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Preface
In November 2008, an international Circumboreal Vegetation Mapping (CBVM) workshop
was convened in Helsinki, Finland. This workshop was a major step toward achieving the
CBVM goal to provide a common international framework for understanding the boreal
region. Currently, various maps already exist of the boreal biome, but these do not rely on a
unified international method for classifying and mapping boreal
vegetation. By recognizing the boreal region as a single geoecosystem with a common set of cultural, political and economic
issues, the CBVM will be the first detailed vegetation map of the
entire global biome. Such a map is needed for a wide variety of
purposes related to resource development, land-use planning,
studies of boreal biota and biodiversity, education, anticipated
global changes and human interaction. A common legend and
language for describing boreal ecosystems is essential for answering questions at a global
scale. Boreal forests are particularly appropriate for unified classification because of their
high level of floristic, physiognomic and syntaxonomic similarity across the entire biome. A
circumboreal vegetation map will have numerous other application uses for boreal scientists
and managers such as impact studies on wildlife and feedback mechanisms in models or
increased emission of greenhouse gases. The CBVM will also contribute to global efforts to
improve understanding and communication with policy-makers.
A secondary goal is to make the map compatible with the Circumpolar Arctic Vegetation Map
(CAVM, scale 1:7,500,000) to the north. Linking
these two global-scale maps is necessary because
very few issues relevant to the Arctic or the boreal regions stop at tree line. For example, most rivers flowing into the Arctic Ocean have their origin far to the
south of the tree line. Climate and vegetation-change
models, analysis of animal migrations, roads and industrial developments, and arctic-human interaction
all require maps that include both the Arctic tundra
and boreal forest regions.
The tasks listed above are directly related to activities of the International Association for Vegetation
Science (IAVS) (http://www.iavs.org/); the CBVM is
now formally recognized as an IAVS Working Group:
1. The Circumboreal Vegetation Map will synthesize comprehensive knowledge about diversity,
ecology, geography and disturbance of boreal
biome;
2. The CBVM is based on international scientific
cooperation of phytosociologists from wide spectrum of countries; and

3. The basic scientific problems solved within the
frame of the CBVM correspond to the actual
thematic activities in the IAVS meetings. These
include:
- classification of vegetation of large regions
- development of the system of bioclimatic subdivisions of vegetation
- plant-geographical and evolutional regularities in
boreal vegetation
- monographic study of entire (largest) biome
- dynamic and disturbance of boreal vegetation
- small-scale geobotanical mapping
- boreal vegetation in satellite images
Toward these goals we held an international workshop in Helsinki, Finland, during the period November 3-6, 2008, to develop a strategy to map the
vegetation of the circumboreal zone. 50 vegetation
scientists from 10 northern countries attended.
The proceedings of the workshop were published
as Conservation of Arctic Flora and Fauna (CAFF)
Technical Report No. 21 <http://caff.arcticportal.org/
document-library/technical-reports>. The CBVM
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group serves under the Arctic Council as part of the
Conservation of Arctic Flora and Fauna (CAFF) Program within the CAFF Flora Group (CFG).
Participants at the 2008 Helsinki workshop expressed
overwhelming support for the CBVM project and
recommended follow-up workshops to deal with
major tasks. Accordingly, further discussions were
held at the 6th International CAFF Flora Group and
CBVM Joint Workshop, Uppsala, Sweden, April 1-3,
2009; a North American CBVM Team workshop,
Sault St. Marie, Canada, December 1-2, 2009; and
CBVM Workshop, Helsinki, Finland, March 10-14,
2010.
I am particularly grateful to a number of colleagues
who graciously hosted the above workshops: Mr.

Mora Aronsson (ArtDatabanken, SLU, Swedish
Species Information Centre, Uppsala), Dr. William
Meades (Great Lakes Forestry Centre, Sault Ste. Marie, Ontario, Canada), Dr. Heikki Toivonen (Finnish
Environment Institute, Research Department, Helsinki), and to the CAFF Board for their strong, continuing support of the project. Herein, we are pleased
to combine some of the workshop papers, abstracts,
and summaries into a single CAFF Report. For the
CBVM the papers document the overall progression of the CBVM project. Following the welcoming address, this report is divided into two sections,
one focusing on vegetation mapping and the second
focusing on flora.
November 2010                                                      
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Address to the Flora Group Meeting April 1 – 3, 2009 at Uppsala,
Sweden
Sune Sohlberg
CAFF National Representative for Sweden
Swedish Environmental Protection Agency
S-106 48 Stockholm, Sweden
Tel: +46 8 698 13 36
Email: <sune.sohlberg@naturvardsverket.se>

Introduction:
It is a pleasure to be at your fifth meeting hosted by the Swedish Species Information Centre. I speak on behalf of CAFF and its Chair Inge Thaulow and can assure you that we highly appreciate your good work. The
work of the CAFF Flora Group (CFG) and Arctic Council (AC) started in practise eight years ago when I had
the privilege to be CAFF chair. The formal decision was taken at CAFF VIII in 2000 at Trondheim, Norway.
Before that time you were a productive informal group to CAFF.
The CFG has produced valuable input to our joint
work to conserve Arctic Flora. I certainly like to
mention the Circumpolar Arctic Vegetation Map
(CAVM) as one good example. The creation of this
map initiated a new CAFF product – the maps. Today you are deeply involved in your next map activity
– the Circumpolar Boreal Vegetation Map (CBVM).
Among the core areas of CAFF’s Work Plan that the
CFG may really support are: 1. nature and biodiversity management issues, 2. response to climate change,
3. adaptability, and 4. communication and outreach.
I will highlight three CAFF activities that will benefit
from support of the CFG and its members. These are
Circumpolar Protected Area Network (CPAN), Circumpolar Biodiversity Monitoring Program (CBMP)
and Arctic Biodiversity Assessment (ABA).
1. Circumpolar Protected Area Network (CPAN)  
CPAN Expert Group is not active at the moment
due to heavy work load. However, an update of
the protected areas is included in the ABA under
the lead of Canada. Furthermore, there is a strong
focus on this issue globally from the Convention
on Biological Diversity (CBD) and regionally in
the Barents Euro-Arctic Cooperation, especially
between Finland, Norway, Sweden, Russian Federation and relevant Russian regions. CAFF and
CBD are expected to sign an agreement on collaboration at the next Ministerial Meeting in Tromsø
in the end of April.  
2. Circumpolar Biodiversity Monitoring Program
(CBMP)  The Arctic Climate Impact Assessment
(ACIA) published in 2004 recommended longterm Arctic biodiversity monitoring to be expand-

ed and enhanced. CBMP is CAFF’s response to
the global importance of the Arctic’s biodiversity,
the increasing pressures on Arctic biodiversity
and human communities, and our limited capacity to monitor and understand these changes.
The CBMP is a mechanism for harmonizing and
enhancing long-term biodiversity monitoring
efforts across the Arctic in order to improve our
ability to detect and report on significant trends
and pressures. The CBMP will facilitate the integration and coordination of a multidisciplinary,
integrated ecosystem-based approach to research
and monitoring through the development of five
integrated Expert Monitoring Groups (Marine,
Coastal, Freshwater, Terrestrial Vegetation and
Terrestrial Fauna).  Each group will be comprised
of existing place-based and network-based research and monitoring programs utilizing both
community-based and other scientific monitoring
approaches, representing a diversity of expertise
and monitoring capabilities.  Special attention
will be paid to community-based observations
and citizen science, understanding the value and
significance of local people living in the Arctic
environment and their contribution to the monitoring of Arctic biodiversity.  
Over the next five years, the CBMP will focus its
efforts on the following key areas:
a. Developing a strategy for building and maintaining a comprehensive and cost-effective circumpolar monitoring   program that addresses current
deficiencies;
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b. Coordinating and integrating biodiversity monitoring programs and promoting standardized
measures and harmonized data protocols;
c. Assessing current monitoring capacity and design to identify elemental, geographic, and statistical design deficiencies and inefficiencies;
d. Interpreting, integrating, and communicating existing biodiversity information (establishing statistical baselines and retrospective assessments);
e. Developing data-management structures and a
Web-based data portal for the synthesis, analysis,
and dissemination of biodiversity information;
f. Identifying and initiating pilot monitoring projects, where clear gaps exist;
g. Reporting on the status of Arctic biodiversity
and the issues facing it, using diverse formats for
communication, education and outreach at the
global, national, regional and local levels.
This information will also be found on the CAFF
website. CBMP is currently led from a Canadian
office by Canada and US supported by CAFF chair
and a steering group with additional representatives from Iceland, UNEP Grid Arendahl/UNEP
WCMC, and Giwich’in Council International/
Arctic Athabaskan Council. The implementation
phase described above started March 6 -7, 2008 at
an international workshop in Washington ”Building a Partnership for Enhanced Understanding
and Conservation of Arctic Biodiversity.”
3. Arctic Biodiversity Assessment (ABA)
The Arctic Biodiversity Assessment (ABA) is an
innovative and important exploration of Arctic
biodiversity. Its purpose is to synthesize and assess the status and trends of biological diversity in
the Arctic. The ABA is the response of the Arctic
Council to the United Nations UNEP /CBD 2010
global target to halt or significantly reduce biodiversity loss.  It also responds to the Millennium
Development Goal Nr. 4 to ensure environmental
sustainability. In addition, there is a proposal for
the ABA to be the Arctic Council’s contribution to
the International Biodiversity Year in 2010.
ABA will serve as a baseline for use in assessments
of Arctic biodiversity and further inform Arctic
Council work. The baseline will be used to identify: 1. gaps in the data record, 2. main stressors,
3. key mechanisms driving change, and 4. produce
recommendations. Greenland/Denmark/Faroes
have stepped forward alongside Finland and US

as co-leads of the assessment.  Hans Meltofte has
been appointed as Chief Scientist for the Assessment. ABA is led by Finland, Greenland/Denmark
and US. CAFF is supported by a steering group
with representatives from Finland, US, Greenland/Denmark, UNEP Grid Arendahl/UNEP
WCMC and Giwich’in Council International/Arctic Athabaskan Council.
Phase 1 of ABA will produce a short 2010 Arctic
Highlights Report. This report will present 21
indicators based on those developed by CBMP. An
Arctic Trend Index will be developed for this report. Authors have been identified and CAFF will
prepare this report as an Arctic Council contribution to the United Nations Biodiversity Target and
International Biodiversity Year in 2010. Phase 2
of ABA will be a full assessment to be presented
at the Ministerial Meeting in 2013 somewhere in
Sweden. This work has also started. The Scientific Report contains seven chapters of which the
species chapter is certainly relevant to the Flora
Group.
The Swedish Environmental Protection Agency
recently provided funds for a co-lead author to
ABA. I am happy to tell you that Anders Dahlberg
from the Swedish Species Information Centre has
accepted the co-lead on fungi. You will meet him
tomorrow. In the scheme of the project, there will
be lead authors and as well as contributing authors. The chapters of ABA are: species accounts,
terrestrial ecosystems, aquatic (freshwater) ecosystems, marine ecosystems, ecosystem services,
genetic diversity and gaps and recommendations.
I assume that some of you might be involved in
this. CAFF welcomes support from the CFG in
the implementation of CBMP and its continued
work on ABA.
Thank you for the opportunity to speak to you! I
am looking forward to new CFG progress in the
near future.

Circumboreal
Vegetation Mapping
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Criteria for Delimitation and Subdivision of the Boreal Zone in Different
Regions of Eurasia and North America
Teuvo Ahti
Botanical Garden and Museum
Finnish Museum of Natural History
P.O. Box 7, FI-00014 Helsinki University, Finland
Email:  <ahti@mappi.helsinki.fi>

Extended Abstract
The following ideas were gradually developed during my field trips to various parts of the boreal zone and its
adjacent regions, although I have primarily worked on lichens and other cryptogams in recent decades. I have
especially travelled in northern Europe and Canada (mainly Newfoundland, Nova Scotia, Ontario, Alberta,
British Columbia, the Yukon, and NW Territories), but also in Alaska, Sakha Republic, Hokkaido, and  Mongolia. Most of the ideas have actually been published by me or by my collaborators (Ahti 1980, Ahti, HämetAhti & Jalas 1968, Hämet-Ahti 1981, Hämet-Ahti, Ahti & Koponen 1974, Tuhkanen 1984), but they may need
some re-emphasis and revisions from the point of view of recent observations and vegetation mapping.

Delimitation of the boreal zone
Northern limit: determined by the Circumpolar
Arctic Vegetation Map (CAVM Team 2003). It means
that the arctic/boreal transitional areas (forest-tundra
or hemiarctic) are to be included in the boreal zone.
Many coastal hemiarctic areas are treeless. However,
even if the southern tip of Greenland (with birch
woodlands) was included in the CAVM, I propose
that it should be included in the boreal zone in the
new map.
Southern limit: a major question is whether the ecotone subzone against the temperate zone is included
or not. I recommend the inclusion, whatever the
subzone is called. The terms used include: hemiboreal, subboreal, boreomeridional, podtaiga, Acadian
forest, and Canadian aspen parklands. Perhaps some
Siberian forest steppes should be included. Uniform
bioclimatic criteria are important in the delimitation,
since distribution of single trees, like conifers or the
Quercus species are meaningful criteria only in some
areas.
Coastal areas: the Atlantic coast of Eurasia has nonconiferous, Betula-dominated woodlands in Iceland,
Norway, and Russia, which should be included;
boreal trees are not necessarily conifers. Coastal
heaths and grasslands (largely man-made) are to be
included, although they may be narrow strips on
small-scale maps. Thus, the  Faeroe Is., Shetland Is.,

northern Scotland, SE Newfoundland, the Aleutians,
and Commander Is. can be included. Constant wind
is an essential factor in these areas. However, with
long growing season, there is a visible as presence of
numerous non-arctic bryophytes and lichens. Coniferous krummholz is characteristic on coastal Labrador, Newfoundland, Quebec and Nova Scotia. Alder
scrubs are characteristic on the Pacific coasts at the
so-called maritime timberline, and to some extent
also occur in Newfoundland. In the Pacific Asia
beside boreal heatlands, Betula ermanii-dominated
woodlands and krummholz of Pinus pumila are present in some areas even at sea-level.

Delimitation in mountainous areas in the
south
There are extensive areas in Asia and North America
where the planar boreal zone extends gradually to
high plateaus southwards. In the CAVM such boreal
extensions appear to have been simply delimited
artificially somehow, normally according to the
expected planar zonation. In the same way the boreal
zone extensions, e.g. to southern British Columbia
or Mongolia must apparently be delimited in the
same way, unless we want to encircle all the oroboreal outliers further south, down to Spain, Caucasus,
Yunnan, California or the Appachians, for instance.
One major idea to realize here is that the Canadian
custom to exclude the Boreal zone from the Cordilleran or Pacific forests due to change in dominant
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tree species is not acceptable in a transcontinental
bioclimatic zonation. In the first place it is an historical floristic line where Picea glauca-P. mariana-Abies
balsamea-Pinus banksiana forests are replaced by P.
engelmannii-Abies lasiocarpa-Pinus contorta-Picea
sitchensis forests. A more difficult problem comes in
southern B.C.: the adjacent temperate forests are also
coniferous, largely consisting of the same trees species as the boreal-oroboreal forests. Then the bioclimatic criteria with the help of non-tree vegetation are
essential. Much of this problem could be avoided by
artificially cutting off the largely mountainous areas
of southern British Columbia and Alberta from the
map. But the Queen Charlotte Islands, for instance,
with its extensive Chamaecyparis nootkatensis forests
should be included in my opinion.

Subzones of the boreal zone
There are many attempts to divide the boreal zone
into subzones. With the inclusion of the hemiarctic
and hemiboreal subzones, I recommend the use of
five subzones in accordance with the Geobotanical
Map of the Soviet Union (Lavrenko & Soczava 1956,
Hämet-Ahti 1981, Tuhkanen 1984). However, the
subzones recognized in Russia and those recognized
in the recent Canadian ecogeographic zonations
deviate in some respects. For instance, the northern
taiga of the Russian botanists is a broader concept
than the northern boreal zone of the Norwegian,
Swedish and Finnish systems. Therefore, it may be

advisable to use terms like the subzone A, B, C, etc.
like in the CAVM.

Sectorial divisions of the boreal
Although some sectorial bioclimatic divisions have
been presented for the whole boreal zone (Tuhkanen
1984: fig. 18), I would not suggest the designation of
any counterpart sectors of oceanicy or continentality
for our map. Edaphic conditions, floristic provinces
and physiognomic conditions, such as dominant tree
species, or dominant community types (e.g. peatlands in some areas), might give a more concrete
picture in this scale due to our incomplete knowledge
at present.

Taxonomic and nomenclatural problems in
dominant tree species and other plants
As usual, the different taxonomic traditions in North
America, Russia and Europe will cause problems. The
common problems include taxon groups like Picea
abies/obovata, Picea glauca/engelmannii, Picea jezoenis/ajanensis, Larix sibirica/gmelinii/cajanderi etc.,
Betula pubescens/czerepanovii etc. There are also wide
introgression areas between taxa, especially within
Picea and Larix. They make the characterization of
the cover types complicated.
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Bioclimatic Framework for the Circumboreal Vegetation Mapping
(CBVM) Project
Daniel Sánchez-Mata1and Salvador Rivas-Martínez
Department of Plant Biology II
Complutense University, 28040 Madrid, Spain
Corresponding author: <dsmata@farm.ucm.es>
Phytosociological Research Center
J.M. Usandizaga, 46.
28409 Collado Villalba (Madrid), Spain
The Helsinki workshop devoted to the CBVM project, held on 3-6 November (2008) concluded with further
resolutions regarding the organization and program of the complete project. According to this schedule, the
different teams and leaders for all the topics inluded in the project’s objectives must be established in the
Uppsala workshop (31 March-3 April, 2009).
One of these teams will be covering the bioclimatic
framework involving all the environmental features
affecting vegetation and its distribution in the ‘Arctoboreal’ territory as considered in the Helsinki meeting. We are heading the team in charge of the bioclimatical definition and delimitation of the ‘boreal’
bioclimate, including its boundaries and peculiarities.

5. To obtain a circumboreal vegetation map with a
comprehensive legend that places agreed vegetation units (high phytosociological units of potential vegetation) at the highest level of the legend
hierarchy, as opposed to other ‘subjective’ considerations by different authors (zones, subzones,
ecological regions and subregions, forest regions,
ecotones, etc.).

There will be particular emphasis on the following
goals:

6. The CBVM project would be particularly useful if
it could be accurately joined to the CAVM using
an agreed legend and scale.

1. The need to form an international team of experts
on bioclimate and vegetation relationships.
2. To reach a broad consensus on scale, map projection, base imagery, integrated  mapping methodology, ecological terminology, final legend and
boundaries of the planned map.
3. Successful use of the internationally-recognized
phytosociological plant-community nomenclature
system (Braun-Blanquet vegetation school) following the current ‘International Code of Phytosociological Nomenclature’ (Weber & al., 2000), as
the preferred basis for cataloging plant communities throughout the territories covered by the map.
4. To obtain synthesized maps at different scales:
continental and circumpolar scales.

There are several excellent recent publications and
contributions proposed by different authors and participants to be considered for the project.
We attach to this extended abstract some of our
more recent bioclimatic computerized maps covering
the North American continent in four preliminary
prints: bioclimates (Fig. 1), thermotypes (Fig. 2),
ombrotypes (Fig. 3) and continentality (Fig. 4) of full
North America are mapped following our bioclimatical proposals including all the bioclimatical indexes
(Rivas-Martínez, Sánchez-Mata & Costa 1999; http://
www.globalbioclimatics.org.).
The most notable recent publications include the
following contributions, which are of particular relevance to the CBVM project:
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Figure 1. Bioclimate map of North America.

Figure 1. Bioclimate map of North America.
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Figure 2. Thermotype map of North America.
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Figure 3. Ombrotype map of North America.

18

19

Principles of Vegetation Classification for the CBVM
Udo Bohn
Schleifenweg 10
53639 Königswinter, Germany

Extended Abstract
Introduction to the principles of vegetation classification used for the first draft of a legend of the Eurasian
natural boreal (forest) vegetation units.
1)  First of all, Nikolai Ermakov and I decided to apply the theoretical concept of the European Vegetation Map to the whole Eurasian boreal zone as far
as possible as it has proved to be an effective system.
Its principles of classification are generally understandable and applicable. This system uses a combination of physiognomic, structural, vegetationtypological, climatic, site-related and geographical
features to create various hierarchic levels.
1a)  Content of the Circumboreal Vegetation Map
should be units of the current potential natural vegetation (PNV). The purpose of mapping the PNV is
to show the spatial distribution and differentiation
of natural vegetation types, and to demonstrate the
current natural site potentials based on vegetation
types. The map can be used as a reference system
for Nature Conservation, Environmental Evaluation
or Landscape Planning.
2)  The highest level of classification is represented
by climatically or edaphically based zonal and
azonal vegetation formations (see Table 1 showing
the main formations occurring in the boreal zone of
Europe).
List of main formations occurring in the boreal zone
of Europe: Classification according to physiognomy
and environmental conditions
Zonal and extra zonal vegetation (depending primarily on macro climate)
Figure 4. Continentality map of North America.  

A - Polar deserts and subnival-nival vegetation of
       high mountains
B - Arctic tundras and alpine vegetation
C - Subarctic, boreal and nemoral-montane open
      woodlands as well as subalpine and oro-Mediter  
      ranean vegetation

D - Mesophytic and hygromesophytic coniferous
and mixed broad-leaved       coniferous forests
E  - Atlantic dwarf shrub heaths
Azonal vegetation (depending on soil and hydrological conditions)
P - Coastal vegetation and inland halophytic
      vegetation
S -  Mires
T - Swamp and fen forests
U - Vegetation of flood-plains, estuaries and
        fresh-water polders and othermoist or wet
        sites

        

3)  For the first step, all relevant formations of the
European vegetation map had to be adapted to the
boreal zone regarding their vegetational content and
distribution.
For using on the CBVM we partly have subdivided
and renamed the European formations:
Thus, formation A was divided into two formations:
Arctic Polar Deserts and Subnival-nival Vegetation
of High Mountains. (Moving from the second to the
first level of the hierarchic system)
Formation B was separated into Arctic Tundras and
Alpine Vegetation. Then Alpine and Subnival Vegetation of High Mountains were put together into
one formation ( new C).
Formation C was separated into Subalpine (new D)
and Subarctic Vegetation (new E).
Formation D was reduced regarding its content
and renamed to Boreal and Oro-boreal Coniferous
Forests.
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The other formations kept their names.
Table 2 (legend of Nikolai) shows the new classification into formations for the draft legend of the
CBVM.

