery to supply data
for automated mapping
software (e.g. Definiens).
It will help determine
the tool’s limitations (i.e.
the most that can be
drawn from the imagery
for recognition of the
vegetation to be mapped).
It will make it possible to
test and finalize the CBVM
legend and to guide the
degree of synthesis sought
for areas where  detailed
maps are available (in
order to have a balanced
map). Process B will be
based on the use of
detailed maps as “control
points” for interpreting
MODIS imagery. It will
Fig. 1. Québec’s pilot project mapping area.
require few or no ground
control points.
Objectives of the North American Pilot Project
Following the North American Sault Ste. Marie meeting (December 2009) and the CBVM Helsinki meeting
(March 2010) three pilot projects were initiated in North America. One in Alaska, another in British
Columbia and an eastern project in Québec.
The main objectives of the project are to:
1. Test the application of the proposed CBVM legend for the boreal zone using Modis images.
2. Evaluate the feasibility of mapping the boreal zone at the scale of 1:7,500,000 using a method
developed for landscape level ecosystem mapping.
3. Prepare recommendations for the CBVM legend working group.
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Geographic Location and Description of the Area
The area selected for the Québec Pilot project was located in northeastern America and was a transect
120 kilometers wide and 1100 kilometers long and ran from the southern margin of the boreal zone
to the tree line delimiting the Arctic zone (Fig. 1). In total it covers about 132,000 km2. This area is
characterized by multiple relief types, altitude zones, climate zones, vegetation patterns, permafrost
zones, fire and insect disturbances, various surficial deposits and bedrock geology. Forest management
activities are limited to the southern portion of this transect. Examples of landscape diversity in the area
are indicated in Figs. 2 and 3.

Figure 2. A. Continuous boreal forest subzone, black spruce
(Picea mariana) and transitional white birch (Betula papyrifera),
latitude 49° N. Source: Robitaille, A., MRNF.

Figure 2. C. Forest fire. Source: Robitaille, A., MRNF.

Figure 2. B. Alpine forest, Monts Groulx, white spruce (Picea
glauca) and black spruce (1000 m a.s.l.; 52° N). Source:
Robitaille, A., MRNF.

Figure 2. D. Taïga subzone, black spruce and lichens open
forest (53° N). Source: Robitaille, A., MRNF.

At the southern margin of the boreal zone, the characteristic vegetation is a closed forest dominated
by coniferous species (Abies balsamea, Picea glauca) with some islands of deciduous broadleaf species
like white birch (Betula papyrifera) or trembling aspen (Populus tremuloides). A little further north, the
continuous coniferous forest of black spruce (Picea mariana) largely dominates the landscape. There
are also some high elevation sectors reaching 1000 meters showing a decrease of the mean annual
temperature and a substantial increase in precipitation. These conditions are accompanied by the
occurrence of permafrost along with alpine vegetation, which are typical of the Québec’s Arctic zone.
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The middle portion of the transect shows the transition between the closed forest and the taiga,
with more open forest and very large areas of woodlands with ericaceous species and lichens in the
understory.
The northern part of the boreal zone marks the transition to tundra and is termed the forest-tundra
domain. There are vast areas ravaged by fires which burn lichens and heath. Here, the forested vegetation
is located only in sites sheltered from the winter winds. Close to the Arctic zone, the treed vegetation
is generally confined to the more fertile and sheltered terraces along rivers. Permafrost is frequently
observed there.

Figure 3. Forest tundra subzone (58° N). Source: Lévesque, R, Poly Géo inc.

Methods
The mapping method applied to this CBVM pilot project is largely inspired by previous work on the
middle portion of the boreal zone. This approach is similar to that of Sayre & al., (2009) for which there are
four main steps (Fig. 4):
1. Acquisition of base maps such as elevation, hydrography, and surficial deposit (Fulton,
1995), geology (MRN 1993), permafrost (Allard & Séguin 1987), and preliminary bioclimatic
zones and subzones map (Saucier et al. 2011). This information was used to delineate and
characterize the physical regional landscapes according to the Robitaille & Saucier (1998).  
2. Acquisition and preparation of MODIS image and training data acquisition (by the mean of
control points) along flight lines over the area to be mapped.  For the purpose of this pilot
project, approximately 800 aerial control points were selected following a sampling plan to
describe the diversity of spectral signatures of the pixels and the diversity of the landscape
units. A picture of each control point was taken and georeferenced using a camera coupled
with a GPS. The detailed maps of the southern part were also used as control points. These
control points were then precisely located on the MODIS image.
3. Vegetation mapping was made using expert opinion based on the characteristics of the
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MODIS image using the aerial control points as ancillary information. Vegetation polygons
were then delineated inside each regional landscape using strong discontinuities. For this
exercise, no segmentation software was used because of the small area to be mapped and
also because of the minimum mapping area of 500 km2. This approach differed from the
previous work. However, we think it is still possible to use automatic delineation software
(Definiens 2006) that gave excellent results in the middle boreal portion of Québec.
4. Assignment of a dominant vegetation formation to each vegetation subunit according
to CBVM legend and description of mapping unit with a set of physical variables such as
elevation, relief, geology, surficial deposit, and permafrost in a database.

Figure 4. Tools and approach for ecosystem mapping using segmentation software.

Results
Regional Landscape
Two main information types were used during the mapping process. First, physical variables were used to
delineate and characterize the regional landscapes and then the vegetation data. Physical environmental
variables were used, because they influence soil development, ecosystem productivity, water availability
and vegetation. Data for these variables is available and mapped for the entire boreal zone of Canada.
The first map (Fig. 5a) indicates elevation classes for the study area, which spans from zero to 1000 meters
by 80 meter classes.  The second map (Fig. 5b) shows different categories of surficial deposits based on
parent material (clay, sand, blocks, etc.). The origin of the deposit is also considered: glacial, glaciofluvial,
marine, etc.
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This third map (Fig. 5c) shows the
geological formations. The categories
are retained for their influence on site
fertility and stoniness of the deposits that
are derived from the bedrock (igneous,
sedimentary, etc.). The fourth map (Fig. 5d)
shows distribution of the permafrost in
four types: (continuous, discontinuous and
abundant, discontinuous and scattered,
and sporadic).
The result of this integration of
environmental factors is a map of the
regional landscape which also represents
our knowledge and comprehension of
ecological factors of the territory. Figure
6 shows the integrated landscape
and vegetation units while table 1
presents an extract of the database of
the descriptive data completed with
information on the potential vegetation
of the landscape units.
Vegetation Units
At the end of the mapping and
classification process, the study area
was divided into 29 potential vegetation
mapping units of more than 500 km2,
belonging to seven different Level 5
classification units according to the
CBVM proposed legend (Table 2). The
whole study area belongs to the Eastern
North America boreal vegetation.
From South to North, the study area
shows a gradient of temperature that
induces a succession from Low boreal
forest community, to High boreal lichen
heathlands. Some maritime influences
are also noted due to the proximity of
the Gulf of Saint Lawrence. Also, some
altitudinal gradient influences the
vegetation distribution.
At the southernmost margin of the study
area, forests belong to Low Boreal fir
forest with maritime influence (F.1.2.1
in table 2). They are dominated by
coniferous species like balsam fir (Abies
balsamea) and white spruce (Picea
glauca), usually with black spruce (Picea
mariana) or some deciduous species
like white birch (Betula papyrifera) or
trembling aspen (Populus tremuloides)

