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A. Breymeyer (ed.) — EURO-MAB IV.
Mountain zonality facing global change,
Conf. Papers, 21, IGiPZ PAN Warszawa

Preface

The Man and Biosphere (MAB) Program of UNESCO works towards the
harmonious co-existence of man and the biosphere.

Responding to the continually-appearing problems experienced in keeping
the natural environment in good condition, the Program initiates many actions
on the world or regional scales and organizes (or co-organizes) scientific
meetings and meetings for experts and managers. The MAB Program has
created a network of more than 300 Biosphere Reserves which covers the
whole globe and which acts as a kind of model network of protected areas
which are at the same time available for use by the local human population.

Many Working Groups and regional organizations operate within UNESCO
MAB, and EURO-MAB was established several years ago as just such a
regional organization uniting countries throughout the European continent,
along with Canada and the United States.

The conference which took place in Zakopane between September 6th
and 11th 1993 was composed of two quite distinct parts:

1. EURO-MAB IV. The fourth Meeting of the National MAB Committees
of European countries, Canada and the United States. Work in this part of
the conference was devoted to information on the studies, reports and plans
being worked upon by the Working Groups, as well as discussion of the
contacts between the entire EURO-MAB organization and other organizations
active in Europe in the field of the environment. The informational documents,
resolutions and decisions on the future activities of EURO-MAB, which arose
in the course of this part of the Conference, are appended at the end of the
present volume. It is worth noting the creation in course of the Zakopane
conference of a new Working Group within EURO-MAB entitled “Societal
Dimensions of Biosphere Reserves”.

The new EURO-MAB Bureau chosen for the 1993-1995 term has the
following makeup:

Chairperson: Alicja Breymeyer (Poland)

Members: Jacques Lecomte (France)

Jorgen Kirkegaard (Denmark)

Vladimir Soldatov (Belarus)

Rapporteur: Michael Morris (UK)

The headquarters to the year 1995 is Warsaw, though it is planned that
the Bureau be moved to Denmark following the next EURO-MAB V Conference
planned in Copenhagen. The proposal that the EURO-MAB headquarters
be transferred to one of the Scandinavian countries for the 1995-1997 term
was tabled from the floor of the meeting and the representative of the Danish
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MAB Committe accepted it. Following the final adjournment of the EURO-
MAB IV Conference, Dr Morris and Dr Breymeyer worked with the repre-
sentative of the Paris UNESCO-MAB Committee to prepare a precise and
fully-inclusive report. The report was printed and distributed to all National
Committees in December 1993. The report did not contain materials from
the scientific seminar.

2. The Scientific Seminar “Mountain Zonality Facing Global Change”, to
which specialists in montane ecology were invited. The subject matter of
the Seminar was proposed by the undersigned and was linked with the
place in which the Conference took place (the Tatra Mountains). Knowledge
of mountains also seemed to be of great significance, since it was that they
would probably serve as the most convenient and effective places in which
to register any climatic changes might occur. The MAB Seminar on this
subject represents one of the first steps towards an understanding of the
ways in which the living world will react to warming. The papers presented
at the Seminar are contained in the present volume.

At the end of the volume we print a Declaration which was prepared by
local scientists active in the protection of nature in the Tatra Mountains
and accepted unanimously by those participating in the Conference. The
Declaration concerns the listing of the Tatra Mountains as one of the UNESCO
World Heritage Sites. It would seem to be worthwhile to support the initiative
and to make the necessary efforts to ensure that the Tatras do come to be
honoured with this highest of titles. The Tatra Mountains are extraordinarily
beautiful but very small, and without special protected status they may
simply be destroyed under pressure from tourists, sports enthusiasts and
businesspeople.