Zonal and Extra-Zonal Vegetation
A  - Arctic polar deserts (High Arctic tundras)
B  - Arctic  tundras
C  -Alpine and subnival vegetation within the
       boreal zone
D - Subalpine prostrate tree, shrub and tall-forb
       vegetation, including subalpine open wood
       lands within the boreal zone
E - Subarctic open woodlands, including subarctic       
       shrub and dwarf-shrub vegetation
F -  Boreal and oro-boreal coniferous (and mixed
       small-leaved-coniferous) forests
G - Forest steppes within the boreal zone
H - Steppes within the boreal zone
I  -  Oceanic dwarf shrub heaths

Azonal Vegetation within the Boreal Zone
K - Costal vegetation
L -  Mires
M -Swamp and fen forests
N - Flood-plain vegetation
We have integrated the Arctic formations to the
legend as these are regionally spreading to the boreal
zone, and as the final circumpolar vegetation map
should also include the arctic zone.
As codes for the main formations we also used capital letters in alphabetical order as in the European
vegetation map. These need less space and provide a
better overview of the legend.
4)  The further hierarchical classification of the
main formations down to the mapping units was
elaborated/realized for the Eurasian boreal zone for
3 formations which are dominated by trees: new
formations D, E and F. (Nikolai will report on the
concept, applied methods, results and problems to
be discussed and solved)
Principles of classification of boreal forest units on
different levels below main formations:

4.1)  For the second level of classification, we used
the dominant tree species of the tree layer (formations) demonstrating the important peculiarities
of the forest structure, such as dark forest or light
forest. The spatial sequence of the different forest
types characterized by their tree species goes always
from west to east corresponding to the oceanity and
continentality gradient of the climate and the distribution areas of the main tree species.
4.2)  Further subdivision within an individual forest
type dominated by the same tree species is following the temperature gradient from north to south,
represented by northern, middle and southern
boreal forest types. If there are occurring mountain
ranges within the area of this forest type we have
classified additional mountain forest units.
4.3)  Further subdivision within one subzone of this
forest type into mapping units is depending from
vegetation variation caused by edaphic factors, such
as nutrient supply and soil humidity, or if there exist
specific landscape mosaics/patterns formed by regularly changing site conditions, such as dry and wet
or nutrient-poor and -rich sites. Differentiation into
mapping units can also be caused by distinct phytogeographical variation of the species combination in
the field layer.
5)  Names of vegetation or mapping units at different hierarchic levels should be generally understandable and favour vegetation-typological criteria.
The name of a mapping unit should reflect its physiognomy (e.g. different forest structures, predominance of certain tree species, closed and open tree
layer, scrub, dwarf shrub heath, etc.), the characteristic and dominant plant species of the main
vegetation types and layers, its site conditions and
geographic distribution.
Diagnostic important plant species (floristic criteria) should be listed according to the vegetation
layer in which they are present (in the sequence
from top to bottom) and in the order of their participation (abundance and frequency). For the main
tree species were used English and scientific names,
for all other characteristic species only scientific
names.
The tree species in the English names of mapping
units should be consequently arranged in the order
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of their participation in mixed forests from low (in
the beginning) to high importance (in the end). On
the other hand the Latin names in brackets should
begin with the predominant tree species and end
with the less important as it was done in the European legend.
Within the legend structural, floristic, edaphic, and
climatic differences between individual mapping
units should be clearly visible/ recognizable.
6)  Additional general requirements for the legend
of the CBVM
6.1)  A unified jboreal checklist for homogenious
taxonomy and nomenclature of  vascular plants,
mosses and lichens is needed. At the moment we
used the checklist of the European vegetation map
and the Cherepanov plant species list for the former
USSR territory.
6.2)  We need standardization and definition of
terms used in the legend.
6.3)  For indicating the origins of the mapping units
used in the overall legend of CBVM their original
numbers and sources should be added to the text/
name of the unit.
6.4)  Generalization of mapping units and map
polygons should be postponed to the final stage of
the map and legend.

A list of short explanations to the draft
legend:
1) Principles of classification of the CBVM legend.
Hierarchic structure formed by
- main formations
- subdivision according to dominant (tree) species
- geographical W-E sectors
- N-S subzones and mountain types
- differentiation into mapping units.
2) Characterization of mapping units by
- species combination, assigned to vegetation layers in the order from high to lower levels (e.g. tree,
shrub, field and moss/lichen layers),
- geographical and altitudinal distribution,
- structure of canopy (open/closed),
- site conditions such as soil trophy, humidity/aridity,
soil structure (sand, rock, loam etc.), local climate,
- landscape specific vegetation complexes caused by
regularly changing site conditions.
3) Order of species in the text of units, especially
mapping units: The tree/plant species in the English
names of mapping units should be consequently arranged in the order of their participation in mixed
forests/stands from low (in the beginning) to high
importance/participation (in the end). On the other
hand the Latin/scientific names in brackets should
begin with the predominant tree/plant species and
end with the less important.
4) Most of scientific terms used in the legend are
explained in the glossary of the European vegetation
map (chapter 5.4 of the explanatory text).
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Draft of Legend for Eurasian Boreal Vegetation as a Part of the Overall
Legend of CBVM Higher Units of Classification and Units of Forest Vegetation, Subarctic Open Woodlands, and Partly of Subalpine Vegetation

shrubs and herbs (Cladina spp., Cladonia spp., Empetrum hermaphroditum, Gymnocarpium dryopteris),
with Calluna vulgaris, Cornus suecica on sandy soils
of the Kola Peninsula (C1)
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Novosibirsk, 630090 Russia
Tel: +7 383 3301986
Email: <brunnera@mail.ru>

E.1.2.  Northeast European open birch woodlands
(Betula pubescens subsp. czerepanovii) with Picea obovata, Pinus sylvestris, Sorbus aucuparia subsp. glabrata, with lichens, dwarf shrubs and herbs (Cladina
spp., Cornus suecica, Vaccinium myrtillus, Empetrum
hermaphroditum, Carex globularis) with Calluna
vulgaris on the Kola Peninsula (C2)

Udo Bohn
Schleifenweg 10
53639 Königswinter
Germany

ZONAL AND EXTRAZONAL
VEGETATION
A. Arctic polar deserts (High Arctic tundras)
B. Arctic  tundras
C. Alpine and subnival vegetation within the
boreal zone
D. Subalpine prostrate tree (krummholz), shrub
and tall-forb vegetation, including subalpine
open woodlands within the boreal zone
E. Subarctic open woodlands, including
subarctic shrub and dwarfshrub vegetation
F. Boreal coniferous forests, partly mixed with
birch trees
G. Oceanic dwarf shrub heaths, grasslands and
tall-forb communities
H. Broad-leafed forests within the boreal zone
I. Forest steppes and steppes within the boreal
zone
J.

AZONAL VEGETATION WITHIN
BOREAL ZONE
K
L
M
N

Coastal vegetation
Mires
Swamp and fen forests
Floodplain vegetation

D
Subalpine prostrate tree (krummholz), shrub
and tall-forb vegetation, including subalpine open
woodlands within the boreal zone

D.1.1. Northeast Asian  subalpine open larch woodlands (Larix cajanderi) with Betula exilis, with dwarf
shrubs and lichens (Vaccinium uliginosum, Empetrum nigrum, Aulacomnium turgidum, Cetraria
cucullata, C. laevigata, Nephroma arctica, Cladina
arbuscula, C. stellaris)
D.1.2. Northeast Asian subalpine open larch woodlands (Larix cajanderi, L. gmelinii) with Betula divaricata, Pinus pumila, with dwarf shrubs and lichens
(Ledum palustre, Vaccinium vitis-idaea, V. uliginosum, Cladina stellaris, C. amaurocrea, C. rangiferina,
Cetraria laevigata), alternating with subalpine Pinus
pumila and Betula divaricata shrub communities and
high mountain tundras
D.1.3. East Asian subalpine dwarf pine (Pinus
pumila) communities with Betula divaricata, Rhododendron aureum, with dwarf shrubs (Vaccinium
uliginosum, Cassiope ericoides, Ledum decumbens)
and lichens (Cladina rangiverina, C. stellaris, C.
arbuscula, Cetraria cucullata, C. laevigata, Nephroma
arctica)   
E
Subarctic open woodlands, including subarctic shrub and dwarf shrub vegetation
E.1. Northeast European open coniferous-birch
woodlands (Betula pubescens s. l., Picea obovata,
Pinus sylvestris)
E.1.1.  Northeast European open birch woodlands
(Betula pubescens subsp. czerepanovii), partly with
Picea obovata, Pinus sylvestris, with lichens, dwarf

E.1.3.  Northeast European open birch woodlands
(Betula pubescens subsp. czerepanovii) with Picea obovata, with mosses, dwarf shrubs and lichens (Pleurozium schreberi, Hylocomium splendens, Dicranum
majus, Vaccinium myrtillus, Empetrum hermaphroditum, Cladina stellaris, C. arbuscula) (C3)
E.1.4.  Northeast European open spruce woodlands
(Picea obovata) with Betula pubescens subsp. czerepanovii, with mosses and dwarf shrubs (Pleurozium schreberi, Hylocomium splendens, Aulacomnium
turgidum, Vaccinium myrtillus, V. vitis-idaea), partly
with lichens (C4)
E.1.5.  Northeast European hygrophilous open
spruce woodlands (Picea obovata) with Betula pubescens subsp. czerepanovii, with mosses, dwarf shrubs
and sedges (Sphagnum girgensohnii, Polytrichum
commune, Ledum palustre, Carex globularis), partly
alternating with palsa mires (C5)
E.2.  Ural mountain types
E.2.1. - Ural mountain open spruce (Picea obovata) and birch woodlands (Betula pubescens subsp.
czerepanovii) with Larix sibirica, Abies sibirica, with
mosses, lichens and dwarf shrubs, partly alternating
with tall-forb communities or with mountain tundras (C6)
E.3. West Siberian open coniferous woodlands
(Picea obovata, Larix sibirica), subarctic shrub and
dwarf shrub vegetation
E.3.1. West Siberian open larch-spruce woodlands
(Picea obovata, Larix sibirica) with dwarf shrubs,
lichens and mosses (Ledum decumbens, Vaccinium
uliginosum, V. myrtillus, Empetrum nigrum, Cladina
arbuscula, C. rangiferina, C. stellaris, Cetraria nivalis,

Aulacomnium turgidum, Pleurozium schreberi) alternating with Betula nana and Salix lanata tundras.
E.3.2. West Siberian open larch-spruce woodlands
(Picea obovata, Larix sibirica), partly with Betula
pubescens s.l., with dwarf shrubs, lichens and mosses
(Ledum decumbens, Vaccinium vitis-idaea, V. uliginosum, Cladina arbuscula, C. rangiferina, Aulacomnium
turgidum, A. palustre, Sphagnum acutifolium) alternating with appa mires.
E.3.3. West Siberian subarctic shrub tundras (Betula
nana, Salix lanata, S. pulchra, Duschekia fruticosa)
with dwarf shrubs, lichens and mosses (Vaccinium
vitis-idaea, Empetrum nigrum, Ledum decumbens,
Cladina rangiferina, C. arbuscula, C. stellaris, Cetraria cucullata, Hylocomium splendens var. alaskanum,
Aulacomnium turgidum, Polytrichum alpestre, Dicranum elongatum).
E.3.4. West Siberian subarctic shrub tundras (Betula
nana, Salix pulchra, Duschekia fruticosa), alternating
with appa mires and open larch-spruce woodlands
E.4. East Siberian open coniferous woodlands
(Larix cajanderi) and subarctic shrub and dwarf
shrub vegetation
E.4.1. East Siberian open larch woodlands (Larix
cajanderi, L.gmelinii) with dwarf shrubs, lichens and
mosses (Vaccinium minus, Ledum decumbens, Vaccinium microphyllum, Cetraria cucullata, Aulacomnium turgidum), alternating with subarctic tundras
(Betula exilis) and mires.
E.4.2. East Siberian open hygrophilous larch woodlands (Larix cajanderi) with cotton-grasses and
mosses (Eriophorum vaginatum, E. polystachyon,
Aulacomnium turgidum, Sphagnum ssp.), alternating
with subarctic cotton-grass tundras and appa mires.
E.4.3. East Siberian open larch woodlands (Larix
cajanderi) with dwarf shrubs and mosses (Vaccinium
minus, Arctostaphylos alpinus, Ledum decumbens,
Aulacomnium turgidum, A. palustre), alternating
with shrub tundras (Betula exilis) and mires.
E.4.4. East Asian subarctic shrub tundras (Betula
exilis), alternating with mires.
F.
Boreal coniferous  forests, partly mixed with
birch trees

24
F.1.
Boreal spruce forests (Picea abies, P. obovata,
P. jezoensis, P. glehnii, P. mariana, P. glauca, P. rubens)
F.1.1. European spruce forests (Picea abies, P. obovata, Picea abies x Picea obovata), partly with Pinus
sylvestris, locally with birch (Betula pubescens s.l., B.
pendula), alder (Alnus incana) or mixed forests
F.1.1.1. Northern boreal types
F.1.1.1.1. North European open moss-rich spruce forests (Picea abies, in the east Picea abies x P. obovata,
P. obovata) with Pinus sylvestris, Betula pubescens, B.
pubescens subsp. czerepanovii, alternating with open
pine and spruce forests on peaty soils and with aapa
mires
F.1.1.1.2. Northeast European open spruce forests
(Picea abies x Picea obovata, P. obovata) with Pinus sylvestris, Betula pubescens, B. pubescens subsp.
czerepanovii, with dwarf shrubs, mosses and lichens
(Vaccinium myrtillus, Empetrum hermaphroditum,
Hylocomium splendens, Dicranum fuscescens, Polytrichum commune, Sphagnum girgensohnii, Cladina
spp.)
F.1.1.1.3. Northeast European open hygrophilous
birch-spruce forests (Picea obovata, Betula pubescens
subsp. czerepanovii) with dwarf shrubs, sedges and
mosses (Ledum palustre, Carex globularis, Polytrichum commune, Sphagnum spp.)
F.1.1.2. Middle boreal types
F.1.1.2.1. North European moss-rich spruce forests
(Picea abies, in the east P. abies x P. obovata, P. obovata) with dwarf shrubs and herbs (Vaccinium myrtillus, V. vitis-idaea, Trientalis europaea, Hylocomium
splendens, Pleurozium shreberi, Dicranum spp.)
F.1.1.2.2. Northeast European hygrophilous spruce
forests (Picea obovata, Picea abies x P. obovata) with
dwarf shrubs, sedges and mosses (Vaccinium uliginosum, Carex globularis, Equisetum sylvaticum, Sphagnum girgensohnii, Polytrichum commune)
F.1.1.2.3. Northeast European spruce forests (Picea
abies, P. abies x P. obovata, P.obavata) with dwarf
shrubs, herbs and mosses, alternating with spruce
and pine forests on peat soils and with mires

F.1.1.3. Southern boreal types
F.1.1.3.1. Fennoscandian moss-rich spruce forests
(Picea abies) with dwarf shrubs and herbaceous
plants (Vaccinium myrtillus, Calamagrostis arundinacea, Luzula pilosa, Maianthemum bifolium, Trientalis
europaea, Hylocomium splendens, Pleurozium schreberi), partly with Anemone nemorosa, Ribes alpinum,
locally alternating with pine and spruce mires (D7)
F.1.1.3.2. Scandinavian-east European spruce forests (Picea abies, in the east Picea abies x P. obovata),
partly with Tilia cordata and Corylus avellana, with
herbs, dwarf shrubs and mosses (Oxalis acetosela,
Melica nutans, Vaccinium myrtillus, Rhytidiadelphus
triquetrus, locally Anemone nemorosa, Hepatica nobilis) (D8)
F.1.2. East Asian mountain spruce forests (Picea
jezoensis).
F.1.2.1. Northeast Asian (Kamchatka) mountain
spruce forests (Picea jezoensis), partly with Betula
ermanii, Larix gmelinii, with dwarf shrubs, herbs and
mosses (Cornus suecica, Linnaea borealis, Oxalis acetosella, Dryopteris expansa, Hylocomium splendens,
Ptilium crista-castrensis)
F.1.2.2. Sakhalinian-South Okhotian mountain
spruce forests (Picea jezoensis) with dwarf shrubs
and mosses (Vaccinium vitis-idaea, Cornus canadensis, Calamagrostis purpurea, Hylocomium splendens,
Hylocomium splendens, Rhytidiadelphus triquetrus)
F.2.
Boreal mixed coniferous forests (Abies-PinusPicea; Pinus-Larix-Picea)
F.2.1. West pre-Urals-West-Middle-Siberian mixed
coniferous forests (Picea obovata, Pinus sibirica, Abies
sibirica), partly with Betula pubescens, B. pendula,
Pinus sylvestris and Larix sibirica
F.2.1.1. Northern boreal types
F.2.1.1.1. Pre-Urals open hygrophilous pine-spruce
forests (Picea obovata, Pinus sibirica) with dwarf
shrubs and mosses (Cornus suecica, Chamaedaphne
calyculata, Rubus arcticus, Polytrichum commune,
Sphagnum spp.)
F.2.1.1.2. West Siberian open mixed larch-birch-pinespruce forests (Picea obovata,
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Pinus sylvestris, Larix sibirica, Betula pendula ) with
dwarf shrubs, mosses and lichens (Vaccinium myrtillus, Ledum palustre, Vaccinium uliginosum, Linnaea
borealis, Pleurozium shreberi, Cladina stellaris), alternating with appa mires
F.2.1.1.3. West Siberian open mixed pine-larchspruce forests (Picea obovata, Pinus sibirica, Larix
sibirica) with Betula pendula, with dwarf shrubs,
lichens and mosses (Empetrum nigrum, Ledum palustre, Vaccinium uliginosum, Hylocomium splendens,
Cladina rangiferina)
F.2.1.2. Middle boreal types
F.2.1.2.1. Pre-Urals fir-spruce forests (Picea obovata,
Abies sibirica) with mosses, dwarf shrubs and ferns
(Gymnocarpium dryopteris, Dryopteris dilatata)
(D10)
F.2.1.2.2. Pre-Urals hygrophilous pine-spruce forests
(Picea obovata, Pinus sibirica) with Abies sibirica,
with dwarf shrubs, herbs and peat mosses (Chamaedaphne calyculata, Calamagrostis langsdorffii, Filipendula ulmaria, Sphagnum warnstorfii) (D11)
F.2.1.2.3. West Siberian pine-spruce forests (Picea
obovata, Pinus sibirica) with Larix sibirica, partly
with Pinus sylvestris, with dwarf shrubs and mosses
(Vaccinium myrtillus, Pleurozium schreberi)
F.2.1.2.4. West Siberian spruce-pine forests (Picea
obovata, Pinus sibirica) with Abies sibirica, Betula
pendula, partly with Populus tremula, with dwarf
shrubs and mosses (Vaccinium myrtillus, Maianthemum bifolium, Pleurozium schreberi)
F.2.1.2.5. West Siberian hygrophilous spruce-pine
forests (Picea obovata, Pinus sibirica) with Pinus
sylvestris, Betula pendula, with dwarf shrubs and
mosses (Ledum palustre, Polytrichum commune,
Sphagnum magellanicum)
F.2.1.2.6. Middle Siberian spruce-pine-fir forests (Picea obovata, Pinus sibirica, Abies sibirica) with Larix
sibirica, with dwarf shrubs, tall-forbs and mosses
(Vaccinium myrtillus, Geranium albiflorum, Lycopodium annotinum, Pleurozium schreberi, Hylocomium
splendens)
F.2.1.3. Southern boreal types
F.2.1.3.1. West pre-Urals fir-spruce forests (Picea

obovata, Abies sibirica), partly with Tilia cordata,
with dwarf shrubs, herbs and ferns (Linnaea borealis,
Lathyrus vernus, Actaea spicata, Asarum europaeum,
Dryopteris dilatata, Gymnocarpium dryopteris) (D12)
F.2.1.3.2. East pre-Urals mixed fir-spruce-birch forests (Picea obovata, Abies sibirica, Betula pendula),
partly with Tilia cordata, Populus tremula, with herbs
and mosses (Aegopodium podagraria, Pulmonaria
mollis, Oxalis acetosella, Ptilium crista-castrensis,
Hylocomium splendens)
F.2.1.3.3. West Siberian mixed pine-spruce-fir-birch
forests (Pinus sibirica, Picea obovata, Abies sibirica,
Betula pendula) with herbs, tall-forbs, dwarf shrubs
and sparse moss layer (Carex macroura, Lathyrus
vernus, Aconitum septentrionale, Vaccinium myrtillus,
Pleurozium schreberi, Hylocomium splendens)
F.2.1.3.4. Middle Siberian mixed pine-spruce-fir forests (Pinus sibirica, Picea obovata, Abies sibirica) with
dwarf shrubs, tall-forbs, herbs and mosses (Vaccinium myrtillus, Aconitum septentrionale, Mitella nuda,
Pyrola incarnata, Hylocomium splendens, Ptilium
crista-castrensis)
F.2.1.3.5. Middle Siberian mixed pine-spruce-firlarch forests (Pinus sibirica, Abies sibirica, Picea obovata, Larix sibirica) with Pinus sylvestris, with dwarf
shrubs, herbs and mosses (Vaccinium vitis-idaea,
Ledum palustre, Vaccinium myrtillus, Pleurozium
schreberi, Polytrichum commune)
F.2.2. Urals mountain mixed coniferous forests
(Abies sibirica, Pinus sibirica, Picea obovata)
F.2.2.1. North Urals pine-spruce forests (Picea obovata, Pinus sibirica) with Larix sibirica, with mosses, lichens, dwarf shrubs and herbs (Arctostaphylos alpina,
Festuca airoides, Pachypleurum alpinum) (D13)
F.2.2.2. Middle Urals spruce-fir forests (Abies sibirica,
Picea obovata) with Pinus sibirica, with dwarf shrubs,
herbs and tall-forbs (Aconitum septentrionale, Cacalia hastata, Crepis sibirica) (D14)
F.2.3. South Siberian mountain mixed coniferous
forests (Abies sibirica, Pinus sibirica), partly with
Picea obovata, Larix sibirica, Betula pendula and
Populus tremula
F.2.3.1. Altai-Sayanian mountain pine-fir forests
(Abies sibirica, Pinus sibirica) with Betula pendula,
with tall-forbs, ferns, herbs and mosses (Aconitum
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septentrionale, Dryopteris expansa, Diplazium sibiricum, Oxalis acetosella, Lycopodium annotinum,
Hylocomium splendens, Rhytidiadelphus triquetrus)
F.2.3.2. Altai-Sayanian mountain pine-fir forests
(Abies sibirica, Pinus sibirica) with dwarf shrubs,
herbs and mosses (Vaccinium myrtillus, Carex iljinii,
Bergenia crassifolia, Hylocomium splendens), partly
with subalpine shrubs (Betula rotundifolia, Rhododendron aureum)
F.2.3.3. Altai-Sayanian mountain mixed pine-firspruce-larch forests (Pinus sibirica, Abies sibirica,
Picea obovata, Larix sibirica) with Betula pendula,
with dwarf shrubs, herbs and mosses (Vaccinium
vitis-idaea, Carex macroura, Gymnocarpium dryopteris, Oxalis acetosella, Hylocomium splendens)
F.2.3.4. Altai-Sayanian mountain 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.
F.2.3.5. Altai-Sayanian oro-hemiboreal mixed birchaspen-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)
F.2.3.6. East Baikal mountain spruce-pine-fir forests
(Picea obovata, Pinus sibirica, Abies sibirica) with
Betula platyphylla, with dwarf shrubs, tall-forbs and
mosses (Vaccinium myrtillus, Aconitum rubicundum,
Maianthemum bifolium, Hylocomium splendens)
F.2.3.7. Southeast Siberian (Baikal-Khentei) mountain pine-spruce forests (Pinus sibirica, Picea obovata) with Larix sibirica, with dwarf shrubs and mosses
(Vaccinium vitis-idaea, V. murtillus, Hylocomium
splendens, Ptilium crista-castrensis)

sum, Hylocomium splendens, Pleurozium schreberi)
F.3.
ana)