Figure 5 A. Physical variables for the study area: altitude

Figure 5 B. Physical variables for the study area: geology

Figure 5 C. Physical variables for the study area: surficial deposit
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after disturbance. Black spruce
communities (F.1.1.2) are also
important on poorer sites, and in
the whole Middle Boreal, while
Jack pine (Pinus banksiana) and
larch (Larix laricina) depend on
disturbance to maintain in the
landscape.
In the Middle Boreal, closed crown
black spruce forest dominates
(F.1.1.2). The maritime influence
makes the balsam fir and the
white birch more abundant than
in more continental landscape.
However, on poorer sites, or at
higher elevation, the black spruce
forest is more open and the dwarf
birch (Betula glandulosa) appears in Figure 5 D. Physical variables for the study area: permafrost
the opening along with ericaceous
shrubs (F.1.1.1). In the landscapes units where precipitation is lower or with dryer surficial deposits, the
open forest is replaced by a fire driven woodland (E.1.3.1) that looks like sub-Arctic woodlands even if the
average temperature is still characteristic of the Middle boreal.  
The Sub-Arctic Woodland is the matrix potential vegetation of the High Boreal. Sparsely dispersed black
spruce, which regenerates mostly by layering, dominates a lichen understory (E.1.2.1). Some forest stands
can also be found in richer sheltered areas, like river valleys.
At the northernmost extent of the boreal, in a transition to the Arctic, High Boreal Sub-Arctic Shrubland
with sparse trees and lichens (E.1.1.1) alternates with High Boreal Sub-Arctic Lichen Heath with sparse
trees (E.1.1.2). The abundance of black spruce, larch and dwarf birch distinguish those two communities.
For those vegetation units, the mapping process also provides information on all the physical variables
that helped to define the landscape units. Also, the classification of the vegetation was helped by the
knowledge of the zonal sites of each landscape unit. The link between the mapping units and the
descriptive database will be useful for the comparison of the vegetation units with the rest of the boreal
and for eventual users of the CBVM.
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Figure 6. Vegetation map and regional landscape units.
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Table  2. CBVM classification units for the Québec boreal pilot project
Eastern Canada (Qc) Boreal Pilot Legend
Level
1

Level Level
2
3

Level Level
4
5

A. Arctic
B.1 & B.2 Boreal Herbaceous & Sparsely Vegetated Formation Type
B.3 & B.4 Boreal Woodland & Shrubland Formation Type
B.4.

E. Boreal Sub-Arctic Woodlands Formation Group (including subactic shrubs and dwarf shrubs)
E.1 Boreal Sub-Arctic Woodlands and Shrublands Formation
E.1.1 Eastern North America High Boreal Sub-Arctic  Shrubland\Heath Variant
E.1.1.1 Eastern North America High Boreal Sub-Arctic Shrubland with sparse trees (Picea
mariana, Betula glandulosa, Larix laricina) and lichens
E.1.1.2 Eastern North America High Boreal Sub-Arctic Lichen Heath with sparse trees (Picea
mariana, Larix laricina, Betula glandulosa)
E.1.2 Eastern North America High Boreal Sub-Arctic Woodlands Variant
E.1.2.1 Eastern North America High Boreal Sub-Arctic Woodland (Picea mariana, Abies
balsamea, Picea glauca, Betula papyrifera, Populus spp, Betula glandulosa on richer sites and
Picea mariana and Larix laricina elsewhere)
E.1.3 Eastern North America Middle Boreal Sub-Arctic Woodlands Variant
E.1.3.1 Eastern North America Middle Boreal Sub-Arctic fire driven Woodland (Picea
mariana, Larix laricina, Pinus banksiana, Betula papyrifera, Populus spp, Balsam fir, Picea
glauca, Betula glandulosa)

B.5 Boreal Forest Formation Type
F. Boreal Coniferous Forest Formation Group
F.1 Dark Evergreen Needleleaf Boreal Coniferous Forest Formation
F.1.1 Eastern North America Dark Evergreen Needleleaf Middle Boreal Coniferous Forest Variant
F.1.1.1 Eastern North America Middle Boreal Spruce Open Forest (Picea mariana, Larix
laricina, Betula papyrifera, Betula glandulosa, Populus spp, Picea glauca, Balsam fir)
F.1.1.2 Eastern North America Middle Boreal Spruce and Fir Forest with maritime influence
(Picea mariana, Balsam fir, Betula papyrifera, Populus spp, Pinus banksiana, Larix laricina)
F.1.1.3 Eastern North America Middle Boreal Spruce Forest with continental influence (Picea
mariana, Pinus banksiana, Betula papyrifera, Populus spp,  Larix laricina)
F.1.2 Eastern North America Dark Evergreen Needleleaf Low Boreal Coniferous Forest Variant
F.1.2.1 Eastern North America Low Boreal Fir Forest with maritime influence  (Balsam fir,
Betula papyrifera, Picea glauca, Picea mariana, Pinus banksiana, Larix laricina, Populus spp)
F.1.2.2 Eastern North America Low Boreal Fir Forest with continental influence  (Balsam fir,
Picea glauca, Betula papyrifera, Populus spp, Picea mariana, Pinus banksiana, Larix laricina)
F.2 Light Evergreen Needleleaf Boreal Coniferous Forest Formation
F.2.e Eastern North America Light Evergreen Needleleaf Boreal Coniferous Forest Variant
G.1 Boreal Mixed and Deciduous Forest Formation
G.1.e
Eastern North America Boreal Mixed & Deciduous Forest Variant