Alicja Breymeyer
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A. Breymeyer (ed.) — EURO-MAB IV.
Mountain zonality facing global change,
Conf. Papers, 21, IGiPZ PAN Warszawa

UNESCO-MAB INTEGRATED MOUNTAIN RESEARCH
AND ENVIRONMENTAL CONSERVATION

THOMAS SCHAAF

UNESCO-MAB Secretariat, Division of Ecological Sciences, 1 rue Miollis,
F-75 732 Paris, Cedex 15, UNESCO

Abstract. The author of this paper wishes to reiterate briefly the history of Project
Area 6 UNESCO’s Programme on Man and the Biosphere (MAB), entitled “Impact of
human activities on mountain and tundra ecosystems” which for many years encom-
passed the various facets of integrated mountain research and also included aspects
of environmental conservation. Highlighted in particular are the early days of the
mountain part of the MAB Programme and a tentative balance sheet of some 20
years of MAB mountain research presented. The author then seeks to consider some
of MAB’s possible future orientations with regard to mountain environments. The
views expressed in this paper are those of the author and may not necessarily be
shared by all members of the UNESCO-MAB Secretariat.

Key words: UNESCO-MAB, Project Area 6, mountain ecosystems, mountain re-
search, socio-cultural significance of mountains.

In early 1973 soon after the official launch of UNESCO’s Programme on
Man and the Biosphere (MAB), an expert panel for MAB Project Area 6
was convened in Salzburg (Austria) on the recommendation of the first
(November 1971) session the MAB International Co-ordinating Council. The
panel’s task was to elaborate the scientific content of projects to be proposed
under the MAB Programme. The expert panel recommended the study of
the following problem areas:

(1) Human settlements at high altitude;

(2) The effects of land use alternatives on mountain ecosystems;

(3) The impact of large-scale technology on mountain ecosystems;

(4) The effects of tourism and recreation on mountain ecosystems.

As a complement to these four problem areas, comparative world-wide
analyses were also to include studies of the timberline zone, the use and control
of fire, the causes of erosion and stability, and the concept of carrying capacities
in mountain regions (see UNESCO-MAB Report No. 8, 1973).

A working group session was held in Lillehammer (Norway) in November
1973 to further define the scope, objectives, methodologies and possible outputs
of these problem areas (UNESCO-MAB Report No. 14, 1974). This meeting
led to a stronger thematic and regional concentration of the problem areas to
be studied, which were:

1) Problems of resource development and human settlements in high tropical
mountains (i.e. mountains above 2,500 m and situated between approx. 30° of

X
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Lat. N and S) including the tropical Andes, the South Asia mountain complexes,
and the East African and “Ethiopian” highlands.

2) Tourism, technology and land use in temperate mountains in mid latitudes
(approx. up to the 60° parallel), with distinct winter and summer seasons.

3) Land use problems in high latitude mountain and tundra ecosystems
with special reference to grazing, industrial development and recreation.

In its efforts to harmonize methodologies for comparative reasons, the
working group in Lillehammer identified tentative “minimal” research
requirements covering both natural sciences (e.g. climatology and soil science)
and social and economic sciences (e.g. sociology and economics). Some
examples of these are shown in Table 1.

Table 1. Tentative list of “minimal” research measures (excerpts) (see UNESCO-MAB Report
No. 14, 1974)

1. Abiotic variables, climatic
Minimal: Optional for some purposes
(essential for others):

— air temperature — radiation
— precipitation — surface soil temperature
— wind velocity — snow cover and radiation

— relative humidity

2. Biotic variables

3. Economic system variables
— Forms and amounts of taxation

— Land tenure

— Market for products

— Organization of product sales and consumer purchase
— Control and distribution of capital

— Legal structure for land use

— Legal structure for product sales

Although the variables identified (e.g climatic variables such as air
temperature, precipitation and wind velocity) appear rather obvious for moun-
tain studies, the list shows nevertheless that an important effort was made
to arrive at an internationally-agreed-upon and harmonized catalogue for
carrying out research on mountain ecosystems within the framework of an
inter-governmental scientific programme. According to the Lillehammer
group, these variables could be used to compare the results of national
mountain studies in an international context. Conceptually speaking, the
establishment of this catalogue of minimal research requirements was an
important step forward in international co-operative research.