Boreal pine forests (Pinus sylvestris, P. banksi-

F.3.1. European boreal pine forests (Pinus sylvestris), partly with Betula pubescens s. l., Picea obovata,
P. abies
F.3.1.1. Northern boreal types
F.3.1.1.1. North European open pine forests (Pinus
sylvestris) with Betula nana, with lichens, mosses and
dwarf shrubs (Cladina spp., Polytrichum juniperinum,
Pleurozium shreberi, Empetrum hermaphroditum,
partly with Ledum palustre) (D42)
F.3.1.1.2. Northeast European open hygrophilous
pine forests (Pinus sylvestris) with peat mosses and
dwarf shrubs, with Chamaedaphne calyculata, Eriophorum vaginatum (D43)
F.3.1.1.3. Northeast European open lichen-rich pine
forests (Pinus sylvestris) on dry sites, alternating with
open pine and spruce forests (Pinus sylvestris, Picea
obovata) on peaty soils with Betula pubescens s. l. and
with mires (D44)
F.3.1.2. Middle and southern boreal types
F.3.1.2.1. North European pine forests (Pinus sylvestris), partly with Picea obovata, with dwarf shrubs
(Vaccinium vitis-idaea, Arctostaphylos uva-ursi),
lichens and mosses (D45)
F.3.1.2.2. South Scandinavian dwarf shrub-rich
forests (Pinus sylvestris), partly with Picea abies, with
lichens, mosses and herbs (Cladonia rangiferina,
Cladina spp., Pleurozium schreberi, Melampyrum
pratense, Vaccinium vitis-idaea), partly alternating
with pine and spruce mires (D46)

F.2.4. East Asian mountain mixed coniferous forests (Picea jezoensis, Abies nephrolepis)

F.3.1.2.3. North and East European hygrophilous
pine forests (Pinus sylvestris) with Betula pubescens,
with dwarf shrubs (Vaccinium myrtillus, V. uliginosum, Ledum palustre), Equisetum sylvaticum and peat
mosses (Sphagnum angustifolium, S. russowii) (D47)

F.2.4.1. East Asian mountain fir-spruce forests (Picea
jezoensis, Abies nephrolepis) with Betula ermanii, Acer
ukurunduense, Weigela middendorffiana, with dwarf
shrubs, herbs and mosses (Cornus canadensis, Maianthemum bifolium, M. dilatatum, Aconitum umbro-

F.3.1.2.4. North and East European pine forests
(Pinus sylvestris) with Picea abies, P. obovata, dwarf
shrubs, mosses and lichens, alternating with pine
forests on peaty soils with Betula pubescens and with
mires (D48)
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F.3.1.2.5. East European psammophytic pine forests
(Pinus sylvestris) with dwarf shrubs, herbs, grasses
(Vaccinium vitis-idaea, Rubus saxatilis, Calamagrostis
epigejos, Dianthus arenarius, Pulsatilla patens, Festuca ovina, Koeleria glauca, Thymus serpyllum), lichens
and mosses (D49)
F.3.2. European mountain pine forests
F.3.2.1. Scottish dwarf shrub-rich pine forests (Pinus
sylvestris), partly alternating with birch forests (Betula pendula, B. pubescens), with Vaccinium vitis-idaea,
Goodyera repens, Linnaea borealis (D50)
F.3.2.2. Middle and south Urals herb-rich pine forests
(Pinus sylvestris) with Larix sibirica, with Calamagrostis arundinacea, Geranium sylvaticum (D51)
F.3.3. West Siberian pine forests (Pinus sylvestris),
partly with Betula pendula, B. pubescens, Picea obovata, Pinus sibirica, Larix sibirica.
F.3.3.1. Northern boreal types
F.3.3.1.1. West Siberian open pine and larch-pine
forests (Pinus sylvestris, Larix sibirica) with dwarf
shrubs and lichens (Vaccinium vitis-idaea, Chimaphilla umbellata, Ledum palustre, Cladina stellaris,
C. rangiferina)
F.3.3.1.2. West Siberian open larch-pine forests (Pinus sylvestris, Larix sibirica) with Betula nana, with
dwarf shrubs and lichens (Vaccinium vitis-idaea, Arctostaphylos uva-ursi, Carex globularis, Cladina stellaris, Pleurozium schreberi), in complex with mires
F.3.3.1.3. West Siberian hygrophilous pine forests
(Pinus sylvestris) with Pinus sibirica, Larix sibirica,
with dwarf shrubs and peat mosses (Ledum palustre,
Sphagnum acutifolium, S. fuscum), in complex with
mires
F.3.3.2. Middle boreal types
F.3.3.2.1. West Siberian oligotrophic pine forests
(Pinus sylvestris) with dwarf shrubs and lichens (Vaccinium vitis-idaea, Antennaria dioica, Ledum palustre, Cladina stellaris, C. rangiferina), in complex with
mires
F.3.3.2.2. West Siberian hygrophilous pine forests (Pinus sylvestris) with Betula pendula, with dwarf shrubs
and peat mosses (Vaccinium uliginosum, Ledum

palustre, Polytrichum commune, Sphagnum fuscum, S.
magellanicum), in complex with mires
F.3.3.3. Southern boreal types
F.3.3.3.1. East Pre-Urals mixed birch-pine mixed
forests (Pinus sylvestris, Betula pendula), partly with
Tilia cordata, Populus tremula, with herbs, dwarf
shrubs and sparse moss layer (Rubus saxatilis, Vaccinium vitis-idaea, Pleurozium schreberi, Ptilium
crista-castrensis)
F.3.3.3.2. West Siberian oligotrophic pine forests
(Pinus sylvestris) with Betula pendula, dwarf shrubs,
herbs and mosses (Vaccinium vitis-idaea, Chimaphila
umbellata, Hieracium umbellatum, Pleurozium schreberi, Dicranum polysetum)
F.3.4. Middle Siberian pine and larch-pine forests
(Pinus sylvestris, Larix sibirica), partly with Pinus
sibirica, Abies sibirica and Betula pendula
F.3.4.1. Middle boreal types
F.3.4.1.1. Middle Siberian psammophytic pine forests
(Pinus sylvestris) with Larix sibirica, L. gmelinii, with
dwarf shrubs, lichens and mosses (Vaccinium vitisidaea, Antennaria dioica, Pulsatilla patens, Pleurozium schreberi, Cladina arbuscula)
F.3.4.1.2. Middle Siberian larch-pine forests (Pinus
sylvestris, Larix gmelinii) with dwarf shrubs, droughttolerant herbs and mosses (Vaccinium vitis-idaea,
Carex pediformis, Lupinaster pentaphyllos, Pleurozium schreberi)
F.3.4.2. Southern boreal types
F.3.4.2.1. West Angara pine forests (Pinus sylvestris)
with Abies sibirica, Picea obovata, Betula pendula,
with dwarf shrubs, herbs and mosses (Vaccinium
vitis-idaea, V. myrtillus, Rubus saxatilis, Maianthemum bifolium, Pleurozium schreberi, Ptilium cristacastrensis)
F.3.4.2.2. East Angara larch-pine forests (Pinus
sylvestris, Larix sibirica) with Picea obovata, Pinus
sibirica, with dwarf shrubs, herbs and mosses (Vaccinium vitis-idaea, Festuca ovina, Vicia venosa, Pyrola
incarnata, Pleurozium schreberi)
F.3.4.2.3. West Angara (subtaiga) pine forests (Pinus
sylvestris) with Betula pendula, with herbs and sparse
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mosses (Carex macroura, Geranium sylvaticum,
Lathyrus vernus, Rhytidiadelphus triquetrus)

F.4.
Boreal larch forests (Larix sibirica, L. gmelinii,
L. cajanderi)

V. vitis-idaea, Aulacomnium turgidum, A. palustre,
Pleurozium schreberi)

F.3.4.2.4. East Angara (subtaiga) larch-pine forests
(Pinus sylvestris, Larix sibirica) with Betula pendula,
with dwarf shrubs, herbs and sparse mosses (Vaccinium vitis-idaea, Rubus saxatilis, Brachypodium
pinnatum, Anemonastrum crinitum,Vicia venosa)

F.4.1. East Siberian larch forests (Larix gmelinii,
Larix cajanderi), partly with Pinus sylvestris, Picea
obovata

F.4.1.2.4. Yakutian larch forests (Larix cajanderi)
with Alnus fruticosa, Betula exilis, with dwarf shrubs
and mosses (Vaccinium uliginosum, Ledum palustre, Aulacomnium turgidum, Tomentypnum nitens,
Sphagnum spp.)

F.3.5. South Siberian mountain pine forests (Pinus
sylvestris), partly with Larix sibirica and Betula pendula.

F.4.1.1.1. Yakutian open larch forests (Larix gmelinii,
L. cajanderi), partly with Picea obovata, with Betula
exilis, dwarf shrubs, mosses and lichens (Vaccinium
uliginosum, Ledum palustre, Aulacomnium turgidum,
Cetraria cucullata, Cladina arbuscula)

F.3.5.1. Altai-Sayanian mountain (subtaiga) pine
forests (Pinus sylvestris) with shrubs (Caragana arborescens, Spiraea chamaedryfolia, Rosa acicularis) and
herbs (Calamagrostis arundinacea, Brachypodium
pinnatum, Carex macroura, Pulmonaria mollis)
F.3.6. East Asian pine forests (Pinus sylvestris),
partly with Larix gmelinii.
F.3.6.1. Middle boreal type
F.3.6.1.1. Yakutian psammophytic pine forests (Pinus sylvestris) with Larix gmelinii, L. cajanderi, with
dwarf shrubs, herbs and lichens (Arctostaphylos
uva-ursi, Saxifraga bronchialis, Scorzonera radiata,
Pleurozium schreberi, Cladina rangiferina, Cetraria
islandica)
F.3.7. East Asian mountain pine forests (Pinus sylvestris), partly with Larix gmelinii
F.3.7.1. South Yakutian mountain pine forests (Pinus
sylvestris) with Larix cajanderi, with Rhododendron
dahuricum, with dwarf shrubs and mosses (Vaccinium vitis-idaea, Ledum palustre, Pleurozium schreberi,
Rhytidium rugosum)
F.3.7.2. Daurian mountain pine forests (Pinus sylvestris) with Rhododendron dauricum, with dwarf
shrubs, drought-tolerant herbs and mosses (Vaccinium vitis-idaea, Pulsatilla patens, Iris uniflora,
Rhytidium rugosum, Pleurozium schreberi)
F.3.7.3. Manchurian mountain (subtaiga) pine forests
(Pinus sylvestris) with shrubs (Lespedeza bicolor, Rosa
dahurica), with dwarf shrubs and herbs (Vaccinium
vitis-idaea, Pyrola incarnata, Carex reventa, Ligularia
fischeri, Aster tataricus)

F.4.1.1. Northern boreal types

F.4.1.1.2. Yakutian open hygrophilous larch forests
(Larix gmelinii, L. cajanderi) with dwarf shrubs and
peat mosses (Vaccinium uliginosum, Chamaedaphne
calyculata, Aulacomnium turgidum, Sphagnum warnstorfii, S. balticum), alternating with subarctic shrub
(Betula exilis) communities and mires
F.4.1.1.3. Yakutian open larch forests (Larix cajanderi), partly with Betula exilis, Pinus pumila, with
dwarf shrubs, mosses and lichens (Vaccinium uliginosum, Ledum palustre, Aulacomnium turgidum, A.
aciminatum, Cetraria cucullata, Cladina arbuscula, C.
rangiferina)
F.4.1.1.4. Yakutian open larch forests (Larix gmelinii,
L. cajanderi) with Betula divaricata, dwarf shrubs
and lichens (Vaccinium vitis-idaea, Vaccinium uliginosum, Empetrum nigrum,Cetraria cucullata, C.
laevigata, Cladina arbuscula, Aulacomnium turgidum)
F.4.1.2. Middle-Boreal types
F.4.1.2.1. Yakutian larch forests (Larix cajanderi) with
Betula platyphylla, with dwarf shrubs, draught-tolerant herbs and sparse mosses (Vaccinium vitis-idaea,
Pyrola incarnata, Lathyrus humilis, Limnas stelleri,
Artemisia tanacetifolia, Pleurozium schreberi)
F.4.1.2.2. Yakutian larch forests (Larix cajanderi),
partly with Picea obovata, with dwarf shrubs and
mosses (Vaccinium vitis-idaea, Hylocomium splendens, Aulacomnium acuminatum, A. turgidum)
F.4.1.2.3. Yakutian larch forests (Larix cajanderi, L.
gmelinii) with Pinus sylvestris, with dwarf shrubs
and mosses (Ledum palustre, Vaccinium uliginosum,

F.4.2. South Siberian mountain larch forests (Larix
sibirica), partly with Pinus sibirica and Picea obovata
F.4.2.1. Altai-Sayanian mountain larch and pinelarch forests (Larix sibirica, Pinus sibirica) with dwarf
shrubs and mosses (Ledum palustre, Vaccinium
uliginosum, Linnaea borealis, Hylocomium splendens,
Sphagnum girgensohnii)

mosses (Vaccinium uliginosum, Ledum decumbens,
Empetrum nigrum, Carex quasivaginata, Arctagrostis latifolia, Aulacomnium turgidum, Cetraria cucullata, C. laevigata)
F.4.3.3. Baikal-Dzhugzhurian mountain larch forests
(Larix gmelinii, Larix cajanderi) with Pinus pumila,
Betula divaricata, Rhododendron aureum, with dwarf
shrubs, mosses and lichens (Vaccinium uliginosum,
Ledum palustre, Pleurozium schreberi, Aulacomnium
turgidum, Cladina rangiferina, C. arbuscula, C. stellaris, Cetraria cucullata)

F.4.3.4. South Yakutian mountain larch forests (Larix
cajanderi) with Picea obovata, Alnus fruticosa, with
dwarf-shrubs, herbs and mosses (Vaccinium vitisidaea, Ledum palustre, Pyrola incarnata, Mitella
nuda, Hylocomium splendens, Aulacomnium turgiF.4.2.2. Altai-Sayanian mountain mixed  pine-spruce- dum, Ptilium crista-castrensis)
larch forests (Larix sibirica, Picea obovata, Pinus
sibirica) with dwarf shrubs, herbs and mosses (VacF.4.3.5. South Yakutian mountain larch forests (Larix
cinium vitis-idaea, Linnaea borealis, Carex macroura, cajanderi) with Pinus sylvestris, partly with Pinus
Poa sibirica, Lupinaster pentaphyllos, Hylocomium
sibirica, with dwarf shrubs, mosses and lichens (Vacsplendens, Rhytidium rugosum), alternating with
cinium vitis-idaea, Ledum palustre, Pleurozium schreherb-rich subtaiga larch forests (Calamagrostis pavlo- beri, Aulacomnium turgidum, A. palustre, Cladina
vii, Carex pediformis, Iris ruthenica, Pleurospermum
arbuscula)
uralense)
F.4.3.7. East Asian mountain open larch forests
F.4.2.3. Altai-Sayanian mountain (subtaiga) birch(Larix gmelinii, L. cajanderi) with Betula exilis, B.
larch forests (Larix sibirica, Betula pendula) with
middendorffii, with dwarf shrubs, herbs, mosses
shrubs (Spiraea chamaedryfolia, S. media), herbs
and lichens (Vaccinium uliginosum, F. vitis-idaea,
(Carex macroura, C. pediformis, Artemisia tanacetifo- Calamagrostis lapponica, Aulacomnium turgidum,
lia, Lathyrus hymilis) and sparse mosses (Pleurozium A. palustre, Ptilidium ciliare, Cladina amaurocrea, C.
schreberi, Rhytidiadelphus triquetrus, Rhytidium
rangiferina, C. stellaris)
rugosum)
F.4.3.8. Daurian mountain larch forests (Larix gmelinii) with dwarf shrubs, herbs and mosses (Ledum
F.4.3. East Asian mountain larch forests (Larix
palustre, Vaccinium uliginosum, Aegopodium alpestre,
gmelinii, L. cajanderi), partly with Pinus sylvestris,
Hylocomium splendens, Aulacomnium turgidum)
Picea obovata
F.4.3.9. Daurian mountain larch forests (Larix gmeliF.4.3.1. Evenkia-West Yakutian mountain open larch nii) with Rhododendron dauricum, dwarf shrubs,
forests (Larix gmelinii, L. cajanderi) with Betula
herbs and mosses (Vaccinium vitis-idaea, Lathyrus
divaricata, with dwarf-shrubs, mosses and lichens
humilis, Lupinaster pentaphyllus, Rhytidium rugosum,
(Vaccinium uliginosum, Ledum palustre, Empetrum
Pleurozium schreberi)
nigrum, Aulacomnium turgidum, Hylocomium
splendens, Cetraria cucullata, Cladina arbuscula, C.
F.4.3.11. East Daurian-Manchurian mountain (substellaris)
taiga) larch forests (Larix gmelinii) with Betula
platyphylla, with dwarf shrubs and herbs (Vaccinium
F.4.3.2. East Asian mountain open larch forests
vitis-idaea, Fragaria orientalis, Iris uniflora, Carex
(Larix cajanderi) with Betula divaricata, Salix krylanceolata)
lovii, Pinus pumila, with dwarf shrubs, herbs and
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F.4.3.12. Okhotian mountain larch forests (Larix
gmelinii), partly with Picea jezoensis, Betula paltyphylla, B. ermanii, with shrubs (Alnus fruticosa,
Spiraea betulifolia, S. salicifolia, Pinus pumila), with
dwarf shrubs, herbs and mosses (Ledum palustre,
Vaccinium vitis-idaea, Hylocomium splendens)
F.4.3.13. Amur-Okhotian mountain larch forests
(Larix gmelinii), partly with Picea jezoensis, Betula
platyphylla, with Spiraea betulifolia, with herbs and
sparse moss layer (Calamagrostis langsdorffii, Saussurea amurensis, Equisetum sylvaticum, Polytrichum
commune)
F.4.3.15. Sakhalinian mountain larch forests (Larix
gmelinii), partly with Picea jezoensis and Abies sachalinensis, with Betula divaricata, Spiraea betulifolia,
dwarf shrubs, herbs and mosses (Vaccinium ovalifolium, V. praestans, Coptis trifolia, Maianthemum
dilatatum, Sphagnum angustifolium)
F.4.3.16. Kamchatka mountain larch forests (Larix
gmelinii), partly with Betula platyphylla, Picea jezoensis, with Juniperus sibirica, Lonicera caerulea,
with dwarf shrubs and herbs (Vaccinium vitis-idaea,
Pyrola incarnata, Clematis ochotensis, Rubus arcticus,
Calamagrostis langsdorffii)
F.5.
Boreal birch, aspen (Betula pendula, B. pubescens, B. platyphylla, B. ermanii, B. papyrifera, Populus tremula) and mixed coniferous-birch forests.
F.5.1. Northwest and north European boreal birch
forests (Betula pubescens s. l.), partly with pine forests
(Pinus sylvestris)
F.5.1.1. Northern and middle boreal types, partly
mountain
F.5.1.1.1.  Icelandic birch forests (Betula pubescens, B.
pubescens subsp. czerepanovii), with herbs and grasses
(Geranium sylvaticum, Rubus saxatilis, Galium
boreale, Equisetum pratense, Deschampsia flexuosa),
locally with dwarf shrubs (Vaccinium uliginosum, V.
myrtillus, Empetrum nigrum, Arctostaphylos uva-ursi), partly hygrophilous types with Angelica sylvestris,
Geum rivale, Filipendula ulmaria (C7)
F.5.1.1.2.  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, Deschampsia flexuosa,
Luzula multiflora) (C8)
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in the northern region alternating with palsa mires
(C10)

F.5.1.1.3.  Northwest Norwegian birch forests (Betula
pubescens, B. pubescens subsp. czerepanovii) in combination with pine forests (Pinus sylvestris), with
Alnus incana, Prunus padus, partly with Phegopteris
connectilis, Melica nutans, Viola riviniana (C12)

F.5.2.3. Scandinavian mountain birch forests (Betula
pubescens subsp. czerepanovii) with dwarf shrubs,
mosses and lichens (Empetrum hermaphroditum,
Vaccinium myrtillus, Deschampsia flexuosa, Pleurozium schreberi, Dicranum fuscescens, Cladina mitis,
C. rangiferina) (C11)

F.5.1.1.4.   Northwest Norwegian coastal and fjord
vegetation complex of birch and pine forests (Betula
pubescens subsp. czerepanovii, Betula pubescens, Pinus
sylvestris) with Alnus incana, Prunus padus, Sorbus
aucuparia (without nemoral species) (C14)

F.5.3. Ural-West-Siberian birch and mixed coniferous-aspen-birch forests (Betula pendula, B. pubescens
s.l., Populus tremula, Abies sibirica, Picea obovata,
Pinus sylvestris), partly with Pinus sibirica

F.5.1.2. Southern boreal and hemiboreal types

F.5.3.1. Northern boreal types

F.5.1.2.1.  West Norwegian birch forests (Betula pubescens, B. pubescens subsp. czerepanovii), partly with
Corylus avellana, in combination with pine forests
(Pinus sylvestris) and locally nemoral mixed broadleaved forests (Alnus glutinosa, Quercus robur, Ulmus
glabra, Fraxinus excelsior) (C13)

F.5.3.1.1. West-Siberian open birch forests (Betula
pendula) with Populus tremula, Pinus sibirica, with
shrubs (Duschekia fruticosa), dwarf shrubs (Vaccinium myrtillus, V. vitis-idaea) and mosses

F.5.1.2.2.  West Norwegian coastal and fjord vegetation complex of birch and pine forests (Betula
pubescens, B. pubescens subsp. czerepanovii, Pinus
sylvestris) with Alnus incana, Prunus padus, Sorbus
aucuparia, hemiboreal type with Quercus robur,
Corylus avellana, Lonicera periclymenum and locally
mixed broad-leaved forests (Ulmus glabra, Fraxinus
excelsior, Quercus robur) (C15)

F.5.3.2.1. Middle Siberian birch forests (Betula pubescens s.l.) with Picea obovata, Larix gmelinii, with
dwarf shrubs and mosses (Vaccinum vitis-idaea,
Ledum palustre, Hylocomium splendens)

F.5.2. North European mountain birch forests
(Betula pubescens s. l.)
F.5.2.1. Scandinavian mountain moist birch forests
(Betula pubescens subsp. czerepanovii) with Cornus
suecica, Vaccinium myrtillus, Barbilophozia lycopodioides, partly with tall-forbs and ferns (Cicerbita
alpina, Aconitum septentrionale, Geranium sylvaticum, Matteuccia struthiopteris, Dryopteris expansa,
Gymnocarpium dryopteris) (C9)
F.5.2.2.  North Scandinavian mountain birch forests
(Betula pubescens subsp. czerepanovii) with dwarf
shrubs, lichens and mosses (Empetrum hermaphroditum, Vaccinium myrtillus, Cladonia mitis, C. rangiferina, Pleurozium schreberi, Dicranum fuscescens),
partly with tall-forbs and ferns (Geranium sylvaticum, Dryopteris expansa, Gymnocarpium dryopteris),

F.5.3.2. Middle boreal types

F.5.3.3. Southern boreal types
F.5.3.3.1. West Siberian birch and birch-aspen secondary forests (Betula pendula, Populus tremula),
partly with Abies sibirica, Pinus sibirica, Picea obovata, with herbs, tall-forbs and sparse moss layer
(Aegopodium podagraria, Oxalis acetosella, Cacalia
hastata, Pleurozium schreberi) on place of dark-coniferous forests
F.5.4. South Siberian mountain aspen-birch forests
(Betula pendula, Populus tremula), partly with Pinus

sylvestris, Abies sibirica and Pinus sibirica
F.5.4.1. Altai-Sayanian mountain (subtaiga) herb-rich
birch forests (Betula pendula) with Pinus sylvestris,
Larix sibirica, with grasses and herbs (Calamagrostis
arundinacea, Poa sibirica, Rubus saxatilis, Hieracium
umbellatum, Cimicifuga foetida)
F.5.4.2. Altai-Sayanian mountain (subtaiga) 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)
F.5.5. East Asian mountain birch forests (Betula
platyphylla) with Larix gmelinii, Pinus sylvestris
F.5.5.1. Yakutian mountain birch forests (Betula
platyphylla) with Larix cajanderi, with drought-tolerant herbs and mosses (Carex pediformis, Artemisia
tanacetifolia, Pyrola incarnata, Fragaria orientalis,
Rhytidium rugosum, Pleurozium schreberi)
F.5.5.2. Daurian-Manshurian mountain (subtaiga)
birch forests (Betula platyphylla), partly with Larix
gmelinii, Pinus sylvestris, with herbs (Carex lanceolata, Artemisia tanacetifolia, Lathyrus humilis, Fragaria
orientalis) and sparse mosses
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An Integrated Mapping Approach and Suggestions for Incorporating
Tundra into the CBVM Legend
D. A. Walker
Alaska Geobotany Center
Institute of Arctic Biology,
University of Alaska Fairbanks, Fairbanks, AK 99775
Email: dawalker@alaska.edu

Introduction
This mapping methodology refers to the process of delineation of the map polygons and is distinct from the
map legend. The method presented here  was developed for the northern Alaska portion of the Circumpolar Arctic Vegetation Map (CAVM) [D.A. Walker, 1999], and with some modification could be applied to
the Circum-Boreal Vegetation Map (CBVM). Details of the 6-steps of the integrated mapping method are
reviewed here because some details (for example creation of the Landscape Unit Map) were not clear in the
original publication. An overview of the process is shown in Figure 1.