Conclusion and Perspectives
This pilot project shows that the method used can be applied over large area at reasonable cost and
time. The map for the study area was made following a systematic process that can guarantee consistent
results if applied to another region. For further work, the use of segmentation software could be an
improvement on larger areas but, due to the chosen scale, the mapping units will still be heterogeneous.
In fact, at the scale selected for the end product of CBVM (1:7,500,000), only the dominant formation of
each landscape unit can be expressed. Using a more detailed scale or a smaller minimum mapping area

79
would result in a larger number of legend entries. Where detailed maps exist (like in the southern part of
Québec’s boreal) a more detailed map can be achieved easily by reclassifying the mapping units in the
simplified legend of the CBVM. For a mapping in the continental scale we know that the work process will
differ depending on the nature and scale of the available cartographic data.
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An Overview of the Role of Remote Sensing in the Production of the
Circumboreal Vegetation Map (CBVM)
David J. Selkowitz
U.S. Geological Survey, Alaska Science Center, Anchorage, Alaska, U.S.A.
Extended Abstract
The Circumboreal Vegetation Map (CBVM) currently under development will map the potential natural
vegetation of the boreal forest biome at a scale appropriate for regional to global scale analysis.  The
CBVM will be similar to the Circumpolar Arctic Vegetation Map (CAVM) (Walker et al. 2005), and along
with the CAVM will form a seamless vegetation map that extends to the southern limit of the boreal
forest biome.  Spaceborne remote sensing played an important role in the production of the CAVM and
will play a similar role in the production of the CBVM. For regional to global scale mapping efforts such as
the CAVM and the CBVM, spaceborne remote sensing provides a consistent “wall to wall” image product
with spectral data appropriate for discriminating vegetation units at a spatial resolution appropriate for
regional to global mapping.
The CBVM mapping approach is similar to the approach used for the CAVM. Teams of vegetation experts
from each CBVM region (e.g., Alaska, Scandinavia, Kamchatka) will identify boundaries of distinct
phytogeographic units and provide a descriptive label for each unit that is consistent with the global
CBVM legend.  In order to accomplish these tasks, CAVM mappers used a 1.1 km spatial resolution
multispectral base map composite image from the Advanced Very High Resolution Radiometer (AVHRR).  
CBVM mappers will use a 250 m spatial resolution multispectral base map composite image from the
Moderate Resolution Imaging Spectroradiometer (MODIS) onboard NASA’s Terra satellite.  MODIS has
been collecting imagery since 2000 and offers several key advantages over the older AVHRR instrument,
including a higher spatial resolution, additional spectral bands, and more accurate pixel georegistration
(Justice et al. 1998).  The MODIS image composite that will be used by CBVM mappers was created
by the Canadian Center for Remote Sensing (CCRS) and further improves upon the standard MODIS
composite image products available from NASA.  The CCRS product uses an adaptive normalization
and regression technique to provide data from all seven land imaging spectral bands at 250 m spatial
resolution (whereas MODIS bands 3-7 are only available at 500 m spatial resolution from the standard
MODIS products), as well as advanced cloud and cloud shadow detection algorithms to ensure that
pixels included in the composite image were imaged under clear sky conditions (Trishchenko et al.  2009,
Luo et al.  2008, Trishchenko et al. 2006). Additionally, the CCRS MODIS product is gridded to a Lambert
Azimuthal Equal Area projection rather than the standard NASA Sinusoidal projection that introduces
significant image geometric distortion at higher latitudes.
Although the MODIS composite imagery will serve as the primary resource for mapping teams, the teams
will also have access to a variety of additional spatial data products.  Teams will have access to several
higher spatial resolution imagery datasets, including images acquired by the Landsat TM and ETM+
sensors, Quickbird, IKONOS, and in some cases, aerial photography.  Mappers will also have access to
interpolated climate surfaces and digital elevation models (DEMs).  The higher spatial resolution imagery,
climate surfaces, and DEMs will assist mappers in providing the most accurate labels for phytogeographic
units they have identified using the MODIS composite imagery.
Acquisition of the CCRS MODIS composite imagery and dissemination of this product to the CBVM
dselkowitz@usgs.gov
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Figure 1. Circumpolar Arctic mosaic developed by the Canadian Center for Remote Sensing, with CBVM pilot mapping areas shown
in yellow.

leadership and regional mapping teams represents a crucial first step in the development of the CBVM.  
The MODIS base map imagery will serve as an essential visual frame of reference for the CBVM leadership
as vegetation experts from different regions work to resolve differences of opinion in order to develop
a map legend that remains consistent and appropriate across the entire CBVM mapping domain.  Once
the legend has been finalized, mapping teams will be able to move forward with the most labor intensive
phase of the project, identifying and labeling polygons corresponding to distinct phytogeographic units
across the boreal forest biome.
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GLORIA in the Arctic – Short Introduction
Starri Heiðmarsson1, Anna Maria Fosaa2 & Stephen Talbot3
1

Icelandic Institute of Natural History, Akureyri Division, Borgir, Nordurslod, IS-600 Akureyri, Iceland;
2
Faroese Museum of Natural History, Debesartrøð, FO-100 Torshavn, Faroe Islands;
3
U.S. Fish and Wildlife Service, 1011 East Tudor Road, Anchorage, Alaska 99503 USA,
Abstract