33
The 6-Step approach
The goal of the process is the consolidation of information from many source maps onto a single map
with common boundaries at the 1:4M scale. Map
polygons are coded with many attributes in a GIS
database. In areas where the vegetation is poorly
known, the vegetation mapper must rely on terrain
attributes acquired from other sources to help in
determining the vegetation that will be portrayed
on the map. Geographic Information System (GIS)
technology is now routinely used in this process.
Similar approaches to that described here include the
geobotanical mapping method developed for northern Alaska [D. A. Walker et al., 1980], the landscape
guided approach used in Europe [Zonneveld, 1988],
the “Landschaft” approach in Russia [Melnikov,
1998] and the integrated terrain unit mapping approach (ITUM) used by the Environmental Systems Research Institute (ESRI) [Dangermond and
Harnden, 1990]. The last reference best describes the
method for creating large integrated databases and
the advantages of doing so.
The full approach described here was used in Arctic
areas where little vegetation-map information was
available at the required scale or with appropriate
legends (i.e., Canada, Alaska, Greenland). In areas
where good preexisting maps were available (Russia, Svalbard, Iceland) a modification of the method
was used. For example, all of the Russian Arctic was
already mapped at small scales and contained in an
integrated database at the Earth Cryosphere Laboratory in Moscow [Minkin et al., 2001]. This then
became the starting point for the Russian contribution to the CAVM. The most critical part of the process was to adjust the map boundaries from various
sources to a standard base map.

Step 1: Obtain source maps
At this step the main resources for making the map
were obtained.  Those that were useful to drawing
map-polygon boundaries were reproduced at a scale
of 1:4M.

Figure 1. Summary of integrated mapping process used in northern Alaska.

A very important decision at this point was the
choice of the base map at the required scale. For this,
a false-color-infrared image of the entire Arctic was
developed by the US Geological Survey at 1:4M scale
from AVHRR (Advanced Very High Resolution) satellite imagery [M.D. Fleming, 1997a (unpublished)].

Other products derived from the AVHRR-derived
data included a map of the Maximum Normalized
Difference Vegetation Index at the same scale [M.D.
Fleming, 1997 (unpublished)]. For Alaska, a vegetation land-cover map was also produced from the
same data set [M. D. Fleming, 1997b, unpublished].
Topography, hydrology, and coastal boundaries
came from the GTOPO30 global DEM [Gesch et al.,
1999]. We also obtained hard copy source maps of
vegetation [Selkregg, 1975; Spetzman, 1959], surficial geology [Selkregg, 1975; Williams et al., 1977]),
bedrock geology [Beikman, 1980], soils [Rieger et al.,
1979], percent water cover [Sellmann et al., 1975],
phytogeographic subzones and floristic subprovinces
[Yurtsev, 1994; Elvebakk, 1999].
One of the most important source maps was the
landscape unit map because it fixed many of the
boundaries for vegetation and other units. It had
to be created for northern Alaska because no other
appropriate source map was available. A full description of this map is missing from the description in
Walker et al. 1999. This map was photo-interpreted
from the AVHRR CIR image and shows the major
landscape units (mountains, hills, plains, plateaus,
floodplains). The names of the landscape units were
adopted from the Russian “Landschaft” approach
[Minkin et al., 2001].

Step 2: Simplify source maps
All maps were photographically reproduced at 1:
4M scale. Map polygon boundaries derived from the
source maps were drawn on mylar overlays at 1: 4M
scale. Legends and details of the maps were simplified to contain only information of known relevance
to the vegetation. All boundaries were adjusted to
conform to the AVHRR base map. The minimum
polygon size was 3.5 mm except for linear features (2
mm).

Step 3: Create Integrated Terrain Unit Map
(ITUM)
Boundaries were all adjusted to the AVHRR CIR
image and DEM coastlines, lakes and rivers and
landscape unit boundaries. (Important note: In
Walker et al. 1999, Fig. 3, the Landscape Unit map is
missing from the left side of this diagram. And the
right side should be labeled Integrated Terrain Unit
Map (ITUM) instead of Integrated Landscape Units
(ILUM)).
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The landscape unit map was the starting point for
adding successive layers of information. Mylar overlays of other maps were registered to the landscape
unit map.  First, the boundaries from the landscape
unit map were traced onto a new mylar overlay. New
boundaries were then added to account for information from the other map sources. “Soft” boundaries
such as vegetation transitions were adjusted to hard
fixed boundaries such as lake, river and coast boundaries, and sharp landscape features such as mountain
boundaries.  Sliver polygons (small meaninless polygons that were created when two maps were overlaid on each other) were eliminated by determining
which boundary best fit the information visible on
the AVHRR image. The process of making an ITUM
is described more fully by Dangermond and Harnden
(1990). Table 1 contains the units that were coded in
the ITUM.

Table 1. Simplified Legend for North Slope
Integrated Terrain Units
1.
2.

Acidic mountain complex with coarse deposits,
extensive bedrock
Nonacidic mountain complex with coarse de
posits, extensive bedrock
Acidic plateau, basin, or plain complex
Nonacidic plateau, basin, or plain complex
Glaciated valley and moraine complex

3.
4.
5.
Hills
6. Acidic hill complex with rare bedrock outcrops
7. Acidic hill complex with occasional bedrock
outcrops
8. Nonacidic hill complex with rare bedrock outcrops
9. Nonacidic hill complex with occasional bedrock
outcrops,
Plains
10. 10. Acidic plains, <25% lakes
11. 11. Acidic plains,  25-75% lakes
12. 12. Nonacidic plains, <25% lakes
13. 13. Nonacidic plains 25-75% lakes
14. 14. Deltas and coastal wetlands (saline)
Riparian areas
15. 15. River floodplain complex
Water and glaciers
16. 16. Water or lake complex (>75% water cover)
17. 17. Glacier complex (>75% glacier cover)

Step 4: Create Integrated Vegetation-Complex Map (IVCM)

At this step, the vegetation information from vegetation sources (landcover classification, NDVI, vegetation maps) was added to the ITUM. Additional polygons were drawn where necessary to incorporate the
vegetation information. At the end of this process,
a clean IVCM polygon map, with no polygon or attribute codes was drafted and scan-digitized. Unique
polygon id numbers were assigned to each map
polygon. The IVCM legend was created by modifying ITUM legend to account for the new vegetation
information (Table 2).

Table 2. Vegetation Complex legend
Mountains
1. Acidic mountain vegetation complex with
coarse rubbly deposits, extensive bedrock, and
vertical zonation
2. Nonacidic mountain vegetation complex with
coarse rubbly deposits, extensive bedrock, and
vertical zonation
3. Acidic plateau, basin, or plain vegetation                         
com plex
4. Nonacidic plateau, basin, or plain vegetation  
complex
5. Glaciated valley and moraine vegetation com
plex
Hills
6. Acidic hill vegetation complex with rare bed
rock outcrops, no vertical zonation
7. Acidic hill vegetation complex with occasional
bedrock outcrops, no vertical zonation
8. Nonacidic hill vegetation complex with rare
bedrock outcrops, no vertical zonation
9. Nonacidic hill vegetation complex with occa
sional bedrock outcrops, no vertical zonation
10. Low- to high-shrub vegetation tundra complex
on uplands
11. Subalpine shrubland vegetation complex
12. Mixed evergreen and deciduous forest complex
on uplands (border area with Canada)
Wetlands
13. Acidic mire vegetation complex, <25% lakes
14. Acidic mire vegetation complex, 25-75% lakes
15. Nonacidic mire vegetation complex, <25% lakes
16. Nonacidic mire vegetation complex 25-75%
lakes
17. Coastal mire vegetation complex (saline)
Riparian areas
18. River floodplain vegetation complex
19. Bottomland evergreen forest vegetation           
complex
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20. Bottomland deciduous forest vegetation                                              
complex
Water and glaciers
21. Water or lake vegetation complex                 
(>75% water cover)
22. Glacier complex (>75% glacier cover)

Step 5: Derivation of plant-community
look-up tables

The goal of the CAVM was to create a pure vegetation
map and not a map showing ecological land units. To
accomplish this, it was necessary to determine from
the literature the primary vegetation types that could
then be attached to each vegetation complex on the
IVCM. A map could then be created that showed the
dominant vegetation type in each map polygon.
The available vegetation information was summarized in tables.  First, a map was created that showed
the locations of all known vegetation-studies in
Arctic Alaska with respect to bioclimate subzones
and floristic subprovinces. A table was created that
contained the dominant plant communities occurring in each combination of floristic province, bioclimate subzone, substrate type, and position on the
meso-topographic (soil moisture and snow) gradient.
It was later modified to contain information for all of
Arctic Alaska [Raynolds et al., 2006; see
http://www.arcticatlas.org/atlas/aatvm/images/aatvm15Jan06side2.pdf
for the full table]. Similar tables were made for arctic
Canada and arctic Russia. A total of 87 plant communities were in the table for Arctic Alaska, and 150
in the table for arctic Russia. Some of these were not
unique because some plant communities occurred in
more than one position in the table. Another look-up
table was constructed giving important properties of
the plant communities (e.g. dominant plant growth
forms, biomass, productivity, horizontal structure,
etc.) that were derived from the literature or estimated (refer to Walker 1999 for more information on
these tables).

Step 6: Draft vegetation map and other derived maps
The initial draft vegetation maps were produced by
reference to the look-up tables. Legends for the maps
and colors for the map were later modified for the
CAVM based on information from the other regions

of the Arctic. For example, the original draft maps for
northern Alaska used a hierarchic legend that organized the map units according to bioclimate subzones.
This was later changed to a map legend organized
according to vegetation physiognomy.
Separate maps were also derived showing dominant
plant growth forms, biomass, horizontal structure
also based on information in look-up tables. Other
maps were also created that displayed the other geobotanical attributes that went into making the vegetation map (e.g. landforms, substrate pH, elevation,
bioclimate subzones, floristic subprovinces). Many
of these were later used as inset maps on the final
CAVM [Walker et al., 2005].

Suggestions for the CBVM:
Terrain information
Much more plant community information is available
for the boreal forest than was available for the Arctic,
so the full process described here will not be needed
in all areas. However, I suggest that some terrain
base layers be created that cover the whole Arctic
because these will be invaluable for creating and
interpreting the final vegetation map. These include
(1) a standardized digital elevation model, (2) a base
map with coastal boundaries, rivers, lakes and line
crenulations adjusted to the 1:4M scale base scale, (3)
a simple terrain unit map (mountains, hills, plains,
plateaus, river floodplains and terraces, lakes, etc.),
(4) a map that displays major variations in substrate
pH (acidic, nonacidic substrates), (5) a map that
shows major differences in soil texture and surface
lithology (sands, loamy and clay soils, bedrock, peat),
(6) a digital map of percent water cover, (7) maps of
climate indices useful for delineating bioclimates.

Vegetation information
Tundra not be separated from the forest areas along
a sharp boundary at tree line.  Many of the tundra
mapping units will occur on both sides of the treeline boundary. It would be better to stick to strict
physiognomic legend system.
I would suggest developing a vegetation hierarchy
system that is separate from the units that will be
displayed on the map. Table 3 is a suggested vegetation hierarchy similar to that developed at the workshop except it organizes the non-forest units on a
more strictly physiognomic basis. Lower level units
that display geographic variations on these units are
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not shown. This suggested legend does not separate
out wetlands as was done on the CAVM, but instead
incorporates the tundra wetlands into “herbaceous
vegetation”. These vegetation units could then later
be organized into the vegetation map units that
may be more appropriately displayed on the map as
complexes such as “alpine tundra complexes”, “river
floodplain complexes”, or “wetland complexes”.
Table 3. A suggestion vegetation hierarchy for including tundras in the boreal forest legend. Tundra units
are bolded in this abbreviated legend. The map units
could include complexes of these vegetation types.
I. Forest
A. Needleleaf Forest
1. Evergreen needleleaf forest
a. Dark evergreen needleleaf forest
(Abies, Picea)
b. Light evergreen needleleaf forest
(Pinus, include Pinus pumila here)
2. Deciduous needleleaf forest (Larix)
B. Broadleaf Forest  
1. Small broadleaf forest (Betula, Populus,
Chosenia)
2. Large broadleaf forest (Quercus, Acer, etc.)
C.  Mixed needleleaf and broadleaf forest
II. Shrublands
A. Tall (>1.5 m tall) and medium height (0.4 – 1.5 m
tall) shrublands
1. Tall and medium height Arctic shrublands
(Alnus, Betula, Salix, etc.)
2. etc. other tall shrublands in the boreal
region
B. Dwarf shrublands
1. Erect dwarf-shrublands (0.15 to 0.4 m tall)
a. Arctic erect dwarf-shrub tundras
(Betula nana, S. planifolia, Salix spp., 		
		Cassiope)
b. Alpine dwarf-shrub tundras
c. Oceanic dwarf-shrub heaths (Em		
		petrum and others)
2. Prostrate dwarf-shrub (<0.15 cm tall) tun
dras (Dryas, Salix arctica, S. nummularia, S. 		
polaris, etc.)
III. Herbaceous vegetation (sedges, rushes, grasses
Carex, Eriophorum, Luzula, Poaceae, and forbs)
A. Grasslands (non-tundra)
B. Moist and dry graminoid-dominated tundras
1. Tussock-sedge, dwarf-shrub, moss tundra
(Eriophorum vaginatum)

2. Sedge, dwarf-shrub, moss tundras (in
cludes nonacidic tundras of Arctic subzones
D and C).
3. Sedge and grass dominated “steppe tun
dras” (Kobresia, and Poaceae)
4. Rush dominated tundras (Luzula commu
nities of the High Arctic subzones A and B)
C. Wet graminoid dominated tundras
1. Wet graminoid, moss tundra (common in
Arctic subzones A and B)
2. Wet graminoid, erect dwarf-shrub
tundra, moss tundra (common in subzone D)
3. Wet graminoid, low-shrub, moss tundra
(common in subzone E).
IV. Sparse vegetation (with large component of bare
ground)
A. Cushion-forb, graminoid, cryptogam tundra
(common in Arctic subzone A (polar deserts) with
Saxifraga, Minuartia, Papaver, Cerastium, Luzula,
Poa, Alopecurus, Gymnomitrion, Thamnolia, Racomitrium, etc.)
B. etc. Other sparsely vegetated units.

Conclusions
1. An explicit consistent mapping approach that is
used by all participants will require the least amount
of reconciliation during the synthesis and joining
phases of the mapping. If the method described
here or a similar integrated mapping method is applied consistently, it would result in a GIS database
whereby each map polygon is coded with numerous
landscape attributes in addition to the vegetation.
These attributes are essential anyway to help in defining the vegetation within polygons and should be
captured in the mapping process. The final vegetation legend could come later after the polygons are
attributed with terrain and preliminary vegetation
designations and the full range of vegetation complexity is realized.
2. It is essential to keep the scale in mind when considering what vegetation can be portrayed at such a
small scale. Nearly all river valleys, south and northfacing slopes, and successional details in forested
regions will not be large enough to be explicitly
represented. At this scale, only the dominant vegetation type, usually the zonal type in most areas, or
dominant type within large azonal complexes (e.g.
mountains and wetland complexes), can be por-
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trayed. More detail regarding the vegetation mosaic
within the polygons can be contained in accompanying tables and charts.

and independent from the other landscape variables
and not merged into ecological land units as primary mapping units.

3. The boundaries of the map polygons at 1:7.5M
scale are based mainly on landscape variables
(mountains, plains, hills, wetlands, very large river
systems, and large areas with distinctive soils such
as sands vs. loams, and acidic vs. nonacidic soils)
and not the vegetation per se.

6. Countries with already existing vegetation maps
at similar scale, such as Europe and Russia, should
conform existing map boundaries to the base
imagery. But I would encourage them to also code
other landscape attributes into each map polygon,
so the GIS data base is consistent across the full
mapping domain. This will require agreement on
legend systems for the other attributes of the GIS
database (geological units, landscape units, soil
units, etc.). These legends should be kept as simple
as possible and contain only information relevant to
the vegetation at the scale of the map.

4. Mappers should avoid the temptation to add too
many polygons to the map, such as in river systems
or the mountains, or to make lines overly crenulated
because this will unduly increase the size of the data
base and will be invisible at the scale of the map.
5. Ecological land units can be derived from the
data base if desired, but it is essential  during the
mapping to keep the dominant vegetation distinct
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Abstract
The CBVM Workshop in Helsinki, November 2008, established the North America Team to be lead by Bill
Meades with Torre Jorgensen the lead for Alaska. In the short period since the workshop we have not have
time to establish formal collaboration between Alaska and Canada. However, both countries have made some
progress as reported from the University of Alaska and the following presentation on Canada.
Within Canada a core team has been established
consisting of Bill Meades, Ken Baldwin, James Brandt   
(Canadian Forest Service),  Jean-Pierre Saucier and
Andre Robitaille (Ministère des Ressoures naturelle
et de la Faune du Quebec), Del Meidinger ( B.C.
Ministry of Environment, recently retired), Steve
Cummings ( Laval University) and Paul Treitz (
Queens University). The Canadian Forest Service
has endorsed the project and provided funding of
$25,000.00 for coordination activities in 2009. Also,
discussions have occurred with the International
Model Forest Network (IMFN) with respect to potential collaboration between CBVM and their Circumboreal Initiative, possibly using some of the Model
Forests as pilot mapping sites in Canada, Scandinavia
and Russia..
In the short-term there is a need to develop closer
working relationship with colleagues in Alaska and
others internationally to ensure a harmonized approach to the development of the mapping legend.
Within Canada, we plan to build on existing regional
collaboration established through the Canadian
National Vegetation Classification network as well as
additional expertise in mapping and remote sensing.
We will also follow through with the secretariat of
INMF network to facilitate working relations between
Model Forests and CBVM mapping teams.
In the long-term, we are facing some significant challenges. The area of the Boreal in North America is
about 627 million ha. Work on the Canadian Forest
Ecosystem Classification suggests there are over 1000
forest associations in addition to wetland, heath and

tundra. We foresee a significant effort needed to link
the map legend and the vegetation classification at the
appropriate scale. Widespread disturbances by fires,
insects, forest harvesting and other cultural activities will confound the application of the concept of
“Potential” versus “Existing” Vegetation. The availability of plot data is heavily skewed towards the more
southern limits of the Boreal zone and we will have to
rely on available literature sources and remote sensing
to fill in the gaps.
On the positive side, we have a number of existing
frameworks and data sources from which to start.
The national Ecozone and Ecodistrict classifications
established by Environment Canada and provincial
government maps provide a first approximation of
where the most significant climate and physiographic
divisions occur. Provincial government resource
inventories provide considerable information on forest and wetland cover at a scale of 1:20,000 or better.
The Canadian Soil Information System (CANSIS)
can provide insight into defining zonal site conditions for potential vegetation. Most importantly over
the last decade we have made considerable progress
in harmonizing the vegetation classifications which
are critical to the development of a robust mapping
legend.
In conclusion, while we see significant challenges to
the CBVM project, there is sufficient knowledge to
proceed and a global urgency to contribute to the
conservation of the Boreal Biome.
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Icelandic Institure of Natural History
Hlemmur 3, P.O. Box 5320
IS-125 Reykjavik, Iceland
Tel: +354 590 0500; Fax: +354 590 0595
Email: <gudm@ni.is>

Abstract
In 2009 a vegetation group was established to map and monitor vegetation of the North Atlantic Oeanic Area
including southern Greenland (SG), Iceland (IS) and the Faroe Islands (FO) according to uniform methods.
The aim of the project is 1) to define a common classification system, 2) to establish permanent plots and 3)
to map the vegetation. Items 1 and 2 will be achieved  at two meetings in 2009 and results will be published
in a report ultimo 2009. The group has applied for funding and this phase of the project is dependent on the
success of the application.