GLORIA (Global Observation Research Initiative in Alpine Environments) is presented, its purpose, layout
and status at present in the CAFF area. Seven GLORIA-sites have been established in the area, in the USA,
Greenland, Iceland, the Faroe Islands, Sweden and Russia and four more sites are planned in Canada,
Greenland and Norway (Svalbard). The first sites where established in 2001. Baseline data has been
gathered from the established sites although all of it has not been processed yet and three of the sites
have been revisited.
Introduction
GLORIA is an international research initiative concentrating on monitoring summits at elevation gradient
above the treeline. The project was introduced to the CAFF Flora Group at the Fourth International
Conservation of Arctic Flora and Fauna (CAFF) Flora Group Workshop in the Faroe Islands 2007 (Nagy
et al. 2008). At that workshop it was agreed upon that the CAFF Flora Group should recommend to its
members to establish a GLORIA site.
The project was initiated by an Austrian group in Vienna led by Dr. Georg Grabherr. The first GLORIA-sites
where established in 2001, altogether 18 sites in Europe. Two of the sites established in 2001 are within
the Arctic or sub-Arctic area, in Latnajaure in Sweden and Polar Urals in Russia. At present there are 93
active target regions worldwide; of these seven are located in the Arctic or sub-Arctic and four more are
planned.
Methods
A comprehensive field manual for the project has been published (Pauli et al. 2004) and can be accessed
at www.gloria.ac.at/?a=20. The main points of the manual are as follows. The target region should include
at least four summits extending from the natural treeline, where applicable, up to the limits of (vascular)
plant life if possible. It is important that the summits within each target region have similar general
climatic situation. The summits are chosen to fulfil the requirements of being neither an active nor
dormant volcano; where the geomorphologic summit shape is moderate, being neither too steep nor to
flat; the bedrock of all summits is similar and preferably with little to no land use present. At each summit
the highest summit point is marked and 5 m vertically below that there are laid out 3x3 m permanent
quadrat cluster which of each square meter of each corner is studied thoroughly concerning at least the
vascular plants and preferably the lichens and mosses too. In the permanent plots detailed vegetation
recording is conducted including cover estimates and frequency counts. An overview of a summit
and the permanent points marked out can be seen in Figure 1, which originated from the Gloria Field
Manual. Temperature loggers, recording hourly readings of soil temperature are in connection with the
permanent plots at each summit, i.e., four loggers at 5 m vertically below the highest point in each main
starri@ni.is, anmarfos@ngs.fo, stephen_talbot@fws.gov
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Figure 1. Overview of a summit and the permanent points marked out, from Pauli et al. (2004, fig. 8.2)

compass direction.

Results

At present there have been established seven GLORIA sites in the CAFF area. These are, with year
established in parentheses: Latnajaure, Sweden (2001), Polar Urals, Russia (2001), Selawik National Wildlife
Refuge, Alaska (2007), Brooks Range Central/Atigun Syncline, Alaska (2007), Tröllaskagi, Iceland (2008),
Zackenberg, Greenland (2008) and Streymoy, Faroe Islands (2009). Four sites are planned, these are:
Monts Groulx, Quebec, Rocky Mountains/N-Yukon, Yukon, Angujartorfiup, Greenland and Svalbard. There
is a substantial difference in latitude between the sites, with Streymoy, the southernmost established site,
on 62°N and Zackenberg, the northernmost established site, on 74°N. Difference in altitude between the
sites is also substantial, in Zackenberg the summits range from 90-605 m a.s.l. while the Icelandic site at
Tröllaskagi ranges from 520-1250 m a.s.l.
Only few of the GLORIA sites in the Arctic have been remonitored and the results have not been
published yet. The baseline data from some of the sites have been publishes as for Zackenberg in
Greenland (Ertl et al. 2009) while the baseline data for most of the other sites are still being processed.
Conclusions
The value of the GLORIA-project to Arctic monitoring is high. The data collected will give valuable
baseline for future monitoring with methods that have been thoroughly scrutinized and will furthermore
be comparable to other mountain areas of the world (a list of publications related to the project can be
assessed at: www.gloria.ac.at/?a=24). The temperature loggers used in the GLORIA project will give data
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on temperature and good indication on snowcover and seasonality at the sites. It would further be of
interest to establish some Master sites in the Arctic area where more abiotic and biotic parameters are
taken into account. The GLORIA network is truly an international network of scientists and gives a great
opportunity for comparison between sites within the Arctic as well as with other areas in the world
which, because of altitude, bear resemblance with the Arctic vegetation. The establishment of more
GLORA sites will therefore increase substantially terrestrial monitoring in the Arctic and compile data
which is comparable to data from other GLORIA sites further south.
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Þjófafoss, or "thieves waterfall", in the Þjórsá river, in Rangárvallasýsla, North Iceland. Photo: Sigurdur H Magnusson
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International Arctic Vegetation Database (IAVD)
Progress Report on the Arctic Vegetation Database
Martha K. Raynolds
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Abstract
A workshop on the Arctic Vegetation Database was held on 30 January 2011 in Akureyri, Iceland. A
summary of this workshop was presented to the CAFF Board Biennial Meeting in Akureyri, on 2 February
2011.
Description of the Project
The project includes several components. It is based on
a list of all the vascular plants, bryophytes and lichens
that exist in the Arctic. This list will be used to determine
the subset of rare or endangered species (Red List). A
subset of the species will be illustrated on an Arctic
Flora web site. The list will also be used to standardize
nomenclature for a database of vegetation plot data.
In turn, the vegetation plot data will be analyzed to
determine recurring Arctic plant communities.
The goals of the project are to 1) produce a complete
list of  vascular plants, bryophytes and lichens that
exist in the Arctic species, 2) to compile an extensive
database of Arctic vegetation plots, and 3) to produce
a comprehensive list of Arctic plant communities. All of
these data will be easily accessible, permanently hosted,
and updatable.