The classification system used for the vegetation
mapping in this project will be the Braun-Blanquet
method. The Braun-Blanquet method is a powerful
tool to describe, characterize and classify the plant
communities of an area in an ecological, geographical, dynamical and historical context. The strength
of this approach was highlighted by a.o. Westoff
& Maarel (1978). The approach was developed in
the mainly man-made culture landscapes of western Europe. However  the modernized approach is

pography, while climate (boreal, oceanic-suboceanic)
and land-use effects are likely more similar. Moreover
plant geographical aspects are surely involved since
SG and the western part of IS geologically belongs to
the N-American continent, whereas the eastern part
and FO belongs to the Euro-Siberian continent.
From a scientific point of view our approach is new.
We expect interesting results on the field of syntaxonomy, just as on dynamics of natural boreal and
arctic plant communities under influence of manmade European communities as well, connected with
introduction of agriculture and farming.

Anna Maria Fosaa
Head of Botanical Department
Faroese Museum of Natural History
V. U. Hammershaimbsgøta 13
FO-100 Tórshavn, Faroe Islands
Email: <anmarfos@ngs.fo>

The permanent plots will be established along
transects reaching from the boreal seashore to the
mountain tops, which will make it possible to study
vegetation change through altitudinal vegetation belts
and the climatic gradient. The method of recording
will be uniform (cf. Gloria concept). Intercomparison
of the plots from the three regions allows elaboration
of the changes related to the differences in climate
and oceanicity (Conrad scale).
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nowadays successfully applied in nearly all parts of
the world in particular in arctic and boreal vegetation
(e.g. Daniёls 1994, Fredskild 1996, Dierssen 1996,
Walker et al. 2005). The application of this method in
this project allows a first fundamental comparison of
the vegetation types of the Faroe Islands (FO), Island
(IS) and Southern Greenland (SG) as a whole, which
enables a detailed ecological and geographical interpretation and evaluation of the results. There is no
need for extensive fieldwork, since for all three areas
vegetation data and surveys exist.
The mapping methodology will be principally derived from the CAVM approach (Walker et al. 2005),
however this is still to be set within the CBVM group.
Faroe Islands, Iceland and South Greenland will work
together since these areas are situated close together
and  consequently have similarities, but also differences. The most important differences in the actual
vegetation are likely mainly due to substrate and to-

In the perspective of global warming a survey and
map of the vegetation types of these three areas according to uniform methods and nomenclature are
indispensable for future monitoring and extrapolation of the results. This is so evident, that it needs
no argumentation. Therefore we have established
the MNAOV group within the CBVM which main
task will be providing the map units with abiotic and
vegetation information according to the Braun-Blanquet system as well as to compile all existing vegetation map data from the three areas and present it in
practicable uniform format for further use on smaller
scale.    
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Biogeography of the Mountain Forests of Siberia
Galina Ogureeva
Faculty of Geography
M.V. Lomonosov’s Moscow State University
119199 Moscow, Russia
E-mail: <ogur02@yandex.ru>

Abstract
The natural botanical diversity of species and plant communities in the mountains of Russia is high. The
phytogeographical research in mountains is related to the development of the concept of a three-dimensional
vegetation structure. There is an integral relationship between latitude- and altitude-zonality features of
vegetation distribution that is characteristic of mountains in comparison with the plains. An altitudinal belt
is considered as the basic structural unit for mountain vegetation, using for its determination the actual
climate, landscape or land-use characteristics. Each altitudinal belt has a particular type of vegetation, or
the combination of several types. In our research the altitudinal vegetation belt is considered as a complex
combination of the climatically predefined plant communities of one or several plant formations, connected
into ecological-dynamic series on slopes of different exposure (a phytocatena) within the limits of a certain
altitudinal belt. The combinations of plant communities on slopes of different aspects determine regional
specificity of mountain vegetation and reflect ecological and natural potential of ecotopes of a belt. Data on
the vegetational structure of a belt and its regional features considerably increase objectivity for the allocation
of belts and delineation of their borders. The three-dimensional vegetation structure was established during
the historical development of a mountain region. The modern distribution of belts and their floristic composition depend on primary factors such as a climate (wet, dry, thermal), landscape-geomorphological (hilly,
middle-, high mountains and etc.), or land-use (belt of plantations), causing change in plant formations. It is
possible to define about 20 vegetation belts with their own altitudinal-climatic sub-belts for the mountains of
Russia. A wide diversity of taiga forests, typically for altitudinal zonal types exist in the boreal class in Siberia.
The mountain taiga forest belt of Siberia is defined by four geographic-genetic complexes of plant formations:
Ural-Siberian, Angaridian (East-Siberian), Okhotian and Beringian. There are also a forest-steppe belt and a
several sub-belts of mountain taiga belt.
It is well-known that there is high correlative relationship between biotic subdivision of vegetation
belts and high-altitude climatic gradients. For instance, a thermal factor establishes a border between
belts and sub-belts in mountains of South Siberia;
moisture acts more locally and defines the variety
and shifts of vegetation formations within the belt.
The sum of positive temperatures for an active vegetative season (above 10° C) changes in humid regions
of mountains of South Siberia within 1800-2000° in
the forest-steppe belt, it goes down to 1150-650° in a
dark coniferous forest belt and falls to 650-250° in the
belt of subalpine open woods. A belt of the mountain
expositional forest-steppes with bands of birch forests
and meadow steppes; pine, larch forests with true
and bunchgrass steppes is distributed at heights from
400-1200 m above sea level. A belt of the coniferous
forests (mountain taiga) is presented from dark- and

light-coniferous open woodlands and parks near the
timberline to dark- and light-coniferous forests of
different formations (from the sea level before 20002300 m). For example, two sub-belts differ in the
limits of a taiga belt for the Altay Mountains: sub-belt
of a sub-nemoral Siberian pine - fir forests, which do
not have analogues among a flat taiga and sub-belt of
a mountain dark-coniferous taiga. The first sub-belt
is located within the limits of 400-1200 m height and
receives up to 800-1000 mm of precipitation per year;
the floristic complex of this taiga forests includes a
species of a nemoral and boreal taiga groups. The
sub-belt of a mountain taiga is distributed at elevations of 400-2400 m. It is submitted from dark-coniferous Pinus sibirica-Abies sibirica-Picea obovata and
light coniferous Larix sibirica south Siberian forests.
Larch forests of one group are submitted by grassy
types with rich specific structure. The second group
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geography of species and plant communities revealing rare and unique objects within the limits of
separate high-altitude belts. The number of mountain
forest belts of the Altai Mountains is estimated to be
approximately 20; these belts may be depicted on the

circumboreal vegetation map. is submitted by poor
communities of larch open woodlands connected in
the distribution with the top border of forests.
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Approaches to vegetation mapping of Kola Peninsula

Comments on the Bioclimatic Divisions and the Proposed Legends are
for the Circumboreal Vegetation Map (CBVM)

Tatjana Chernenkova
Centre for Problems of Ecology and Productivity of Forests RAS
Profsoyuznaya str. 84/32, 117997 Moscow, Russia,
Email: <chernenkova50@mail.ru>

Abstract

The aims of our development project for the CBVM are: 1. Application of Russian mapping experience to
develop the CBVM at a global level, and 2. Mapping the actual and potential vegetation of Kola Peninsula
(Russian part) at regional and local levels: a. estimation of boreal forest dynamic under natural (climate) and
anthropogenic (air pollution, fires, cutting) factors, and b. definition of the role of leading factor of spatial
distribution of forest types (starting with landscape). This is the first effort to reflect our representation on botanical-geographical zoning and classification of boreal vegetation at different hierarchical levels at the table.

Table 1. Botanical-geographical zoning and classification of boreal vegetation at hierarchical levels.
Average Size
104 - 106 km 2
102 - 104 km2
>104 km2
<106 km2
Map scale

<1:1 000 000

1:500 000 –
1 000 000

1:200 000 –
1:500 000

Scale
Key factors

Global
Climate

National
Climate Geology

Regional
Climate Geology
Landscape
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>1:200 000

Local
Landscape
Ecological factors
(altitude, hydrology,
soil)
Disturbance
Hierarchical levels Vegetation zone
Ecological region and subzone
Landscape
Subzonal forest type Forest type
Definitions
Zonal and extraWest-Europe,
(north, middle,
zonal vegetation
East-Europe,
West Siberia,
south types)
Middle-Siberia,
East-Siberia,
Far-Eastern part
Example
Taiga zone
European north
East Scandinavian Piceetum fruticubotreal region
(Kola Peninsula)
loso hylocomiosum
(province)
north taiga type
The forest typological structure was defined based on regional and landscape (local) levels using the remote
sensing data, digital elevation model (DEM) data, and field data. The use of landscape information (relief
data) and climate data is necessary for the creation of a potential vegetation map.

Teuvo Ahti
Botanical Garden and Museum
Finnish Museum of Natural History
P.O. Box 7, FI-00014 Helsinki University, Finland
Email:  <ahti@mappi.helsinki.fi>
  
Having read the draft legends of the Eurasian units for the CBVM and the plans of the North American contributors I wish to make some comments how to treat some critical areas on the map.
The hemiboreal subzone is delimited in detail on the draft map for the North American boreal zone, largely
following Brandt (2009). I find its delineation quite acceptable with the exception of the western North
America. In my opinion it is not logical that the subzone – or even any other boreal subzone is not extended
to the Pacific Ocean. I would regard the northernmost, coastal Picea sitchensis forests as hemiboreal and
boreal (‘boreal rainforests’), as earlier suggested by Tuhkanen and Hämet-Ahti, for instance. It seems that
the committee members are favouring the exclusion of the hemiboreal from the boreal zone on our map and
support its inclusion in the temperate zone, as has been done on the vegetation map of Europe by Bohn et al.
I would have supported its inclusion in the boreal zone. It is, of course, highly transitional, but largely very
boreal in nature, especially in its northern and continental parts, where temperate hardwoods can be absent.
As a compropmise, at least the limits of the hemiboreal subzone would be very useful to be indicated on the
CBVM map even if not described more closely. In general one should accept that the wet end of each subzone always contains a very different flora. As to western North America there must be actually a continuous
hemiboreal gradient along the Skeena River in northern British Columbia through the coastal ranges, let us
say from Prince George to Prince Rupert and further to the Queen Charlotte Islands, even though the gradient must be rather abrupt. Picea sitchensis is simply a temperate-boreal, hyperoceanic species. It is much
planted in the other oceanic boreal areas, like Iceland, Scottish Highland and Norway, for forestry!
Boreal, oceanic heathlands were correctly listed as
the most oceanic sector from eastern North America
(Newfoundland) on the North American draft list,
but there are oceanic heaths and grasslands (or
“herb lands”) also on the Alaskan coasts, notable the
Aleutians, as well. They should also be recognized
on the east coast of Asia: Commander Is., Kuril Is.,
like in Europe. Krummholz is known from coastal
Newfoundland and Labrador (Abies balsamea, Picea
glauca, P. mariana) and the Russian Far East (Pinus
pumila, Picea glehnii). In Europe there is probably
too little of krummholz to be indicated on maps.
I also propose that the plants cited in the legends are
listed in a separate index. The index should include
major synonyms and explanations to support the
applied taxonomy. The modern name changes due to
results from recent molecular taxonomy should be
cited when appropriate, even if the latest taxonomy is
not applied. It should be noted that in many cases the
current Russian, American and European nomenclature is different. Typical cases needing explanations

are Abies lasiocarpa s.l., Alnus incana s.l., A. viridis
s.l., Betula spp., Larix gmelinii s.l., Ledum/Rhododendron, Picea hybrids, Populus balsamifera s.l., Cladonia/Cladina, Dicranum fuscescens s.l.
Abies lasiocarpa, includes  A. bifolia (recognized in
recent Flora of North America, rarely elsewhere).
Alnus incana, includes several subspecies, often recognized as species, which can be ecologically rather
different from the western Eurasian subsp. incana.
Subsp. incana is widely an important second-growth
species on upland type soils in Russia and Finland,
while subsp. rugosa (eastern North America), subsp.
tenuifolia (western North America), subsp. hirsuta
(East Asia), and subsp. kolaënsis (NW Europe) are essentially streamside plants.
Betula pubescens s. lat. forming extensive, largely
hybridogenous complexes in NW Europe and Greenland. The complex includes the mountain birch,
subsp. czerepanovii (often called B. tortuosa, which

46
is apparently a misused name) and B. subarctica. B.
pubescens s. lat. forms both primary forests (woodlands) and second-growth forests.
Larix cajanderi is rarely recognized as a taxon distinct from L. gmelinii (L. dahurica possibly correct
name) outside Russia but is rather treated as a segment in clinal gradient.
Ledum is commonly treated as a group with Rhododendron by modern taxonomists, e.g. on the basis of
molecular taxonomy. Then the widespread Ledum
palustre s. str. is Rhododendron tomentosum and
L. palustre var. (subsp.) decumbens is treated as R.
decumbens.
Picea abies and P. obovata
Populus balsamifera, includes subsp. trichocarpa,
which is dominant in NW North America but extensively hybridizing with subsp. balsamifera; they are
often regarded as distinct species
Picea abies and P. obovata are almost always recognized as subspecies in N. Europe, because their
hybrid P. x fennica, is very widespread and often
dominant from Lapland to the Ural Mts.
Nemopanthus mucronatus, more modern name Ilex
mucronata, based on molecular studies
Larix cajanderi, in the west usually included in L.
gmelinii, but in Russia normally regarded as a distinct
species

Salix gmelinii, recently found to be the correct name
of S. dasyclados (S. burjatica)
Deschampsia flexuosa now commonly called Avenella
flexuosa
Aconitum septentrionale, commonly included in A.
lycoctonum, but perhaps best as its subsp. septentrionale
Dryopteris expansa, all the Asian D. “dilatata” is apparently this species.
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Remote Sensing Projections and Preliminary Image Products for the Circumboreal Vegetation Mapping Project
Carl Markon
Senior Geographer
Alaska Science Center
U.S. Geological Survey
4210 University Drive
Anchorage, Alaska 99508 USA
Email: <markon@usgs.gov>

Abstract
As with the Circumpolar Arctic Vegetation Mapping (CAVM) project, a series of standardized, baseline data
products (both digital and hardcopy) and geographic projections are needed by which all other data layers
and products can be referenced to and organized. For the Circumboreal Vegetation Mapping (CBVM) project, the following recommendations are made for geographic products and work regions or sub-regions, and
associated geographic projections, based on published parameters.
There are four primary regions recommended for the CBVM, two at a hemispherical view, and two at a global
view.  For the hemispherical views, one would be for North America and the other for Eurasia, with Eurasia
broken into western and eastern views. These areas could be further subdivided depending on mapping scale
and vegetation types, and display scales for the final product.  These would be based on Lambert azimuthal
equal area projection with the latitude of origin at 45 degrees north latitude.  For North America, the central
meridian is -100 degrees west longitude and the displayed area of the map is north of 42 degrees; for Eurasia,
the central meridian is +100 Degrees east longitude and the displayed area of the map is north of 40 degrees.  
For the global views, it is recommended that both
a polar view and and a boreal view be used, as both
are good for final products, although the boreal view
may be more applicable for some products, such as
publications in journals. The polar view (also based
on the Lambert azimuthal equal area projection)
would have a latitude of origin at the North Pole
(e.g., latitude of origin at 90 degrees) and the central
meridian is 0 (prime meridian). The boreal view
would be based on the interrupted Goode homolosine projection with a central meridian at 0 (prime
meridian). It is an equal-area map projection that
uses the sinusoidal projection for low latitudes and

the Mollweide projection for high latitudes. It allows for a different global view and is good for space
limited geographic products such as publications. All
projections are based on WGS 84.
It is also recommended that initial image baseline
products use the MODIS (Moderate Resolution
Imaging Spectroradiometer) satellite and that any
ancillary data products and final map products be
produced and mapped from at the 500-m resolution.
Final map products would be a scale of 1:7.5 million
to provide a seamless map product with the CAVM.
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Monitoring Ammassalik Vegetation Change 1968/1969 – 2007 (MAVC)
– Global Warming and Vegetation Change in the coastal low-arctic tundra of Southeast Greenland
Fred J. A. Daniëls
Institute of Plant Ecology,
Hindenburgplatz 55, 48143 Münster, Germany,
Email: <daniels@uni- muenster.de>
Johannes G. De Molenaar
Gruttostraat 24
4021 EX Maurik, The Netherlands

Abstract
The knowledge of the low-arctic vegetation of the Ammassalik district, southeast Greenland, is mainly
known from phytosociological studies by the authors recorded 1968 and 1969. The resulting monographs
present a detailed account of the flora, plant community types and landscape at a time when there was little human impact (population, tourism) or global warming effect. Climatic changes during the last 40 years
include a mean annual temperature increase from minus 2.5°C to minus 0.3°C, and a distinctly longer period
of summer warmth.
Comparisons between the periods 1963-1967 and 2002-2006 show longer and warmer summer periods and
distinct less cold and shorter winters with less snow. We wanted to find out if there were vegetation changes
at the plant community type level during a period of nearly 40 years and to discuss the results against a
background of global warming. In 2007 we revisited 11 key coastal tundra plant community types near the
town of Ammassalik. We re-analysed the same plots, or the same stands using at least 10 relevés and the same
methods. Moreover, we did some re-mapping of the vegetation. Preliminary results of this unique study show
that floristical composition, structure and distribution appears rather similar, in particular on dry, southernexposed sandy slopes (Festuco-Salicetum glaucae, Cladonio-Viscarietum alpinae and Caricetum bigelowii)
and in zonal sites with Empetrum hermaphroditum-Vaccinium microphyllum dwarf shrub tundra. However,
mire vegetation (Caricetum rariflorae) and several types of snowbed vegetation (Polygono-Salicetum herbaceae, Alchemilletum alpinae, Alchemilletum glomerulantis and Hylocomio-Salicetum herbaceae) show
more distinct changes, probably due to the drier sites conditions due to shorter winter periods with less snow.  
Salix callicarpaea and some boreal species are more prevalent now. Human impact on the vegetation is still
confined to the immediate surroundings of the town.  
Internet:  <http://www.polarjahr.de/MAVC.268+M52087573ab0.0.html>
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Application of CBVM for the Identification and Protection of Threatened
Habitats - Possibilities and Challenges
Raimo Heikkilä
Finnish Environment Institute
Research Programme for Biodiversity
PL 111
FI-80101 Joensuu, Finland
Email: <raimo.heikkila@ymparisto.fi>

Abstract
During the latest decade, numerous assessments of threatened habitats have been conducted in various European countries, e.g. Austria, Germany, Norway, Finland, Russia, Great Britain, Latvia, Estonia and Hungary.
The main criteria in the assessment have been threats caused by the reduction of the area of the habitats and
changes in the quality of habitats. In the Finnish assessment, which was finished in 2008, altogether 381 habitat units were distinguished, covering forests, mires, Baltic Sea and coastal areas, inland watercourses, rock
outcrops, traditional agricultural habitats and fjell areas. Also some landscape types were evaluated. Most of
the units were on the site type level according to the Finnish vegetation classification. In forests the age and
naturalness of the tree cover was also taken into account. In mires, in addition to site types,  mesotopes (massifs) were assessed.
The 1.5 million scale of CBVM is far too small to assess site types or associations. The experience from European Vegetation Map (EVM) in scale 1:2 500 000 shows that a relatively small scale map can reveal hot
spots for biotope conservation. With its about 700 mapping units, it gives a lot of information about needs for
conservation. However, while the map shows basically potential vegetation without showing land use impacts,
there are limitations. Large scale loggings and intensive management of forest and mire habitats especially in
the southern boreal subzone have greatly reduced natural habitats. This was taken into account in the texts
of EVM, for example, increasing the possibilities of useing the map for nature conservation purposes. In the
smaller scale of the CBVM the number of mapping units must be considerably smaller than in EVM, which
leads to lower level of information. The present remote sensing applications, however, make it largely possible
to take into account the state of habitats, especially the impact of loggings on forests. It is more difficult to  
assess the state of mires in forestry. The utilization of mires has been intensive especially in Finland and some
parts of NW Russia, and there it is a significant feature for mapping.
In conclusion, CBVM will be a useful tool to reveal the most important regions for threatened habitats, and
the global scale will support more detailed local or regional assessments of the state of habitats.
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Analysis of Spatial Distribution of Upper Mountain Forest Belt in South
Siberia
V. I. Kharuk
V. N. Sukachev Institute of Forest SB RAS
Academgorodok 50-28
660036 Krasnoyarsk, Russian Federation.
Email: <kharuk@ksc.krasn.ru>

Abstract
Forest response to climate variables at high elevations is expected to be non-uniform because tree establishment and survival depends on availability of sheltered zones (Kullman, 2005). These sheltered (wind-protected) zones are related to non-uniformity of relief features. The last characterized by basic topo variables:
azimuth, slope steepness, and elevation. Quantitative analysis of forest spatial pattern and its climate-driven
dynamics is possible based on temporal series of vegetation maps and digital elevation model (DEM). The
main constraint is lack of inventory data, especially on remote areas. However, routine topographic maps contain basic forest characteristics. Thus, Russian topo maps show “closed stands” (crown closure ≥0.25) boundaries; sparse stands (crown closure <0.25) are marked by symbols. Earliest quality maps referred to 50th–60th
of last century. The actual forest maps could be generated based on the remotely sensed and ground truth
data.
The goal of this study was mapping and analysis of
temporal and spatial forest dynamics within upper mountain forest belt (the Sengilen Ridge, south
Siberia). The study parameters were closed stands
area with wide distribution and dynamics over the
relief features (elevation, azimuth, and slope steepness). The Sengilen ridge is a zone of dominated by
larch (Larix sibirica Ledeb.). An admixture of Siberian pine (Pinus sibirica Du Tour) is observed within
2200–2500 m belt.

to azimuth was analyzed with one degree precision.
The dominant orientation of stands was indicated by
radius-vector; this vector divided stand distribution
with  respect to azimuth into two equal parts. With
respect to elevation upper forest belt was divided into
six contour sections of 100 m within 1800 to 2400
m range). With respect to slope steepness thirty five
slope degree categories (0 ° … 35o °) were involved
into analysis. The distribution of topography elements with given altitude, azimuth and slope steepness within the analyzed area was uneven. Because
Topographic maps (scale 1:100 000, dated 1960,
this could lead to biased analyses, data were normal1983), Landsat–7 scene (2002), and data of onized using the following procedure. Forested areas
ground studies (2007) were used in the analysis. The
with given azimuth, slope steepness and elevation
total analyzed area was about 95 000 ha (or about one were referenced to the whole analyzed area with the
map sheet). Spatial forest pattern analysis was based
similar parameters:
on SRTM DEM (Shuttle Radar Topographic Mission c(i) = A c(i)-f / A c(i)-I
data format; range resolution ±90 m, vertical resolution ±15 m) (USGS 2007).  On-ground studies were
where the c(i) subscript represents the ith category
made along six elevation gradient transects oriented
of landscape feature c, Ac(i)-f is the area of the given
upward from closed stands (crown closure ≥0.25)
on-ground class within the ith category of the topoginto sparse stands (crown closure <0.25). Landsat in
raphy feature c, and Ac(i)-I is the area of the ith catthe visible range plus NIR and MIR spectral bands
egory of topography feature cover the entire analyzed
were involved into analysis. The data were processed territory.
using Erdas Imagine and Statsoft Statistica software
(StatSoft, 2003; Leica, 2005).
The data indicated that forest spatial distribution was
dependent on azimuth, elevation, and slope steep
The rate of forest line migration was estimated based ness; this pattern experienced temporal changes.
on comparison of forest boundaries on a topographic With respect to the azimuth forest, distribution is
map dated 1960 and on a Landsat-derived map from asymmetric and dependant on elevation.
2002. The stands spatial distribution with respect

Fig. 1. Study area (the Sengilen ridge) is marked by box. Inserts: A Landsat composite of the test area.
The larch “flagged” crown and stem cross-section indicate wind direction.
At low elevations, the pattern of forest orientation was northward. Minimal forest cover was observed on the southern slopes. These sunlit slopes
experienced water stress, because the study area is
an ecotone between southern border of the boreal
forest and Mongolian steppes with annual precipitation <400 mm. With an increase in elevation, forest
distribution shifted clockwise (total shift was 120º),
and became easterly oriented at the upper forest line.
These observed transformations we attributed to
wind impact, which increased with an elevational increase. Thus, azimuthal distribution of upper moun-

tain forests is governed by wind and water stress
synergy.
Decades of warming caused an increase in the forest
area; this increase was dependent on elevation and
slope steepness. The increase in the relative area of
forests was observed mostly at low, and to a lesser
extent, at higher elevations. With respect to slope
steepness, trees typically occupied slopes with low
steepness values. Notably, trees located on gentle,
wind-exposed slopes experience a high survival risk
due to wind impact. With an increase in elevation,
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forests shifted to sheltered steep wind-protected
slopes. Forests responded to warming by upward
migration with a mean rate of 1.5 m/yr. Thus, during the period 1960-2002, the forest border shifted
upward about 63 m. Climatic warming caused a
considerable increase of the forest area, about 1.5
times, during the 1960–2002 period. This increase,

along with the migration of trees, was attributed
mainly to increase in stand density. The results indicated that forest response to warming depended on
relief features, and this response during last decades
significantly modified the spatial pattern of the upper
forest belt.
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Letter to Participants at the Uppsala Joint Meeting of the CAFF Flora
Group and Circum-Boreal Vegetation Map project
Dear Participants:
Greetings from University of Alaska Fairbanks! Several of us would have liked to attend the meeting, but
other commitments and lack of travel funds kept us in the United States.
Despite our absence at this important meeting, we wish to present to the leadership of the CBVM effort a
statement of our commitment to be as fully engaged in this project as we can. It is our intent to construct a
vegetation map of the boreal forest of Alaska that is fully compatible with the methodology and legend established by the international CBVM community. We are sending a few slides prepared by Torre Jorgenson that
give the basic outline of a methodology that we are considering at this early stage of the project. We are also
committed to seeking the funds necessary to accomplish the mapping of the Alaska portion of the map.
The UAF has a keen interest in this project because of its obvious relevance to several large research projects
at the University of Alaska.  Most relevant is the Bonanza Creek Long-Term Ecological Research Program,
where research is conducted at two primary intensive research sites — the Bonanza Creek Experimental Forest and the Caribou-Poker Creek Experimental Watershed. These are the primary boreal forest research sites
of the United States. Research at these sites focuses on improving our understanding of the long-term consequences of changing climate and disturbance regimes in the boreal forest. Our overall objective is to document the major controls over forest dynamics, biogeochemistry, and disturbance and their interactions in the
face of a changing climate. The research is conducted under a cooperative agreement between the University
of Alaska and the U.S. Forest Service. Several of our researchers are engaged in efforts to model the global
consequences of changing climate to Arctic and boreal ecosystems. The CBVM would provide an international framework for much of the research conducted at Bonanza Creek.
UAF was also a major participant in the Circumpolar Arctic Vegetation Map and is actively engaged in the
ongoing International Polar Year.  It is in the interest of arctic and boreal research that there be a common
vegetation map that contains both the tundra and boreal forest regions with a legend that is understood and
accepted by the international community. We would like to ensure that the CBVM is fully compatible with
the Circumpolar Arctic Vegetation Map, and if necessary modify the CAVM so that both components can be
displayed on a single map of the northern part of the planet.
An undefined task of the mapping efforts is mapping the alpine areas contained within the boreal forest.
These complex landscapes will require new approaches for the international map, and we would like to be
involved with solving this problem.
Each country will somehow have to find funds for mapping its piece of the boreal region. We would like to
assure the CBVM organizing body that we will be actively engaged with finding the funds necessary for making the map. We help in this effort by writing proposals and seeking funds through the U.S. National Science
Foundation, the U.S. Forest Service, and other government agencies that are involved in research at Bonanza
Creek Experimental Forest and the Caribou- Poker Creek Watershed.  There will also be requirements for
synthesizing the North America and Eurasia components and the final synthesis into a single product. We
believe we can also be of assistance here because so much of our research has an international focus and relevance.
We are confident that the Uppsala meeting will be a great success and will move the CBVM closer to reality.
We wish the CBVM delegates success in the next step for producing the Circum-Boreal Vegetation Map and
look forward to reading the proceedings from the meeting.
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1.

Background

The aim of the CBVM is
to produce the first boreal vegetation map of
the entire global biome
at comparable resolution.  
This map will provide a
framework for understanding the boreal region.  This new vegetation map
is needed to provide a common legend and language
for ecosystems of the boreal region.  This map is
intended to provide a broad view and a consistent treatment of the vegetation of the entire boreal
through legend descriptions, photographs, lists of
major vegetation types and supplementary maps.  
Currently various maps exists of the boreal biome
but they do not rely on a unified international method for classifying and mapping boreal vegetation.  
Recognition of the boreal region as a single geo-ecosystem with a common set of cultural, political and
economic issues, the CBVM project will be the first
detailed vegetation map of the entire global biome.  
It will be important for impact studies on wildlife,
conservation strategies, for feedback mechanisms
in models such as increased emission of greenhouse
gases (Climate Change).  It will be a general purpose
map; a baseline used for several purposes; for example, it will be of use to the terrestrial monitoring
group as a stratification of the landscape.

2.

Introduction

The Arctic Council is a high level forum for the
cooperation, coordination and interaction between
Arctic states, indigenous communities and other
Arctic residents. Participating member states of the
Arctic Council are: Canada, Denmark, Finland,
Iceland, Norway, the Russian federation, Sweden
and the United States of America. The Conservation of Arctic Fauna and Flora (CAFF) Program of
the Arctic Council has completed the Circumpolar
Arctic Vegetation Map (CAVM) in 2003 and is now
developing a Circumboreal Vegetation Map (CBVM)
under its Circumpolar Biodiversity Monitoring Program.

The founding workshop for the CBVM project was
held in Helsinki, Finland in November 2008. At that
workshop participating countries in the boreal region, including Canada, agreed to develop a Potential
Vegetation Map of the Boreal Biome, Leadership task
teams were identified to develop an international
mapping legend and explore current information
available to expedite the mapping. Subsequent meetings have been held in Uppsala Sweden (April 2009)
and Sault Ste Marie Canada (December, 2009) to
plan work for the Eurasian and North American contribution to the international map. An international
meeting of task team leaders was held on March 1214th in Helsinki, Finland.  

3.

Objectives of Workshop

The aims of the workshop were to review progress,
approve final international legend and technical
mapping approaches and to launch pilot projects in
North America and Europe to ground test the operational feasibility of the mapping procedure before
launch the global mapping project. Canada’s contribution to this international project is supported by
the Canadian Forest Service S&T program specifically the CBVM Component of the National Forest
Information and Monitoring Project within Canada’s
Forest Ecosystems Outcome.

4.

Details of Contract with CAFF

The CBVM Task Leaders meeting in Helsinki is being sponsored by the Arctic Council, the Canadian
Forest Service and the International Arctic Science
Centre (IASC). The CAFF secretariat as an agency of
the Arctic Council has unique experience with the
organization of international meetings within the
Arctic region and can effectively deal with the different languages, currencies, administrative procedures and cultural differences of the diverse agencies
participating in the meeting.  The primary objective
of this contract is to plan, organize and report on a
meeting for the development of international mapping protocols, criteria for climatic zonation and a
global vegetation legend for forests, wetlands and
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other vegetation in the Boreal biome. This included
the following tasks conducted by the CAFF Secretariat in consultation with the CBVM Team Leaders
in organising the March 2010 workshop:
•Facilitated conference calls to plan the meeting
•Developed meeting Agenda.
•Identified and prepared Invitations for Participants.
•Arranged for facilities and logistic support for
Helsinki meeting.
•Prepared a Meeting Report for the CBVM web site
including

5.Workshop Summary

terrain unit mapping approach as an example of a
method to make the map; (6) funding; and (7) location and date of the next CBVM workshop. He emphasized the importance of this workshop in arriving
at a common internationally acceptable legend so
that the project could move ahead with the prototype
mapping exercise in the coming year and continue to
meet the schedule agreed to at the inaugural workshop.
The next meeting of the CBVM is will be with the
CAFF Flora group in Iceland January 2011 and it
would be desirable to have completed the prototype
mapping by that time. Dr. Talbot also expressed
regret that Dr. Udo Bohn would not be able to participate in this workshop due his medical condition
and expressed the hope of all the CBVM team that
Udo would have a speedy recovery and be with us in
Iceland.

Dr Heikki Toivonen, Research Director, Finnish
Environment Institute (SYKE) welcomed the CBVM
delegates and thanked them for selecting the SYKE
institute as the location for this important meeting
related to mapping the global Boreal biome. He said
that threats from climate change and human activities have increased the need to view the Boreal region
from a global perspective and develop increased scientific understanding of the distribution and threats
of component ecosystems. In particular, the CBVM
applications of remote sensing to mapping the Boreal
would provide an important benchmark for monitoring change. Due to budgetary constraints remote
sensing would be increasingly important to future
monitoring.

Presentations

Dr. Stephen Talbot, CBVM Project Lead, briefly reviewed the project development to date. The CBVM
was initiated as a CAFF project at the Faroe Islands
meeting of the Flora Working Group in 2007. The
first CBVM workshop in Helsinki in November 2008
sponsored by the Nordic Council, had established the
vision and goals for the project and team structure
needed to implement the CBVM. At the April 2009
meeting in Uppsala Sweden, Udo Bohn and Nikolai
Ermonov had tabled the Legend proposal from the
Eurasian Team and this had been reviewed by the
North American Team at their December Workshop
and subsequently developed a response for discussion at the current meeting. He stated the major objectives of the workshop, which are (1) development
of the map legend for North America and Eurasia; (2)
establishment of bioclimatic subdivisions of boreal
vegetation using a zonation approach; (3) selection of
a base map and a review of Modis images; (4) selection of areas for prototype maps; (5) the integrated

The first presentation, A North American Proposal
for CBVM Legend Development, was delivered
by Dr. Jean-Pierre Saucier on behalf of the North
American Legend Team formed at the Sault ste Marie
Workshop... The proposal presented a 4 Level Hierarchical Legend: 1. Bioclimatic Zones (North-South
Gradient), 2. Biogeographic Provinces (East-West
Gradient), 3. Plant Formations (Zonal and Azonal as
per Eurasian Proposal), 4. Plant Communities. Two
options were suggested, one as stated above and a
second where the Formations were at Level 2 and the
Biogeographic Provinces at Level 3.  Option 1 was
a logical progression from broader to more precise
units, whereas, in option 2 Formations, as the primary objective of mapping, would be given a higher
level. Both options had implications for the map appearance but would not impact the actually mapping
units at Level 3. The presentation also identified some
questions of interpretation that needed to be resolved
to get better agreement between the teams including:

Dr. Nikolai Ermanov, Eurasian Team Lead, re-iterated the need to give the highest priority to legend
discussions so that we could move forward to the
implementation of mapping. To this end he volunteered to merge his presentations placing less emphasis on material on the Eurasian legend proposal
that had already been presented at Uppsala and more
on lessons learned from recent mapping in the West
Siberian Plain.
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resolution of the definition of “Boreal” particularly,
the concept of “Hemi-boreal”; some of the formation
terminology around broadleaved forests in the boreal
and the successional status (zonal or seral) of deciduous evergreen mixtures.
In the ensuing discussion Dr. Ermanov expressed
concern that it would be impossible to develop
Biogeograpic Provinces in Eurasia without considerable more effort due to large gaps in information
and that this may unnecessarily delay the mapping
activity since knowledge of floristic distributions was
not essential to the mapping process. It was further
resolved in discussions that the use of terms such as
East and West in the formation descriptions of the
Eurasian Proposal was not intended as to be a continentality gradient. This misinterpretation was the
primary driver for the explicit representation of Biogeographic Provinces in the North American legend
proposal. Questions were raised whether a hierarchy
was needed at all since the Formation was the primary object of mapping. However, there was a general
feeling that in order to demonstrate commonalities and differences at a global scale a hierarchical
legend had some advantages. Discussion ensued on
the northern and southern limits of the Boreal and
hem-boreal Zone. Many misunderstandings were
clarified but it was felt the answer to some questions
and revision of the legend would be better addressed
following the other legend presentations.
The second presentation was by Dr. Nikolai Ermanov
on Mapping Boreal Vegetation of the Western Siberian Plain, Mapping was summarized at the 1:7.5
million scale with the CAVM boundary forming the
northern limit and the southern boundary at the
southern boreal/steppe transition. While there was
a clear north to south gradient (Arctic, subarctic,
northern boreal, middle boreal and southern boreal),
northern formations could be found in the southern
zone and southern formations in the northern due to
the penetration of floodplains and the occurrence of
peatland formations.
The hemiboreal zone is clearly distinguished by species of Quercus and not included. There is also a distinct southern deflection of the northern zone across
the east to west continentality gradient. Dr. Ermanov
emphasized that because the formations did not follow distinct North- South and East –West gradients
because of moderating environmental conditions it
would be very difficult to construct a hierarchy that
would be spatially distinct and consequently there

would be considerable redundancy of Formations
at higher levels. For this reason the legend should
reflect the Formations and component alliance and
association subdivisions.
The third presentation Comments on the bioclimatic
divisions and proposed legend of the Circumboreal
Vegetation Map was delivered by Dr. Teuvo Ahti. Dr.
Ahti expressed considerable concern with the inconsistency in approach between Eurasia and North
America by traditional boreal maps particularly
with respect to the hemiboreal. While his personal
preference would be to include the hemiboreal in
North America, he realized this was a minority view.
However,  he strongly recommended that the zone be
shown even if not mapped with a brief explanation of
its historical context. He pointed in particular to the
exclusion of forests dominated by Picea sitchensis (a
conifer) on the west coast as an example of inconsistent logic. Similarly, he questioned the inclusion the
inclusion of oceanic heaths on the east coast of North
America but not on the west coast.
A second important point of concern was inconsistency in botanical nomenclature at all levels being
used by different countries throughout the boreal
zone. He provided many examples where synonymy
needed to be clarified and updated to reflect current treatments. In some cases the use of botanical
names sensu latu is obscuring true appreciation of
real ecological differences. He noted the problems
associated with putting good language and logic
in legend development, particularly the nuances of
translation between different languages and strong
regional traditions that resisted new terminology.
However, he stressed the importance of finding new
and consistent approaches for enhanced communication and scientific understanding at the global level.
While trees and forests are a dominant feature of
boreal landscapes, preoccupation with the tree layer
can lead to missing very important ecological signals
provided by understory plants and other habitats
such as heathlands and peatlands. He expressed
doubt that terms such light and dark coniferous did
not convey much ecological understanding and relative canopy opening may provide a good indicator of
north-south climatic gradient. In the ensuing discussion many agreed that while there was concurrence
on the existence of the boreal as a distinct biome
its exact definition and delineation continued to be
elusive. Altitudinal variations, inconsistent interpretation of species distributions and climatic data and
complexity of the environmental gradients in places
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like the Korean Peninsula all create challenges to a
universal definition. Some felt that the temperate coniferous forests in western North America should be
excluded from the boreal zone because of the warmer
climatic regime, dominance of more southern species
and longstanding ecological treatments in the region
which have treated the forests of this area as distinct
temperate ecosystems.
Dr. Pavel Krestov ‘s presentation,  Some ideas on bioclimatic subdivision of boreal vegetation provided an
application of the Bioclimatic indices developed by
Rivas-Martinez (1960-1980) and Kira to the  eastern
Asia including the Korean Peninsula, Kamchatka and
adjacent Ombro islands. Indices included: Ic Continentality; Io Ombrotrophic; It Thermicity; Ioe Evapotranspiration; Wk Kira’s Warmth; Ck Kira’s Cold. He
concluded that there is no one index that can cover
vegetation differences and vastly different vegetation
types can occur in the same type. Sometimes local
climatic factors that are outside the indices used may
have an overriding influence on vegetation development. Snow cover is a good example, too much can
shorten the growth season and too little can cause
moisture deficits. Therefore, in making correlations
between climate and vegetation zonation, it is critical
to have a good sense of what the zonal conditions are.
He then proceeded to demonstrate an approach he
used to establish zonal ecosystems based on correlation of climatic indices and vegetation. Essentially,
vegetation units and climatic stations are filtered
using edaphic factors so that both the vegetation
classification units and the climatic data were coming
from zonal sites. Although filtering provides a better
agreement between climate and vegetation zonation,
there are still anomalies created by vegetation history
and different lags in migration rates.
Dr. Daniel Sanchez-Mata’s presentation, Bioclimatic
Delineation of the Boreal Biome was a direct response to discussions at the CBVM North American
(December 2009) where participants pointed to the
need for some consistent definition of Boreal. The
presentation summarized the dossier prepared for
CBVM by Dr, Sanchez-Mata in advance of this workshop. Using climatic data the boreal macroclimate
can be defined as follows:
-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).
Bioclimatic Zones are always based on the combination of the Thermic, Ombric and Continentality Indices. Detailed definitions of the macroclimatic zones
and bioclimatic zones using climatic parameters were
provided as well as examples from selected meteorological stations in the boreal. Maps were also provided showing continentality, thermotypes, ombrotypes
and bioclimates for the Arctic zone, North America
and Asia. A listing of existing phytosociological vegetation units at the class and alliance level for North
America defined by the Braun-Blanquet method was
also provided. There was general endorsement by
the meeting for the “Bioclimatic” approach in that
it provided a consistent and verifiable way to handle
climatic zonation at the international level. While
complete correlation between climate and vegetation
could never be realized, the maps provided by Dr.
Sanchez-Mata provided a valuable contribution in
showing the overall trends at the global level.
David Selkowitz’s presentation, Selection of base
map: Review of Modis images, updated participants
on progress made on the development of a CBVM
based on the Modis satellite imagery. Following the
recommendation of the North American workshop
to use the NRCan-CCRS database published in the
Journal of Remote Sensing, the image files were
obtained from Dr. Alex Trischenko (CCRS) and the
2008 late summer with 250 m resolution was selected
for the base map. He also gave a brief overview of
the pros and cons of other satellite image products
and the different band that could be extracted if
needed for the CBVM project. Color mosaics for
North America and Eurasia at a scale of 1:4 million
had been prepared for this workshop with overlays of
the northern and southern boundaries of the Boreal
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provided by Dr. Ermanov for Eurasia and Dr. Brandt
for North America. Each mosaic was provided in
the 2-1-4 and 7-2-1 bands to demonstrate the different levels of contrast that might be useful for
separating different vegetation types. He indicated
that once prototype test areas had been selected he
could forward copies of the files to various regional
teams doing the mapping. Feedback from meeting
participants was very positive and there was general
agreement that the CBVM was now well positioned
to move forward with prototype mapping.
Dr. Skip Walker’s presentation, The CAVM integrated
terrain unit mapping approach, described the method used to develop a consistent approach for polygon
delineation in the CAVM map. To avoid inconsistency in the legend, because of regional traditions in
terminology, the larger divisions in the legend were
labelled A-E. Many source maps were used to construct polygons and many of the source maps such
soils and geology had to be simplified to be meaningful for interpretation of vegetation patterns. Also, at
least in northern Alaska, attribute files were established for the polygons to make the map more useful.
Using GIS, various thematic maps could be generated
and overlaid to increase understanding of relations
between vegetation patterns and physiographic, soil,
climate, etc.  Dr. Walker recommended that with respect to legend development, the CBVM should use
plant functional types (Cramer or Elgin Box), and he
tabled a suggested framework for level 2 for consideration by the CBVM Legend Committee.

The presentation of Dr. Udo Bohn, Selection of
Proto-Type Area for CBVM mapping, could not
be delivered due to his absence from the meeting
for medical reasons. Therefore, representatives of
the various teams present used the satellite mosaic
provided by David Selkowitz to choose areas of about
300 km2 that provided a good cross-section of the
legend types. Prototype mapping areas were identified for the Western Siberian Plain, the Korean Peninsula/ Kamchatka, Alaska, western Canada, Ontario
and Quebec. David Selkowitz will prepare separate
Modis files for each area and forward to regional map
teams within a few weeks. Map teams will initiate
mapping of the prototype areas as soon the legend
team provides the draft CBVM Legend around mid
June 2010.

Summary of Legend Discussions

It was resolved that the hierarchical legend proposed
by the North American Team could not be applied
globally throughout the circumboreal zone and the
discussion moved forward to find a legend compromise. The proposal to move directly to the formation
and sub-formation levels as outlined in the 2009
Eurasian proposal was considered, but it was argued
that this would not fulfill an important CBVM objective of identifying where there were commonalities of
vegetation structure and composition. It was, therefore, agreed that a hierarchical approach to the legend
should be pursued. A draft hierarchy was developed
and it was agreed that the legend team should refine
The final presentation by Martha Raynolds, Fitting
the draft and seek the appropriate terminology that
the pieces together Using a Common Legend, Experi- could be broadly understood on a global basis. The
ence from the Circumpolar Arctic Vegetation Map,
composition of the legend team formed at the 2007
described in some detail the process needed to arrive CBVM workshop was reviewed. It was decided that
at a common map legend and the attribute files need- Torre Jorgensen should be added to the team. There
ed for a consistent international map. In the CAVM
was also discussion of the attribute data that should
project many of the maps came in from regional
be associated with each map polygon. The listing
mapping groups and the first task was developing
developed in the discussion will be reviewed by the
a common legend and associated conventions for
legend team and a final draft will be tested in the propolygon descriptions. This was followed by a process totype  mapping exercise to see which attributes are
of developing the attribute files and where possible
feasible and necessary. It was agreed in order for the
populating them from other consistent global sources mapping teams to complete their work for the Janufor topography, climate data etc. Unfortunately, for
ary CAFF meeting in Iceland, the legend team should
most parameters there was a large inconsistency in
complete their task by June 10, 2010.
the availability of data and, where available, much
of the data had to be inputed by hand using expert
interpretation. She recommended that the CBVM
6. Progress and actions
try and get universal acceptance of both the legend
•There was general agreement as to the level of detail
structure and polygon attributes before moving to
that would be mapped, with units described by
operational mapping at a global level.
plant communities.
•There was general agreement on a preference for a
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hierarchical legend based on vegetation characteristics, avoiding climatic or geographic categories.
•There was general agreement to exclude the hemiboreal southern transition area between the boreal
and the temperate regions.
•There is enough agreement as to the level of mapping that researchers will begin to map prototype
areas in Eurasia and North America, for presentation at a meeting in one year.
•This meeting will possibly be organized to coincide with the next CAFF meeting in early 2011 in
Akureyri.