Hvannalindir, an oasis in the Icelandic highlands Photo:
Courtney Price

Species Lists
The vascular plant list is being compiled by Reidar Elven of Norway and others. The list includes
approximately 2870 taxa. It is being entered into database at Oslo, and is expected to be publicly
available in May 2011.
The lichen species list is being compiled by Hörður Kristinsson of Iceland. The list includes 1699 lichen
species and 331 species of lichenicolous fungi. The list is in a database format, and is being put on CAFF
Arctic Biodiversity Portal. The expected date of availability of list on CAFF web portal is March 2011.
The bryophyte species list is being compiled by René Belland of Canada. The list includes 542 moss
species and 205 liverworts for Eurasia and 800 species of mosses for North America. The list for North
America mosses is in a database, and the list of North America liverworts still being compiled. The list
for Eurasia is still just on paper, though some researchers have electronic lists. The expected date of
completion of the North America moss list is March 2011. The date of the compiled Arctic list is later in
2011.
mkraynolds@alaska.edu
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Arctic Vegetation Database
The Arctic Vegetation Database will begin as a prototype,
using a small number of relevés that are already in
database format. The software Turboveg, the international
standard software for vegetation plot data, will be used
for the database. The prototype database can be created
without waiting for the finalized species list, as the
Turboveg species list can be updated at any time. The
prototype will be used as a product for crafting a funding
proposal.
There will be a meeting at the Rome European Vegetation
Survey in April 2011 of people interested in this project,
they will work on the Arctic Vegetation Database funding
proposal. The purpose of the proposal would be to get
funding for someone to do the database work for the
Arctic Vegetation Database, and for student/assistant
time to work with researchers to get their data into the
Armeria maritima, sea-pink or thrift, a circumpolar plant proper format for importing into the database. Those who
of coastal habitats. Photo: Courtney Price
are making presentations at the European Vegetation
Survey meeting will mention progress on the Arctic
Vegetation Database project.
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Abstract
In January 2011 we developed the first Red List for Arctic vascular plants following the 2001 IUCN Criteria
for Red Listing.  Species nomenclature follows the Panarctic Flora (PAF). We reviewed all species in the PAF
list and then produced an initial list of rare plants for further assessment.  Project completion is planned
for 2013.
Keywords: Red list, vascular Arctic plants, rare species
Introduction
Why is a Red List of Arctic plants needed? The Arctic is one of the most undisturbed parts of the world,
but environmental changes and threats occur even here. and a faster pace than elsewhere With the
effects of climate change, there will be changes among the vascular plants, however, we don’t know
which species will be affected and if there will be an increase or decrease in species abundances. There
are several regional and national Red Lists, but no common international IUCN list for the Arctic region
exists. Due to large gaps in our knowledge of population trends and statuses of vascular plant species in
the Arctic, it is difficult to get an Arctic overview over their situation. An earlier project (Talbot et al. 1999)
presented an atlas of rare endemic vascular plants of the Arctic.
Materials and Methods
The Arctic vascular plants Red Listing project will follow the IUCN guidelines (IUCN 2001) for basic rules
and definitions, and IUCN (2006) for the more detailed definitions and use of the Red Listing system.
Categories used are indicated in Fig 1. In the first phase, all vascular plants occurring in the Arctic are
classified in three major groups; NE (Not evaluated) = species which have their main distribution outside
the Arctic, LC (Least Concern) = species with their main distribution inside the Arctic, and that are
frequent to common with no negative trend and no known threats, preliminary red listed = very rare
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species, declining species and threatened species. A critical review will also be done out of national red
lists to get candidates for the Arctic Red List.
Taxonomy of Arctic vascular plants was until recently complicated, due to the existence of differing
regional taxon concepts and lack of universal use of names in the Arctic. In June 2011 the Panarctic Flora
was published by Elven (2011); it helped elucidate many taxonomical problems and provided a common
treatment for all the Arctic vascular plant species. The Arctic Red List will be developed using the
Panarctic Flora and will primarily address Threatened species rather than species of lower conservation
concern such as Near Threatened or Least Concern categories.

Extinct - EX

Endangered - EN
Vulnerable - VU
Near Threatened - NT

Not Evaluated - NE

Critically Endangered- CR

------------Threatened-----------

Extinct in the wild - EW

Data Deficient- DD

-----------------------------Red Listed------------------------

Fig. 1. Threat Categories (IUCN, 2001)

Least Concern- LC
Not red-listed

The candidate list will then be passed through the Criteria system for Red Listing, which includes
a significant gathering of data. The criteria for threat categories are (IUCN, 2001):  1. Considerable
population reduction – different percentage thresholds on declining speed in relation to generation
time; 2. Restricted range or occupation and decline, fragmentation or extreme fluctuation; 3. Small
population and decline; 4. Very small population; and 5. Quantitative analysis.  The result of this process
will be a preliminary Red List that will be circulated for comments and improvement of data. After this
step is complete, the final proposed Red List will be prepared and published. Following a review of our
list by the IUCN, a list of IUCN Arctic Red Listed species will be produced.
Timetable
Preliminary list prepared and circulated – February 2012
Comments back – 1 April 2012
First draft version of Red List prepared, gathering of supporting data starts – 1 September 2012
Second version of Red List prepared and circulated – 1 November 2012
Comments back – 1 January 2012
Final Red List and Red List sheets prepared – 1 February 2012
Red List ready for publishing including information on species – 1 May 2013
Results
We prepared a preliminary Red List based on the collective knowledge in our group. For example
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we present a single page of this list to indicate examples of the rare species that may eventually be
designated Threatened (Fig. 2). The full list of the species reviewed from the Panarctic Flora is available on
the CAFF Flora Group (CFG) Internet site.
Fig. 2. Partial table indicating some of the species reviewed for potential Red Listing.

Conclusions and Recommendations
Knowledge on Arctic vascular plants is young, but good if compared to other groups of plants or fungi,
and includes a good overview regarding the taxonomy and distribution of Arctic species. The distribution
of these species is known in a broad way, but information is still very sparse as to their detailed
distribution.
There is very little species-specific information such as the number of individuals and population trends
available to answer several of the Red List criteria. An important task in the coming years is to set up a
monitoring scheme that addresses these knowledge gaps. After the proposed Arctic Red List is prepared,
the next step will be to establish a monitoring process every ten or twenty years as part of an assessment
for Convention on Biodiversity and the ongoing climate change. Further work will also include
production of Red Lists for bryophytes, lichens, algae and fungi.
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Abstract
The Arctic floristic region comprises a unique and coherent set of plants adapted to extreme cold,
covers a vast area of the globe, and is still little influenced by alien species. Climate change will affect the
abundance and distribution of Arctic plant species, including the spread of invasive aliens. Documenting
the current status of species, especially those considered threatened, prior to extensive change due to
climatic or other stressors and monitoring their status over time is urgently needed. While the recent
Annotated Checklist of the Panarctic Flora –Vascular Plants (Elven 2011) provides an excellent taxonomic
framework covering all species in the Arctic, there remain serious gaps in our knowledge of Arctic plant
species, and up-to-date information on distribution and taxonomy is needed. The first Red List for
Arctic vascular plants scheduled for completion in 2013 will provide a preliminary assessment of their
conservation status, identify which species may be of conservation concern, and serve as a baseline for
monitoring their status. Monitoring programs focusing on Red Listed species are essential to track their
status and health, and provide trend data for future Red List evaluation. Here we provide an overview
of current initiatives aimed at gathering base-line information on Arctic plant diversity, an overview of
current monitoring efforts focusing on rare Arctic plant species, and briefly discuss monitoring methods.
Keywords: Knowledge gaps, monitoring vascular plants, Red List
Introduction
The Arctic flora is a unique and coherent set of plants adapted to the extreme cold and often dry Arctic
environment.  Although the vascular plant flora is young with low species numbers (ca. 2,220 species),
the flora is a coherent unit with a high percentage of circumarctic species, high levels of polyploidy,
a predominance of long-lived perennial species, and its own endemics. One of its most important
characteristics is the lack of strong influence by alien species. The Arctic flora covers a vast area of the
globe, and is the largest floristic region still primarily in its original native state.
There is still much we have to learn about the Arctic Flora. The recent publication of the Annotated
Checklist of the Panarctic Flora (PAF) Vascular Plants (Elven 2011) has improved our understanding
considerably of the species present. However, due to the taxonomic complexities of many Arctic genera
their species are still poorly understood and much taxonomic work remains to be done to thoroughly
understand the species present. We are a long way from having comprehensive baseline data on Arctic
plant species such as taxonomic status, distribution, phenology, and ecology. One major challenge is
the vastness of the Arctic, and the inaccessibility of many or most Arctic regions. There is a great need to
establish baseline data and to monitor the status and health of Arctic plants species, and climate change
has only accentuated this need.   
lgillespie@mus-nature.ca; mora.aronsson@slu.edu; smickertbond@alaska.edu;
henry.vare.helsinki.fi; kristine.westergaard@nina.no.
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Climate change is the most serious threat in the Arctic, and one that will affect the entire Arctic today and
in the near future. It is hard to predict what direct effects climate change will have on Arctic plant species,
as many of them naturally are suffering from climatic stress. Some species will decline in abundance
and distribution and some will increase as a result of whatever changes in climate that will take place.  
One indirect effect of climate that will be easier to detect is the increase and expansion of alien species
that in the future will compete with native ones.  More localized threats that are increasingly becoming
a problem are habitat decline and destruction due to expansion of villages, mining, oil production and
popular sites for ecotourism.
There exist many reasons for monitoring Arctic plants, and many goals, including monitoring the impact
of climate change, vegetation change, and the status of rare species. There are currently numerous
monitoring programs across the Arctic that focus on or include plants (summarized in Terrestrial Expert
Monitoring Group 2011); most of these concern monitoring vegetation composition and structure often
with the goal of determining trends due to climate change, some involve monitoring specific useful
species such as those that produce edible berries. Methods include the use of indicators, population
estimates of species, vegetation plots or transects, and aerial or satellite image analysis. Indicators may
include specific indicator species (e.g., species sensitive to change or useful species), movement of
tree-line or other vegetation boundaries, or changes in floristic components. Here we will focus on the
monitoring of rare Arctic plant species, specifically tracking the status and health of Red Listed species.
The Red List is an internationally accepted inventory of threatened and near-threatened species
evaluated using standardized criteria set out by the IUCN; a Red List may be assembled on a global,
regional, or by country-wide scale. The goals of the Red List are to identify and document those
species most in need of conservation attention, and to provide a global index of the state of change
of biodiversity. The aims are to establish a baseline and to monitor changes in the status of a species.  
Monitoring rare species is essential as it provides the trend data for future Red List evaluation. The Red
List is an important tool for biodiversity assessment and conservation prioritization. This information may
be used to feed into conservation management programs to decide if and what protection measures and
recovery plans are necessary.
Results and Discussion
A Red List for Arctic Vascular Plants
The first Red List for all Arctic vascular plants is being compiled by CAFF Flora group members, and is
scheduled for completion in 2012-13  (Aronsson, et al., 2012). The Annotated Checklist of the Panarctic
Flora –Vascular Plants (Elven 2011) provided the starting point for this list. So far, we have selected a
candidate list of 164 species, and further in-depth evaluation will be made in early 2012. This Red list
will be comprised of mainly rare endemic species due to the lack of good monitoring data—with few
exceptions there is currently almost no trend data available on Arctic vascular plant species.   
Baseline Information on Arctic Plant Biodiversity
Baseline information on biodiversity is essential prior to establishing a monitoring program and
determining trends. While there are numerous regional floristic publications available, these tend to be
out-of-date and lack in-detail information. The recent Annotated Checklist of the Panarctic Flora –Vascular
Plants (Elven 2011) provides an excellent framework covering all species in the Arctic, but the list does
not give detailed information on any species. There are currently few initiatives that are working at
providing in-depth and up-to-date baseline information of plant biodiversity in the Arctic.  The online
Flora of Svalbard (svalbardflora.net) provides detailed distribution maps for Svalbard, and has plans for
in-depth information on species. The newly initiated Arctic Flora of Canada and Alaska project (http://
arcticplants.myspecies.info/) proposes to produce a flora for all vascular plants in the Arctic ecozone in
Canada and northern Alaska. Building on the Annotated Checklist of the Panarctic Flora –Vascular Plants
(Elven 2011), new digital interactive flora will provide accurate and up-to-date information on Arctic
plant species, including distribution maps, taxonomic treatments and plant images.
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An excellent example of recent fieldwork providing important new data for species assessments even in
relatively well known parts of the Arctic is provided in Table 1. Increased knowledge resulting from recent
fieldwork was responsible for the majority of category changes in the Svalbard Red List of plants (16 of 28
species).
Gathering botanical data is often challenging in the Arctic due to the vast area to cover and the difficult
and costly access.  Many areas remain botanically unknown or poorly known. Are species not present
in an area due to a knowledge gap or are the species truly absent? One way to help to overcome these
challenges is to work together in international teams to explore botanical “hotspots”.  These areas of high
endemism and diversity may be the result of highly variable microclimatic conditions or may be due to
isolation combined with a mild climate providing ideal conditions for an increased rate of speciation
(e.g., Wrangel Island, Petrovsky 1988). Areas in the Beringian Arctic with particulary high species diversity
include Wrangel Island and the easternmost Chukotsk Peninsula together with westernmost Alaska.
Table 1.  Svalbard vascular plants species that have changed IUCN red list category from 2006 to 2010.  Red Listed categories:
CR = Critically Endangered, EN=Endangered, VU = Vulnerable, NT = Near Threatened; LC = Least Concern (not Red Listed).
Arabis alpina

NT  LC

Arctagrostis latifolia

VU EN

Betula nana

EN NT *

Calamagrostis purpurascens

EN  VU *

Campanula rotundifolia

EN VU *

Campanula uniflora

LC NT *

Carex capillaris (fuscidula)