7. Agenda

legends for the Circumboreal Vegetation Map
•Pavel Krestov, Russian Federation Some ideas on
bioclimatic subdivisions of boreal vegetation
•Daniel Sanchez-Mata, Spain  
delimitation of the ‘boreal biome’

•Stephen Talbot, USA Group discussion of zonation
approach
•David Selkowitz, USA  Selection of the base map:
Review of Modis images

See Annex I

•All Discussion of legend updates
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See Annex II.
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I. Introduction
The Circumboreal Vegetation Mapping CBVM) Project was initiated following an exploratory meeting at the
Arctic Council’s Conservation of Arctic Fauna and Flora (CAFF) , Flora Working Group meeting Torshaven,
Faeroe Islands in May 2007. The scope of the project, objectives, current state of vegetation mapping in the
circumboreal biome, initial planning and governance structure were further elaborated at the first CBVM
Workshop in Helsinki, November 2008.  At the April 2009 CAFF meeting in Uppsala, Sweden, a proposal for
the principles and framework for an international vegetation mapping legend for the Boreal was presented by
Dr. Udo Bonn and Dr Nicolai Errmakov. This proposal was based primarily on the rich vegetation mapping
legacy in Eurasia and required a response as to whether a similar and consistent approach could be applied to
North America.. While this was the primary driver for the CBVM North American Workshop, several other
important issues needed to be addressed at a continental level;
•
•
•
•

Promoting a close working relation between the Canadian and Alaskan teams to ensure a harmonized
map ping approach for North America.
Identifying the opportunities that may exist from previous North American vegetation/terrain mapping
and challenges arising from information gaps.
Identifying potential participants and opportunities for future funding.
Developing common strategy for integrating climate, terrain and vegetation mapping based on previous
experience.
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•
•

Defining the extent of boreal zone in North America and issues of harmonization of shared boundaries
with CAVM.
Developing a common approach to regional and sub regional climatic zonation
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Lunch Break
1:00 - 1:30

II. Workshop Agenda

Potential approach for ecological subdivision of the Boreal by integrating climate and
phytosociological point data. Denys Yemshanov, Canadian Forest Service and Bill Har
grove, United States Department Agriculture

Session 3
Workshop Goal

1:30-5:15

Vegetation Mapping in North America

To develop a plan for the delivery of the North American component of the Circum Boreal Vegetation Mapping (CBVM) project, including a consistent approach to mapping legend, map scale, data sources, critical
tasks, expertise, financial resources, governance and timing of delivery .

1:30-2:00

Vegetation Mapping in Boreal Alaska. Stephen Talbot, U.S. Fish and Wildlife,
Anchorage, Alaska

December 1, 2010

2:00-2:30

The integrated mapping approach used in mapping the Arctic tundra biome. D.A.
Walker, Alaska Geobotany Center, Institute of Arctic Biology, University of Alaska,
Fiarbanks
Preliminary approach to integrated-terrain-unit classification and mapping of boreal
ecosystems in Alaska. Torre Jorgenson, Alaska .Ecoscience, Fairbanks, Alaska.  

Session 1  
8:30-9:15

Introduction

2:30-3:00

8:30-8:40

Welcome to Great Lakes Forestry Centre. Dr. David Nanang, Director, Forest Ecology,
Great Lakes Forestry Centre, Canadian Forest Service.

Health Break

8:40- 9:00

Workshop Facilitation Overview. Steve Dominy and Rian Schwarz, Canadian Forest
Service

3:15-3:45

Vegetation Mapping in British Columbia. Del Meidinger, Meidinger Ecological Con
sultants Ltd. and Will MacKenzie, BC Ministry of Forests and Range.

9:00-9:15

Background and Recent History of CBVM. Stephen Talbot, International Team Lead,
CBVM Project .

3:45- 4:15

Vegetation Mapping in Quebec. Andre Robitialle and J-P. Saucier, Ministère des Res
sources naturelles et de la Faune, Québec

4:15- 4:45

Satellite Mapping of Vegetation in Ontario. Peter Uhlig, Ontario Ministry of Natural
Resources

4:45 - 5:15

Application of MODIS coverage for CBVM mapping. David Selkowitz, U.S. Geological
Survey, Anchorage, Alaska

5:15-5:45

Marrying Top Down and Bottom Up - Predictive Ecosystem Mapping to Delineate
Ter restrial Ecotypes in 3 Arctic National Parks. Donald McLennan, Parks Canada

Session 2
9:15 -12:00

Zonation and Map Legend Development

This session will review issues related to the definition of the boreal zone in North America,
potential for improved delineation of bioclimates to support potential natural vegetation mapping and
proposals for legend development both in Eurasia and North America.
9:15-9:45
9:45-10:15

Review of European Proposal for CBVM legend.  Jean-Pierre Saucier, Ministère des
Ressources naturelles et de la Faune, Québec.
Potential Application of CNVC to CBVM legend development for Canada. Del Mei
dinger, Meidinger Ecological Consultants Ltd. and  Ken Baldwin, Canadian Forest
Service.

Health Break
10:30-11:00

Biogeoclimatic Framework for the CBVM Project. Daniel Sanchez-Mata and Salvador
Rivas-Martinez, Complutense University and Research Center, Madrid, Spain

11:00-11:30

Critical Issues in the Delineation of Northern and Southern Limits of the Boreal in
North America . James Brandt, Canadian Forest Service
Challenges and Opportunities in Climatic Zonation in Boreal North America          
Dan McKenney, Canadian Forest Service

11:30- 12:00

December 2, 2010
Session 4
8:30-12:00

Mapping Approach for North America

8:30 - 9:00

Map Purpose

9:00- 10:15

Vegetation - Map Legend and Classification

Health Break
10:15 - 11:15 Climate Zonation and Modeling
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11:15 - 12:00 Terrain Mapping and Component Layers
LUNCH
Session 5
1:00-2:30

Organization and Resourcing

Session 6
2:30-3:00

Review of Actions and Next Steps

III. Presentations
Workshop presentations in PDF format have been posted on the CBVM home page www.cbvm.org
under  the heading North American Meeting 2009.
IV. Summary of Discussions

Map Purpose
It was generally agreed that a potential vegetation
map of the boreal biome developed with an inter
nationally standardized legend and approach would
have multiple applications to current and future
global issues. While there is general agreement on
the definition and extent of the boreal biome
there still remains significant exceptions particularly
on the application to the consistent definition
southern boundary with the temperate zone. The
CBVM will make an important scientific contribution by developing standard terminology and common definition of the Boreal. Currently, there a
numerous vegetation maps or “ecosystems” maps at
the regional and subregional level of the circum
boreal zone,  some at very detailed scale, used to support resource management and land-use decisions at
the national, state or provincial level. However, these
products have limited value for global assessment
or reporting on Global Change and Biodiversity
conservation particularly when criteria of unique
or representativeness are applied to protected areas
globally. For example, the uniqueness of Wet Sedge
Tundra was only appreciated upon completion of the
Circumpolar Vegetation Map.
The development of a Potential Vegetation Map requires knowledge of how climate, terrain and
vegetation are integrated which is also critical to
understanding how climate change may impact the

future vegetation patterns in boreal zone.
The CBVM will provide a benchmark of the zonal
vegetation circa 2000 that can support future
monitoring and modelling to support adaptation to
climate change. Also, the application of vegetation
classification systems to the map legend provides
essential linkage to a rich source of information on
the structure, floristic composition and abundance of
vegetation. Land Cover maps developed from satellite imagery provide an important global “snapshot”
of vegetation cover at a point in time and are very
useful for monitoring broad changes in global vegetation patterns. However, the resolution is coarse
and often very different vegetation types because of
similar reflectance may be represented as a single
type. Also, because the Land Cover maps rarely
incorporate vegetation classifications and the relationship between vegetation types with environmental variables, there is no appreciation of the dynamic
relationship in terms of what are disturbance types
and what are relatively stable types for a given combination of climate and terrain conditions. This point
is particularly important for local to global resource
management where concepts such as the ‘Ecosystem
Approach” and “Emulating Nature” require capacity
to forecast vegetation change relative to natural patterns and processes.
Finally, since vegetation forms the physical and
biological habitat for most organisms the mapping of
vegetation and understanding of vegetation develop-
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ment is pre-requisite to the conservation of faunal
biodiversity. The CBVM and CAVM will be very useful in the modeling of vegetation migration patterns
and associated changes in faunal habitat associated
with climate change in the northern hemisphere.

mapping could be undertaken at a more detailed
scale for regional applications and scaled up for the
international map. It was also pointed out that in the
CAVM map, the margins and reverse side of the map
were used to highlight special features in more detail.

Some concern was expressed for the utility of a
mapping at such a coarse scale (1:7.5 million) as
proposed by the CBVM project. Polygons will tend
to be very heterogeneous and some azonal features
such as floodplains, peatlands and heaths that are
very rich in vegetation diversity may be totally lost
in the depiction of zonal types. There was general
agreement that, given the resolution of the MODIS,

The CBVM and CAVM products will provide a very
timely teaching tools particularly for showing the
potential impacts of climate change on the vegetation
of the northern hemisphere. Students will be able to
readily compare local vegetation with that of other
regions and appreciate the ecologically reasons for
the similarities and differences due to climate and
geology at a global scale.
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Vegetation - Map Legend and Classification
The discussion focussed on the development of the CBVM legend in response to the proposal presented by
Nikolai Ermanov and Udo Bohn at the CBVM discussions at the CAFF meetings in Uppsala, April 2009.
Jean-Pierre Saucier’s presentation on Day 1 had reviewed the Eurasian proposal and pointed out some inconsistencies between the proposed hierarchy and the examples that were used for illustration. Generally, it
was accepted that the Eurasian model was a good starting point but there was still a need for discussion with
Nikolai and Udo to clarify some of the specifics and the order of things in the hierarchy. The discussion then
moved forward to how the hierarchy could be developed and applied for North America.  
There was a general consensus that Bioclimatic zonation should be at the highest level of the hierarchy because this was the most important ecological driver at a global scale with a universal north to south gradient.
The proposed hierarchy is as follows:
Conceptual Hierarchy
Level 1 Bioclimatic Zone       ( North-South )
Level 2 Floristic Realm

( West-East )

Level 3 Formation

Zonal A-I (Nicolai & Udo)
Azonal K-M

Physiognomy
(Nicolai  &Udo)

Level 4 Dominant Species
There was some discussion of the important azonal conditions that existed in North America
and this will require further refinement at a later date. Some other important points of discussion included:
•

•

•

Vegetation classifications can be linked to vegetation map legend at varies levels of the hierarchy
as identified in the presentation of Meidinger and
Baldwin’s presentation on Day 1. We will need
to establish similar relationships with existing
vegetation classification s in Alaska.
Peatlands are an important and often dominant
component of the Boreal landscape and although
they are generally azonal they should be an
important component of the CBVM. To meet
overall objectives. It will be important to develop
a consistent rules -based mapping approach as
identified in the Robitaille & Saucier presentation
on Day 1.
It will be challenging to develop a concept of
zonal vegetation and delineate polygons at a
scale of 1:7.5 million integrating climate and terrain features. We will probably need to do some
regional pilots to check the feasibility of applying
the legend.( Note: At the meeting it was suggested that these pilots would be undertaken in February 2010 to prepare for the Helsinki meeting.
We later concluded that it did not make sense to

•

•

do pilots until we had general agreement on approach from the March 2010 CBVM workshop).
We will need to look closely at approach used
for the CAVM and what is proposed for CBVM
to ensure consistency. Otherwise, there may be
problems where boundaries of the 2 maps meet
there may have to be adjustments to CAVM if
boundaries do not agree.
There is still a concern that at Level 3 Formation
physiognomic and physiographic criteria can be
mixed and the differentiation of zonal and azonal
will be confusing. The Legend Subgroup will
need to clarify the distinction.

The discussion concluded with the formation of
a subgroup to flesh out the Conceptual Hierarchy
in more detail and identify where the similarities
and difference were with respect to the proposal by
Nikolai and Udo. This should be completed in time
to present at the mid-March International CBVM
Workshop in Helsinki. The subgroup will circulate
the proposal to all participants for comment. The
composition of the Legend subgroup was as follows:
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Ken Baldwin (Coordinator)
Jean-Pierre Saucier
Torre Jorgensen
Peter Uhlig
Will MacKenzie
Bill Meades

Climate Zonation and Modeling
The role of climate in the definition of the northern
and southern limits of the Boreal are still considered
to be a challenge in North America. Fortunately, a recent updated map of the Boreal based on a thorough
review of conventional treatments in North America
has been published (Brandt, 2008). As demonstrated
in Brandt’s Day 1 presentation; Critical Issues in the
Delineation of Northern and Southern Limits of the
Boreal in North America there is generally good
agreement between the northern Boreal boundary
and the CAVM southern boundary with the exception of northern Ungava Peninsula. Brandt’s revised
map used correlations with elevations and existing
DEMs to fine tune the extant treeline and there seems
to be good agreement with recent satellite imagery. It
was noted that climatic data is changing more rapidly
then vegetation and there will be some lag time, so
the relation between the extant treeline and potential
climatic treeline must be considered dynamic.
However, the southern boundary and western
boundaries of the Boreal in North America are more
problematic because of the transition to temperate
forests and the concept of “hemi-boreal”. Considerable discussion ensued on the best approach for the
CBVM to use in dealing with this complexity. The
presentation by Dr. Daniel Sanchez-Mata on Day 1,
Biogeoclimatic Framework for the CBVM Project
provided an over view of the diversity of treatments
that have been used for climatic zonation in North
America and the need for CBVM to come up with
a consistent international approach based on objective assessment of climatic data. Most recently the
USGS report; A New Map of Standardized Terrestrial
Ecosystems of the Conterminous United States (
Sayre et al. 2009), Dr Sanchez’ colleagues have demonstrated a methodology for using climatic data to
define bioclimatic zones (Rivas-Martinez and Rivas
y Sáenz 2009). Within North America, extending the
approach to the northern part of the continent would
be of considerable advantage and help clarify the
boundary between Boreal and Temperate. For North
America, the 30 year period 1960 - 1990 provided the

best time frame for climatic analysis because this was
the period when the greatest number of stations were
operational. This also coincides with the period when
most of the plot data for Canadian vegetation classifications were collected.
There was considerable resistance to using only
climatic data to define the Boreal zone. In many
instances in the north because of the scarcity of
meteorological stations there are large areas where
the vegetation may give a better indication of climatic
thresholds. Also, because the CBVM primary objective is to develop a map based on  “Potential Natural Vegetation” the concept of zonal vegetation and
climate are intricately mixed and, therefore, it would
probably be best to use climatic modeling complemented  by regional expert opinion for final boundary placement. There was also general agreement that
there needed to a more consistent and less subjective
definition of “Borealness” at the international level.
The Day 1 presentation by Dr. Denys Yemshanov,
“Potential approach for ecological subdivision of the
Boreal by integrating climate and phytosociological
point data” may provide a practical and consistent
method to address the  issue of the southern boundary of the boreal zone.
There was general agreement that the CBVM Biogeoclimatic Team needed to make a proposal to other
CBVM teams concerning the best climatic indices
to use for defining the Boreal region and subregions,
how such products might be developed and who
might be available to do the work. Dr.Sanchez-Mata
( Biogeoclimatic Team Lead) committed to prepare a
report for discussion with team members and share
the results of discussion with CBVM colleagues.

Terrain Mapping and Component Layers
The discussion focussed on what supplementary
map layers were needed to define mapping polygons
for Potential Vegetation Mapping. The Day 1 presentations by Skip Walker “The integrated mapping
approach used in mapping the Arctic tundra biome”
provided an overview of the multi-layer approach
used for the CAVM. This methodology has been
published (Walker 1999). The regional presentations
in Session 3, Day 1 had given current overview of
land classification and mapping activities in Alaska,
British Columbia, Quebec, Ontario and National
Parks in Canada. For the most part these presentations highlighted considerable data and methodology
development at the regional and local scale. However,
vegetation map products at the continental and na-
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tional scale using a consistent approach in the Boreal
are generally lacking.
There was general agreement based on Dave Selkowitz’s Day 1 presentation, “Application of MODIS
coverage for CBVM mapping” that the CCRS MODIS
data set should be used as the base map for CBVM
because of its 250 m resolution with polar view and
Lambert projection.. Other projections could be
used for regional work but this would provide the
best global image. A global DEM overlay was probably possible using ASTER (60m contour) with some
work. There is a Surficial Geology Map of Canada
that could cover a large portion of the ttCanadian
component of the Boreal and there is a national soil
data base (CANSIS). Generally, the meteorological
data for North America is readily available for the
development of bioclimatic zonation once we agree
on what parameters should be used to define the
isoclines.
The following layers were considered necessary to
develop the CBVM polygons:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Global DEMs
Bioclimatic zonation/data
Surficial Geology
Surficial Deposits
Zonal Classifications (existing)
Type of Relief (in DEM)
Altitude (in DEM
Moisture Index (Radarsat ?)
Floristic Regions
MoDIS Image Data
North American Land Cover

There was also general agreement that a consistent
process was needed with common rules to guide
the overlay process leading to the definition of the
CBVM polygon. This could be challenging because of
the variability in the quality of data across the continent and the coarse scale (4-7.5 million) that would
be difficult to apply in heterogeneous. Finer scale
maps, where available, should be used for polygon
development. Developing a consistent mapping
methodology should be an important component of  
Pilot Mapping projects proposed under the Vegetation mapping discussions. The rolling up process
from finer to coarser scales will probably require a
combination of  mechanical “rules” guided by expert
opinion since the separation of zonal and azonal
vegetation will be more problematic as the resolution
gets coarser.

It was agreed that we should use Regional Teams
and the MODIS basemap to implement pilot testing of the Legend when it was completed. Initially, it
was thought that this might be accomplished before
the Helsinki meeting, but later agreed that it would
make more sense to wait until there was international
agreement on a common approach. It was agreed that
the regional teams should follow a common legend
hierarchy but the polygon delineation might vary
depending on the availability and quality of terrain
information. For example, it was pointed out that in
the southern part of Quebec the polygon definition
could be easily applied based on existing maps but
in the north mapping is only starting and a different
approach might be required. The Pilot areas should
be about 300kmX 300km and cover as wide a diversity of climate, terrain and vegetation conditions as
possible. The report back from Pilot Teams should
identify problems in application of the legend and the
application of the Zonal concept. This would lead to
appropriate fine tuning of the Legend before global
application. The following Regional Pilot Teams were
identified:
1.  BC / Western Canada -Will MacKenzie and Del    
     Meidinger
2.  Alaska -Torre Jorgensen (others to be contacted)
3.  Québec -Jean Pierre Saucier and André Robitaille
4.  Ontario -Peter Uhlig and Ken Baldwin (Possibly
Others)
V. Organization and Resourcing
A round table discussion was used to determine what
participants would be willing to bring to the CBVM
project with the understanding that most would have
to seek the approval of their home agencies before
making a formal commitment. The following is a
summary of the response:
Dave Selkowitz -coordination of imagery with CCRS
for base maps and overlays and making it available
for participants; technical support for with base map
development and answering technical questions;
develop base maps soon for pilot studies.
Stephen Talbot - letting folks at the admin level know
progress on CBVM ; CAFF meeting in Copenhagen
early March; myself or Daniel Sanchez could brief
IAVS meeting in Ensenada this spring; organize
CBVM leaders meeting Helsinki mid- March.
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Daniel Sanchez develop a report on boundaries -basic model that adjustments can be made to.

Del; help develop floral domains for legend; seek assistance from BCMOF GIS staff in pilot mapping.

Peter Uhlig - will talk to GIS group at OMNR to
make data available and get some analysts time for
pilots; participate in legend subgroup discussions;
regional pilot for Ontario.

VI. Summary and Conclusions

Torre Jorgensen -regional pilot for Alaska; involves
restricted legend and line work; shop proposal to
regional agencies to get funding.
Dan McKenney -can provide climate data for north
America; help James Brandt with climatic zonation
criteria in literature; cross border work with Torre
Jorgensen; follow up with Donald, Ken, Torre on
plant location data for climate grids.
Del Meidinger -work on the vegetation component
through the CNVC; work with Will Mackenzie on
the BC pilot.
Ken Baldwin coordinate mapping legend subgroup
for North America; participate in Ontario regional
mapping pilot; primary liaison   between CNVC and
CBVM; provide information to annotate vegetation
classes.
Andre Robaitaille -participate in regional mapping
pilot for Quebec.
Jean-Pierre Saucier -provide support for the map legend and liaison with international group; help Andre
with pilot in Quebec
Donald MacLennan - can work with Bill Meades on
NL pilot and with Dave Selkowitz on MODI derivatives; convey links and applications to Parks and
conservation. CAVM and CBVM cover 2/3 of parks
and protected areas.
James Brandt  - can offer digital data sets from his
map ( including some Eurasian data sets); can advise
based on experience with North American treatments of the Boreal and to some extent Eurasia;
provide liaison with CFS HQ and identify funding
opportunities.
Skip Walker - will attend Helsinki meeting and work
with others to find funding opportunities.
Will MacKenzie - participate in Western pilot with

It was agreed that all presentations from Day 1 will
be sent to Tom Barry for immediate posting on the
CBVM web site. A summary of the meetings Day 2
discussion will be prepared and posted later. We need
to think ahead to getting funding support for mapping once the international agreement on climatic
zonation, vegetation legend and mapping process are
completed. Skip Walker noted that in the CAVM project a scientific paper that reviewed current methods
and identified gaps was very useful in approaching
funding agencies. We should also pull together the
MODIS base map and selected overlays that will help
guide future discussion and mapping. David Selkowitz will move ahead on obtaining the CCRS MODIS
files and what other digital overlays that are readily
available in preparation for the Helsinki meeting in
March. This will be very useful for the selection of
pilot sites. The legacy of vegetation mapping in North
Ken Baldwin
Forest Ecologist  
Natural Resources Canada, Canadian Forest Service
Great Lakes Forestry Centre
1219 Queen St. E.
Sault Ste. Marie, ON    P6A 2E5
Canada
Dr. James Brandt
Science Advisor - Forest Health, Forest Science Division
Canadian Forest Service, Natural Resources Canada  
Sir William Logan Building, 12th Floor, Office C1-1
Ottawa, ON, Canada, K1A 0E4
Torre Jorgenson
Senior Scientist
ABR, Inc.
PO Box 80410
Fairbanks, AK  99708
Will MacKenzie R.P. Bio.
Research Ecologist
Research Branch
British Columbia Ministry of Forests and Range
Dr. Daniel McKenney
Landscape Analysis Project
Natural Resources Canada, Canadian Forest Service
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America is not as rich as in Eurasia and the approaches have been different from Europe, but also,
vary considerably regionally across the North American continent. While this presents some significant
challenges the need for a global map of vegetation in

the Boreal biome, advances in knowledge and technology and the spirit of scientific collaboration that
has been established at this workshop ensures that
the CBVM project vision can be realized.
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Current Work on Svalbardflora.net and Redlisted Species in Svalbard
Inger Greve Alsos
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NO-9171 Longyearbyen, Norway
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Svalbardflora.net
This web flora presents all 165 native species in
Svalbard including subspecies as well as stable introduced species. Each species is presented with a distribution map, data on total distribution area, pollination mode, reproduction mode, and ploidy level. We
put considerable emphasize on high quality photos
of all species. The majority of species are presented
with one close up of the inflorescence, one showing
the whole plant, and one showing the plant and some
of the surrounding habitat. With time, also a description of the species will be included (Fig. 1).
The work on this web flora started in spring 2007.
Prior to that, the collections of Svalbard vascular
plants at Norwegian herbaria had been revised and
digitized. We prepared distribution maps based on
the herbarium collections. By presenting them on
the web page, we want both to inform people about
species distribution in Svalbard and stimulate people
to report new locations of the species. We regularly
receive reports from people, and even a new location
of a redlisted species has been reported.
The majority of the photos have been taken for the
purpose of this flora. We try to show the key characteristics of the species. There is also a function to
compare the photos of two or three species to aid
identification of species. Interactive keys will be
added to the flora. This requires a special design as
we want to utilize the fact that this is a web flora and
there is no need to make the key dichotomous. Also,
the photos will play a central role in the key.
So far, more than 65.000 people have visited the flora.
We are grateful to Svalbard Environmental Fund for
provided financial support for both field work and
for Sandbakk to work on the flora.