CR VU *

Carex krausei

EN VU *

Carex lidii

NT VU

Comastoma tenellum

CR EN *

Draba fladnizensis

NT VU

Erigeron eriocephalus

EN VU *

Honckenya peploides

LC NT

Luzula arcuata

DD LC

Luzula wahlenbergii

VU NT

Poa pratensis colpodea

Unclear  NT

Potentilla insularis

NT LC

Puccinellia angustata palibinii

CR NT *

Puccinellia nutkaensis

VU  NT

Puccinellia phryganodes neoarctica

DD VU *

Puccinellia svalbardensis

LC CR *

Ranunculus wilanderi

CR EN *

Sagina caespitosa

CR EN

Saxifraga oppositifolia smalliana

Unclear DD

Sausurea alpina

CR NA *

Tofieldia pusilla

NT LC *

XArctodupontia scleroclada

CR EN *

* the results of recent fieldwork, and thus increased knowledge.
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Current Monitoring Efforts on Threatened Arctic Plants
Monitoring is an essential component of the Red List as it provides trend data that will be essential when
undertaking a Red List reassessment. There is currently very little in-depth monitoring taking place on
the status and health of Arctic plants species that are considered threatened or near-threatened.  The
most ambitious of these are the two taking place in Svalbard and Alaska.  
The Arctic plant monitoring program in Svalbard is being carried out at two sites, Colesdalen Valley
and Endalen Valley. The one at Colesdalen is specifically concerned with monitoring plants that are
Red Listed in Svalbard.  The flora of the relatively warm south-facing slopes in the Colesdalen Valley is
very well documented (Alsos et al., 2004). In 2008-09, a program to monitor population trends in five
vascular plants, of which four are Red Listed, was initiated in Colesdalen: the annual herb Euphrasia
wettsteinii (EN), the perennial herb Campanula rotundifolia ssp. gieseckiana (EN), and the dwarf shrubs
Vaccinium uliginosum ssp. microphyllum (CR), Empetrum nigrum ssp. hermaphroditum, and Betula nana
ssp. tundrarum (EN) (Alsos 2011). They all occur as thermophilous species in a south-facing slope with
favourable climate. Since they are at their climatic limit in Svalbard, they are expected to be sensitive
to climate change. The four Red Listed species are about to get their own action plan (Alsos & Arnesen
2009). Their local distributions are very well documented, and the monitoring focuses on population
dynamics and development using permanent plots (0.5 x 0.5 m) that are re-assessed at a regular
interval. In addition, the local climate and physical conditions at the habitats are being monitored.  Some
examples of the monitoring of these species follow:
• For E. wettsteinii, the floristic content of 77 permanent plots (0.5 x 0.5 m) was quantitatively
analyzed in 2008, and the presence of E. wettsteinii in these was re-checked in 2009 and 2010.
• For C. rotundifolia ssp. gieseckiana, 20 plots (0.5 x 0.5 m) were established in 2009 to follow the
development of two selected populations in Colesdalen.
• For V. uliginosum ssp. microphyllum, 20 plots (0.5 x 0.5 m) were established in 2009 to follow
the development of the two clones that are present in Colesdalen.
• For E. nigrum ssp. hermaphroditum, 20 plots (0.5 x 0.5 m) were established in 2009 to follow
the development of two out of several areas were the species is present in Colesdalen.
• For B. nana ssp. tundrarum, 20 plots (0.5 x 0.5 m) were established in 2009 to follow the
development of the scattered populations present in Colesdalen.
The presence of each of the five species was registered within 100 smaller plots of 5 x 5 cm within each
of the main plots in 2009 and 2010. The monitoring will hopefully continue in 2011, and hopefully also in
the following years.
In Alaska, the National Park Service and its Arctic Network of Parks Inventory and Monitoring program
is actively engaged in doing fieldwork in remote regions to describe current biodiversity and to give
land managers and other agencies the information needed to make more informed decisions about
protecting potentially rare and endangered species (Parker 2006; Racine et al. 2006). Similarly, the U.S.
Department of the Interior, Bureau of Land Management (BLM) is also actively monitoring rare plants in
Alaska (Carroll et al., 2003; Cortés-Burns et al., 2009). The University of Alaska Fairbanks, who administers
the Toolik Field Station, has several Long-Term Ecological Research sites in the northern foothills of the
Alaska Brooks Range.
In Canada, there are numerous monitoring programs in the Arctic (summarized in Terrestrial Expert
Monitoring Group 2011), but none have focused on rare plant species and only some include such
species.  Most work has focused on assessing Arctic plant species and synthesizing existing data on
potentially rare species. There are currently few field programs focusing specifically on monitoring of
rare Arctic plant species. In 2006 the Government of the Northwest Territories (NWT) published a report
listing all wild species and their general status ranks for the Northwest Territories (Working Group on
General Status of NWT Species 2006). These status rankings ('May Be at Risk', 'Sensitive', 'Secure', 'Alien'
and 'Undetermined') serve to prioritize species for detailed status assessment within the Northwest
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Territories and Canada. Five plant species were identified as both 'May Be at Risk' in the NWT and globally
rare, of which three are Arctic species, Braya pilosa (Hairy Rockcress), Mertensia drummondii (Drummond
Bluebell), and Puccinellia banksiensis (Banks Island Alkali Grass) (http://nwtspeciesatrisk.ca/tiki/tiki-index.
php?page=RarePlants). The NWT Species Monitoring Infobase (http://nwtspeciesatrisk.ca/tiki/tiki-index.
php?page=Infobase) is a searchable catalog of referenced information on NWT species that includes
information on habitat, distribution, population, threats, and status. In 2011 the Government of NWT
conducted a field survey of Braya pilosa that will provide the base-line for future monitoring. The species
is thought to be known from only one location on Cape Bathurst (Harris 2004), but this has been disputed
by Elven et al. (2011) who considers it to be more widely distributed along the Arctic coast to Alaska and
possibly Far East Russia. These differing opinions are likely based on differing taxonomic interpretation,
emphasizing the need for expanded taxonomic research on Arctic plants.
In Russia we are not aware of programs specifically for monitoring Red Listed or rare Arctic plant species,
however, at least one program includes data on rare species. An extensive network of biodiversity
monitoring sites at a level of local floras has been established in the Asian part of the Russian Arctic
(Yurtzev et al. 2001, 2002, 2004). This program termed local floras monitoring is aimed at determining
zonal floristic trends, gradients of taxonomic parameters, and spatial structure of species diversity at local
and regional levels.
While the CAFF Circumpolar Biodiversity Monitoring Program (CBMP) is promoting active engagement
of local communities in monitoring programs (Gofman 2010), the formation of formal networks in the
Arctic as a whole has been rather slow. CBMP recently established a Terrestrial Expert Monitoring Group
whose goal is to develop a “multi-disciplinary, integrated, pan-Arctic, long-term terrestrial biodiversity
monitoring plan” (Terrestrial Expert Monitoring Group 2011).
Monitoring Methods for Tracking Red Listed Species
Red List assessments use IUCN criteria (IUCN 2001, 2011) to assess the conservation status of species.  
Other species at risk (Canada) or endangered species (U.S.) assessments use comparable criteria. All of
these assessment methods require data on the number and size of populations, preferably over time.  
Thus methods for monitoring Red Listed species focus on determining or estimating the number of
populations and the size of each population of a given species. For species highly restricted in range and
numbers of individuals it may be possible to count all known individuals, but for the majority of species
the number of individuals will need to be estimated (e.g., plant density x area covered).  Location and
precise GPS coordinates need to be recorded.
Population trend data is the most informative data for assessing species, but is unfortunately often
not available for plants. Trend data for a species is obtained by monitoring the number and size of
populations over time. This should be done at regular intervals using the same method as originally used
to determine or estimate population size. The resampling period (annually, every two years, etc.) will
depend partly on the longevity of the species. Depending on the distribution and density of a species,
the use of permanent quadrats may be advantageous.
Although these methods sound straightforward, numerous decisions need to be made, such as how to
define a population (may be difficult for species with a scattered distribution), how to count individuals in
clonal species, etc.
Recommendations
• Baseline data is still urgently needed for Arctic plants, including accurate distributional data.  
• Numerous taxonomic problems still need to be resolved in certain Arctic species complexes
for species to be characterized and to enable their identification.  
• Organize international botanical field expeditions to Arctic regions having high endemism
and diversity (“hotspots”).
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• Encourage taxonomic research on Arctic plants and the development of easily accessible online floras and identification tools
• A standardized set of protocols for monitoring Red Listed plants throughout the Arctic is
needed.
• Work with the Terrestrial Expert Monitoring Group and researchers/ biologists in individual
countries to facilitate the development of a standardized set of protocols for monitoring Red
Listed plants throughout the Arctic.
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Abstract
The Arctic Plant Portal project aims to build a web-based portal to showcase vascular plant species
present within the Arctic boundaries with their own page containing transnational, standardized
information. The Portal may serve the diverse needs of researchers, conservation managers,
management representatives, and the general public for retrieving quality controlled Arctic biodiversity
information, which otherwise is often only found on the northern outskirts of other biodiversity webpages. This paper presents an overview of the information that could be included in the Portal through a
prototype of a species page.
Keywords: prototype species pages, Arctic vascular plants, plant distribution, conservation.
Introduction
According to the latest taxonomic treatment in the Panarctic Flora checklist for vascular plants (VPAF;
Elven, 2011), the Arctic flora consists of approximately 2,200 species and subspecies in addition to several
apomictic aggregates and collective species. The VPAF checklist is now available as a database at the
Natural History Museum (University of Oslo, Norway) homepage (www.nhm.uio.no/english/research/
infrastructure/paf/). However, the VPAF checklist does not describe species and their biology and
ecology, and thus there is a demand for an Arctic Flora Portal that will allow users to find transnational
and standardized taxonomic, morphologic, ecologic, distributional, and conservation information on all
vascular plants of the Arctic.
The work on an Arctic Flora Portal was initiated at the Fourth International Workshop of the CAFF Flora
Group in 2007 (Kuss & Walker 2008). There participants proposed that, in addition to having a database
that combines and standardizes floristic information, it would be important to link this information
to a vegetation database with detailed species-cover information from Arctic plant communities. This
would serve as a reference base for taxonomists, field botanists, conservation managers, management
representatives, and ecological modelers, but would also be valuable for educational purposes.
The long-term golden goal is to have a complete, web-based Arctic Flora, however this would require a
lot of effort and financial support, particularly for writing species descriptions, verification of specimens
in herbaria and ensuring that only geo-referenced specimens are used for the distributional data. Here
we aim to propose how to build and administrate a portal primarily based on information derived from
VPAF and existing web-resources that will guide users to access other species information available
online. We also present a prototype of a species page as it might be presented on the future portal.
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Description of the Arctic Plant Portal prototype
The goal of the Arctic Plant Portal
is to present each vascular plant
species present within the Arctic
area as described in VPAF, their
distribution and frequency in
the different VPAF floristic (also
called biogeographic) regions and
bioclimatic zones, their regional
(and later also Panarctic) red-list
status, and other relevant links to
information regarding each species.
The coherent taxonomy in the VPAF
checklist will be the basis of each
species page, and all synonyms will
be included to ensure that available
data on each species can be found.
A species page (Fig. 1) would
ideally include a relatively short
Example of planned Arctic Plant Portal species page
and concise species description,
a short description of its habitat,
its conservation status, and high-quality photos of the species (close-up of important morphological
characters, the whole plant, and the habitat). Circumarctic record maps based on herbarium specimens
with updated nomenclature and controlled georeferencing are not available; instead the species pages
will include a map showing presence and frequency in the 21 different floristic regions, and a bar
indicating its presence in the six different bioclimatic zones.
We plan to provide direct links to species’ pages at other web-resources. Existing regional web-based
floras, maps, and checklists are e.g. Svalbardflora.net (http://svalbardflora.net), The Swedish Flora (Den
Virtuella Floran, in Swedish, http://linnaeus.nrm.se/flora/), Flora of the Canadian Arctic Archipelago
(http://nature.ca/aaflora/data/), The Icelandic Flora (http://www.floraislands.is/), Maps of plant species in
Iceland (http://vefsja.ni.is/website/plontuvefsja/), and The Flora of North America (http://www.fna.org/).  
Outlook
Representatives of the Flora Group will work together with the CAFF secretariat to test the feasibility of
this concept during 2012. We will focus on a subset of species, and the plan is to make species pages for
ten rare and ten common species. The CAFF secretariat has offered to host and maintain the Arctic Flora
species pages as part of their Arctic Portal (http://caff.arcticportal.org).
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