Red Listed Species in Svalbard
The proportion of redlisted vascular plant species in
Svalbard is high with 51 (54 including subspecies)
out of 165 species on the red list. Seventeen taxa are
critically endangered (CR), nine endangered (EN),
11 vulnerable (VU) and 15 near threatened (NT). For
two taxa, there is data deficit (Table 1). Up to now,
there has been no monitoring of redlisted species. A
high percentage of the populations are within nature
reserves. However, this does not protect them neither
to the increasing numbers of tourist landing in Svalbard (Fig. 2) nor the climate change induced changes
to their habitats.
Most records of redlisted species were done before
GPS was generally used and the exact location of
most populations are not known. Without knowledge on the exact location, we have no tool to lead
the visitors away from the rare species and the species are thus at risk of being trampled down.
A high proportion of the redlisted species are relatively warmth demanding in Svalbard. They may represent fragmented relict populations from the Holocene hypsithermal 8000-4000 before present, when it
was 1-2 degree warmer in Svalbard than today (Birks
et al. 1994, Alsos et al. 2002, 2007). If they have viable
populations with a sustainable level of genetic diversity as e.g. found in Betula nana ssp. tundrarum (Alsos et al. 2002, 2003), we may expect then to increase
their population sizes and distribution in Svalbard in
response to climate change. However, if they consist
of only a few clones and have no sexual reproduction
as found in Vaccinium uliginosum ssp. microphyllum
(Alsos et al. 2002, 2003, Eidesen et al. 2007), they will
be at risk due to stochastic events even if the climate
becomes more favorable to them.
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There are also some high arctic species redlisted in
Svalbard. Some of these are only found as scattered
throughout their distribution range. As they are not
found in more southern bioclimatic zones, we assume that they have low competitive abilities and
thus are threatened by climate change.
For some species, the taxonomy needs to be investigated. This regards e.g. the Svalbard endemic Puccinellia svalbardensis (Rønnnig 1961, 1996; Elven &
Elvebakk 1996, PAF 2009), which is only found on
a few locations in Svalbard. Also the taxonomy of
other Puccinellia species needs further investigations
(P. phryganodes ssp. neoarctica, P. palibinii, and P.
nutkaensis).

Genetic Studies of Eight Red Listed Species
at the Hot Springs in Bockfjorden
In a small area around the hot springs Trollkjeldene
at Bockfjorden (Fig. 3) we find the highest concentration of redlisted species in Svalbard with five
critically endangered species, one endangered, one
vulnerable and one near threatened species (Table 1).
Four of them, Botrychium lunaria, Carex capillaris,
Puccinellia palibinii and Sibbaldia procumbens, have
their only locations in Svalbard at the hot springs.
In this project we will estimate current population
sizes to provide a basis for future estimates of changes in population sizes. We will also investigate levels
of genetic diversity and compare genetic diversity
in Svalbard populations with reference populations
from Norway, and possible Greenland and Russia.
Based on these data we will evaluate if the Svalbard
populations are viable or threatened by inbreeding
depressions and/or lack of reproduction, and if the
Svalbard populations are genetic distinct from populations in other regions where the species are more
common. The project is supported by Svalbard’s
environmental protection fund.

Monitoring Five Warmth Demanding Species in Colesdalen
In the southfacing slope of Colesdalen valley, four
relatively warmth demanding redlisted species are
found: Vaccinium uliginosum ssp. microphyllum,
Betula nana ssp. tundrarum, Campanula rotundifolia
ssp. gieseckiana, and Euphrasia wettsteinii. On the
wetlands below the slope, one more redlisted species
is found: Rubus chamaemorus. The levels of genetic

diversity within these populations have been studied
earlier (Alsos et al. 2002, Eidesen et al. 2007, Ehrich
et al. 2008, Gusarova et al. in prep). For three of
them, germination of seeds and seed bank has been
studied, but no germinable seeds were found (Alsos
et al. 2003).
In 1998, a small patch of about 0.5 m2 with E.
wettsteinii was found. Until then, the only known
location of this species in Svalbard was from the hot
spring in Bockfjorden. In 2002, a systematic survey
of the area revealed in total 9 patches of this species,
whereas a short visit in 2007 showed a more or less
continues populations over an are of about 500 x 100
m. The observations were made in years when the
summer temperature was above average, and it might
be that this annual species is spreading in response to
raised temperatures.
Permanent plots with and without the focus species
will be marked and vegetation analyses will be started in 2009. The plots will be inspected every year for
the occurrence of E. wettsteinii, and a full vegetation
analyses will be done every fifth year. Temperature
and moisture loggers will be placed out, and snowmelt will be documented with a digital camera. This
project is a part of the Norwegian national monitoring of arctic vegetation and redlisted species.
Ex situ Conservation in Svalbard Global Seed Vault
and Tromsø Botanical Gardens
During autumn 2008, over ½ million seeds of 88
species were collected and stored in Svalbard Global
Seed Vault (Fig. 4). Ten of the species collected are
on the regional redlist for Svalbard. Thirty further
species, among them ten on the redlist, were also
checked but did not have any ripe seeds in September 2008. The seed collection constitutes a genetic
back-up for a large proportion of Svalbard’s vascular
plant species.
The back-up value of the seed collection depends on
the germinability of the seeds. To test for this, 3 x 50
seeds will be germinated under laboratory conditions in spring 2009. Those that germinate will be
transferred to Tromsø Botanical Garden and will be
conserved ex situ there. Two further germination
tests are planned after some years. The project is supported by Svalbard’s Environmental Protection Fund.
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Table 1. Red Listed vascular plant species in Svalbard. CR = Critically endangered, EN = Endangered, VU =
Vulnerable, NT = Near threatened, DD = Data deficit. Species found in B = Bockfjorden and C = Colesdalen
will be studied in 2009.

Name

Category Study
Site

Alchemilla glomerulans
Arabis alpina
Arctagrostis latifolia
Arenaria humifusa
Beckwithia glacialis
Betula nana
Botrychium boreale
Botrychium lunaria
Calamagrostis purpurascens

CR
NT
VU
VU
VU
EN
CR
CR
EN

Campanula rotundifolia
Carex aquatilis
Carex bigelowii
Carex capillaris

EN
CR
CR
CR

Carex glacialis
Carex krausei

VU
EN

Carex lidii
Carex marina
Comastoma tenellum
Coptidium pallasii
Draba fladnizensis
Draba micropetala
Draba oblongata
Draba pauciflora
Erigeron uniflorus
Eriophorum xsorensenis

NT
VU
CR
NT
NT
NT
VU
NT
EN
NT

Euphrasia wettsteinii

EN

Festuca brachyphylla

VU

B
C
B
B

C

B

B+C

Name

Category Study
Site

Festuca hyperborea
Festuca rubra ssp. rubra
Harrimanella hypnoides
Juncus arcticus
Juncus castaneus
Kobresia simpliciuscula
Luzula arcuata
Luzula wahlenbergii
Minuartia rossii

NT
VU
NT
VU
EN
EN
DD
VU
NT

Minuartia stricta
Pleuropogon sabinii
Potentilla insularis
Puccinellia angustata ssp.
palibinii
Puccinellia nutkaensis
Puccinellia phryganodes
ssp. neoarctica
Puccinellia vahliana
Ranunculus wilanderi
Rubus chamaemorus
Sagina caespitosa
Salix lanata
Saussurea alpina
Sibbaldia procumbens
Tofieldia pusilla
Vaccinium uliginosum
Woodsia glabella

CR
NT
NT
CR

XArctodupontia scleroclada
XPucciphippsia vacillans

CR

B

VU
DD
NT
CR
CR
CR
CR
CR
CR
NT
CR
EN

C

B
B
C

NT

Fig.1. On the Internet site “Svalbardflora.net,” information is given about all native and some introduced taxa
in Svalbard.
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Fig. 3. Euphrasia wettsteinii is one among eight Red Listed vascular plant species found around the hot
springs Trollkjeldene in Bockfjorden. Photo: Inger Greve Alsos, Svalbardflora.net.

Fig. 2. Numbers of tourists and occurrences of redlisted species in Svalbard. Note that few records of species
exist from the east coast as relatively few people have visited that region up to now. Less sea-ice during summer in recent years has made the east coast easier accessible, and the numbers of visitors are increasing also
there. The figure is made by Geir Arnesen based on data compiled by the Governor of Svalbard.

Fig. 4. Twenty people, mainly students and staff at the department for arctic biology at the University Centre
in Svalbard, participated in collecting ½ million seeds of 88 Svalbard species for Svalbard Global Seed Vault.
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Abstract
Fungi constitute a large share of Europe’s species
richness and are key-players in ecosystem processes.
They are certainly poorly understood and appreciated compared to plants and animals. However, the
immense advances in our knowledge over recent
decades now enable this large component of biodiversity to be appreciated, considered and incorporated into conservation actions.
There is good scientific evidence that populations of
many fungi are declining in Europe. Most European
countries have now produced fungal Red Lists and
more than 5,500 different macrofungi are red-listed
in at least one European country. The national redlist evaluations indicate that up to 10-20% of European macrofungi may be threatened. No such analysis
or Red List has yet been conducted at the European
level.
The European Council for Conservation of Fungi
(ECCF), established in 1985, is the oldest body for
fungal conservation in the world, and is actively
involved in European conservation work. In 2007,
the ECCF compiled a review of fungal conservation
in Europe for the Council of Europe. In 2002, the
ECCF prepared a proposal to the Bern Convention to
include 33 fungi in the Bern Convention, a proposal

that was declined for political reasons. Both reports
can be downloaded from the ECCF website, <www.
wsl.ch/eccf>. The ECCF are also trying to rise funding for an assessment of the biodiversity status and
trends of macro-fungi Europe. Such a European Red
List would provide a comprehensive compilation of
facts and an analysis of the status of and threats to
macrofungi in Europe that will identify and facilitate
actions to ameliorate European biodiversity conditions.
ECCF has initiated the project by compiling all national official, unofficial and preliminary fungal Red
Lists and having the scientific names checked. Experts throughout Europe have assessed this gross list
of 5,500 fungal species red-listed in a least one European country and selected from it 1,644 species likely
to be threatened at the European level. This reduced
list will be the starting point for the European macrofungal Red List. The ECCF network will enable this
project to use the expertise of mycologists throughout Europe, who are keen to contribute. However,
yet no funding has been achieved to complete the
project.  

Abstract
Papaver, section Meconella, is distributed in the
northern hemisphere in temperate alpine, boreal and
arctic regions with its highest reported species diversity in central Asia, Asian Siberia and partly American Beringia. In ploidy levels, the species span from
diploidy to high polyploidy. The most striking feature
when comparing several previous attempts to resolve
the section taxonomically is their lack of accordance.
This is partly due to an absence of a nomenclatural
consensus; authors have applied names in contradictory ways. The pronounced phenotypic plasticity in
some morphological traits has added to the problems
of species circumscription. Several regional studies
put too much emphasis on local variation, leading to
description of numerous, but often very local species
or subspecies, based on few and possibly spurious
characters. The majority of these studies have been
based on morphology and cytology. Lack of specified types has been responsible for a major part of
the confusion regarding application of names. Types
are therefore identified and designated for nine taxa
(Taxon, in press); it includes the specification of types
for the major names considered to be relevant in an
arctic and boreal context.
My PhD dissertation is the first contribution to a
circumpolar revision of the section Meconella  applying molecular methods. The section probably
includes between 50 and 60 species (described under
more than a hundred species names). My main study
includes 34 of these, i.e., 60–65 % of the section, and
applies amplified fragment length polymorphisms
(AFLP), ploidy level information, and morphology.
Analyses of AFLP in genetic material from all major parts of their range gave 34 groups that could be
characterized using morphological differences and
ploidy levels and interpreted as species and subspecies, but only partly reflecting previous taxonomic
solutions. Several of these solutions have been based
on an assumption of only one ploidy level in each
species. However, two or more different ploidy levels
were documented within at least half of the species as
defined by AFLP and morphology and may be even
more widespread, also among taxa that previously
have been assumed as exclusively diploid. Molecular

and morphological similarities are found between
some of the diploids and some of the polyploids, but
for most taxa at the higher ploidy levels (6–12x), no
indications of putative low ploidy ancestors were
found.
Three to five species have generally been accepted
in northern amphi-Atlantic regions: P. radicatum, P.
laestadianum (sometimes included in P. radicatum),
P. lapponicum, P. dahlianum, and P. polare (often included in P. dahlianum). Three species are supported
by isozymes, AFLP markers and morphology: P. radicatum (incl. P. laestadianum), P. lapponicum, and P.
dahlianum (incl. P. polare). Papaver radicatum and P.
lapponicum are closely related, whereas P. dahlianum
is more distantly related to these two. No other close
connections between P. lapponicum and P. radicatum and any other species have been found, but P.
dahlianum connects in both AFLP and morphology
to two Beringian taxa: P. uschakovii from Wrangel Island and an undescribed species in northern
Alaska. However, P. dahlianum as previously recognized is heterogeneous. Large parts of what recently
have been assigned to this species, at least in arctic
Canada, must be transferred to another species: P.
cornwallisense. The extensive material previously assigned to P. radicatum and P. lapponicum in Beringia,
and to P. radicatum in non-Beringian North America
and Greenland, belongs to several other, and according to AFLP and partly to morphology, not closely
related species. The differentiation of P. lapponicum
into several geographical races (subspecies) is supported. The extensive racial differentiation proposed
in P. radicatum in northern Europe is not supported.
The phylogenetic relationships within Papaver sect.
Meconella may remain unresolved by the methods
currently available due to recent evolution and extensive reticulation by hybridization and polyploidization. However, application of AFLP combined with
morphology and DNA ploidy seems to be a feasible
way to circumscribe taxa and to reach a much more
robust and stable taxonomy for this intricate group
than what has been attained until now.
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Abstract
The talk focused on plant responses on two levels; a) individual plant level and b) community level.

Individual plant level

Plant responses on community level

Parnassia palustris L. (Sandvik and Eide, 2009).
Life-history theories predict competition and compromises between different reproductive and somatic
(e.g. growth) functions in plants. The work concerns
costs of reproduction in an alpine herb, Parnassia palustris L. in light of global warming. The field
experiments involved manipulations of temperature
regime, using open top chambers, and manipulations
of current level of reproductive investment by supplemental hand-pollination and bud removal. The study
continued for two years. The main conclusion is that
it appears that the reproductive costs are fine-tuned
controlled which implies optimizing rather than
maximizing of reproductive and somatic outputs.  

Arft et al. (1999) presented an ITEX meta-analysis
(61 species, 18 families). One main conclusion was
that plant responses to increased temperatures differed, depending on where they grew. The low arctic
sites produced the strongest growth responses whereas the colder sites (high arctic) produced a greater
reproductive response.

Totland (1999) showed in a 4-year study of Ranunculus acris L. that the species benefits, both through
vegetative growth and reproduction, to increased
temperature for a short period. However, the increased reproductive output may not be sufficient to
maintain current   population density under a denser
vegetation cover.
Totland and Alatalo (1999) carried out a 3-year study
of Ranunculus glacialis L., examining the importance of temperature and date of snowmelt. The only
response in this study was to temperature, giving an
increase in seed-weight the first two years. They suggest that species like R. glacialis may be particularly
vulnerable to climatic changes if their habitats are
invaded by species with higher phenotypic plasticity
and a better competitive ability.  
Totland, Eide, and Grytnes (2000) tried to find out
if there were a typical alpine species (for Norwegian
mainland), looking at variables such as flower morphology and colour. The answer was no, not really.

One explanation may be that the low Arctic sites may
have more competition for light,
nutrients, or water, giving little opportunity for successful germination or seedling development. For the
high Arctic, on the contrary, a heavy investment in
seed-production under a higher temperature scenario may provide an opportunity for species to colonize
patches of unvegetated ground.     
Klanderud and Totland (2005) carried out a 3-year
study of Dryas octopetala L, investigating alpine plant
community responses to increased temperature. The
results demonstrated that the community diversity
declined primarily because changes in the abiotic
environment modified biotic interactions. In other
words, species interactions must be considered in
climate change experiments and in models predicting
climate change.
Klanderud (2005) also showed in a different study, in
the same area, that species interactions may change
when climate changes.
Sandvik and Eide (in prep), investigated leaf carbon,
nitrogen and the stable isotopes δ13C and δ15N in
three alpine snowbed species and long-term effects of
experimental warming. The species were: Cerastium
cerastoides L., Epilobium anagallidifolium Lam., and
Carex lachenalii Schkuhr. Main conclusions are that

nities, especially if snowbed hydrology changes as
climate gets warmer.
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Abstract

Abstract

The Northern Ontario Plant Database (NOPD) <http://www.northernontarioflora.ca/index.cfm>, initiated in
2002, provides researchers in northern Ontario with free on-line access to herbarium records from northern
Ontario institutions.  Partners include Great Lakes Forestry Centre (CFS-GLFC), Ontario Forest Research Institute (OFRI), Algoma University, Sault College of Applied Arts and Technologies (all Sault Ste. Marie, ON);
Lake State University (Sault Ste. Marie, Michigan), Lake Head University (Thunder Bay, ON); Laurentian
University (Sudbury, ON), Nipissing University (North Bay), and Quetico Park (Atikokan, ON).  Northern
Ontario specimens from the herbaria of Natural Heritage Information Centre (OMNR-NHIC, Peterborough,
ON) and the Royal Ontario Museum (Toronto, ON) are also included in the NOPD.

Although species lists for mosses exist for a number of Arctic regions, there has never been a single list of
the mosses known from the entire Arctic. From a conservation perspective, such a list is useful for inventory
and further monitoring of this sensitive area of the globe. The goal of this project is to create a single list and
database of the mosses of the Arctic regions. We used existing lists from Russia, Canada, Greenland, Alaska
and Iceland to create an initial master list. Since the individual lists utilized differing taxonomy and nomenclature, the master list was reviewed to resolve the names into a common taxonomy. The result is a list of 621
moss taxa.

Records can be accessed by family or genus lists.  
Upon selecting a genus, a list of species represented
in the database is displayed, followed by 3 columns
for: Synonymy, Records, and Description.  The ‘Synonymy’ link shows the currently accepted scientific
name, synonyms, and known common names in
English, French, and Ojibway.  The nomenclature is
updated regularly based on published Flora North
America volumes and VasCAN records from the
Université de Montréal, as they become available.
The ‘Records’ link displays a list of specimens and
a brief description of the location.  Clicking on the
specimen accession number will provide all the data
from the herbarium label and generate a digital map,
at the bottom of the label information, showing the
location of that collection.  The ‘Description’ link
directs you to written descriptions and/or images of
each species.  
The website also provides descriptions and digital
images of more than 140 native species.  As time

permits, keys to the species of genera with several
species are added.  Illustrated definitions of terms
used in plant descriptions and keys can be found in
the ‘Terminology’ link along the left margin of the
homepage.  Descriptions of the current northern
Ontario (northeast, central, and northwest) FEC
vegetation types (V-types) can also be accessed from
the link along the left margin.  Additional information on the content of the website is provided in the
homepage.
The NOPD shares a common nomenclatural base
with GLFC’s Plant Hardiness Zone database <http://
planthardiness.gc.ca>, which is being expanded to
include all native Canadian species.  The Plant Hardiness Zone website uses herbarium records, among
others, to develop climatic profiles for each species.  
The climatic profiles are then used to generate continent-wide maps showing potential ranges for each
species now and under a changing climate.

Further work will refine the lists from Canada,
including also the region of northern Labrador for
which there have been recent surveys. Work is continuing to standardize the taxonomy and to include
more information for the Canadian arctic. This is a
result of on-going work to determine the conservation status of mosses in all the provinces and territo-

ries of Canada. Toward this end a species list is being
created list for Nunavut and NWT. We now have
moss list for these and can get lists at a finer grain
(for example, mainland arctic NWT and Nunavut)
which we can include in the Arctic moss database.
This project will be completed by late spring.
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Abstract
Systematic research provides essential evidence for setting conservation priorities for rare and endangered
taxa. Phylogenetic analyses can identify cryptic, genetically distinct lineages as well as actively interbreeding,
and hence, non-distinctive lineages earlier
perceived as separate taxa. Different measures of biological distinctness were reviewed with a focus on phylogenetic measures such as Phylogenetic Diversity (PD) and Evolutionary Distinctivness (ED).  Some of these
measures include a component of rareness. Measures calculated directly from the data retain more character
information
and give a better representation of genetic diversity than other measures relying on tree topologies only.
The use of these measures was exemplified by a study
aimed at identifying genetically distinct, rare lineages within two Malvaceae sister-genera, Sidalcea
and Eremalche. The focus was two taxon-pairs each
consisting of one rare and one more common taxon.
The results demonstrate that even within two closely
related genera, with a large number of rare taxa,
molecular phylogenetic analyses can reveal contrasting degrees of evolutionary divergence and thus
contrasting  conservation implications for threatened
taxa. The PD measure demonstrated S. keckii (but not
E. kernensis) to be genetically distinct from its closest
relative and a good candidate for conservation.
In addition, the evolution of the circumboreal genus

Arnica was discussed based on both nuclear and
chloroplast sequence data. Earlier suggested subdivisons of the genus is not supported nor is the proposal of an arctic origin of the genus. Taxa placed in
subgenus Austromontana represent basally diverged
lineages in all sequenced regions. This supports a
hypothesis of an origin in temperate western North
America coinciding with distribution of Madiinae,
the sistergroup to Arnica. Polymorphism that was
detected in the nuclear DNA regions is likely caused
by lineage sorting in connection to agamospermy,
polyploidy and possibly hybridization. Typically
diploid species lack polymorhisms in the sequenced
regions which supports this scenario.
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