Over the years, however, it turned out that the whole list of minimal research
requirements was not always considered by the national scientific groups carrying
out research under the “MAB banner”. This was perhaps due to the fact that
although common research topics had been identified (e.g. for the temperate
mountains in mid latitudes, the topics of tourism, technology and land use),
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a common research hypothesis with a common objective was lacking. Acommon
objective could have been, for example, the study of varying resource use
and tourism in the context of climate variability and change — an initiative
which had been suggested by the MAB Secretariat some time ago, but which
never got off the ground due to lack of financial resources.

An overview of the evolution of mountain research over the last quarter
century was prepared by Jack Ives and Bruno Messerli and presented in a paper
at the “Conference on the Transformation of Mountain Environments” held
in Tsakhadzor (Armenia), in October 1989. It is interesting to note that the
authors choose the year 1973 as the starting point for their overview, because
the first organizational meeting of MAB-6 was held in that year in Salzburg.
Ives and Messerli rightly regret that the International Working Group for
MAB-6 initiated after the Lillechammer meeting with a view to establishing
a programmatic framework for mountain research, faded away because
no provision had been made for its continued maintenance. However, the
UNESCO/MAB Salzburg and Lillehammer meetings gave an important result
as they provided a forum for the creation of an informal group of committed
international mountain scholars who kept in close contact over the years.

It is perhaps worth noting that Ives, Jest, Loeffler, and Messerli: the
first President and Vice-Presidents of the International Mountain Society
— IMS, were all members of the UNESCO MAB-6 “panel of experts” that
met at Salzburg in 1973. Thus, the continued work of the IGU Commission
on Mountain Geoecology, the progressive expansion of the UNESCO/MAB-6
project, the development of the United Nations University (UNU) project
on Highland-Lowland Interactive Systems, and the creation of the IMS and
its journal “Mountain Research and Development” have all been closely in-
terconnected, and have involved several of the same individuals in each
case. Their initiatives included the foundation in 1989 of the French based
International Centre for Alpine Environments (ICALPE) and the formation
of the African Mountains Association (AMA) in 1986.

Apart from these efforts for international “institution building” on mountain
research, MAB-6 gave rise to a large number of case studies world-wide.
The UNESCO-MAB Secretariat has commissioned Martin Price to prepare
a synthesis publication on MAB mountain studies in Eastern and Western
Europe following a recommendation made by the MAB Council to prepare
MAB synthesis on various MAB project areas. In his presentation at this
symposium dr Price will focus on MAB mountain research in Europe and
I will leave it to him to present some of the case studies.

In looking back at some 20 years of MAB mountain history, it is not easy
to account for all the strengths and shortcomings of MAB Project Area 6.
And it is made all the more difficult in view of the many actors involved
and the fact that the MAB Programme is by its very nature a “decentralized
programme” building on the active inputs provided by the MAB National
Committees.

On the positive side of a balance sheet of MAB mountain accomplishments,
the strengthening of international co-operation among mountain scientists
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can certainly be attributed to MAB-6. Building on personal contacts estab-
lished among the participants of the Salzburg and Lillehammer MAB-6 meet-
ings in 1973, MAB-6 has influenced a whole generation of scientific cadres
interested in mountain studies, and later their own students. International
conferences, seminars and workshops have led to an increased exchange of
knowledge on the problems of mountain environments.

Institution building in the wider sense has been another asset of
UNESCO/MAB-6. A few of the more prominent examples of institution
building are inter alia, the creation, under UNESCO’s sponsorship, of the
Kathmandu-based International Centre for Integrated Mountain Develop-
ment (ICIMOD) for the Himalayas-Hindu-Kush region, UNESCO-MAB'’s
assistance to the journal Mountain Research and Development in its fledgling
state, financial support for the preparation of ICALPE’s EuroMAB Mountain
Newsletter, and sponsorship for meetings of the African Mountains Association
(AMA).

Another result of MAB-6 efforts is the development of modelling within
the framework of MAB-6 case studies trying to elucidate the complex inter-
relationships of environmental and socio-economic factors and processes in
a given mountain ecosystem. In particular, MAB scientists of the alpine
region contributed to the methodological and scientific advancement of model-
ling — whose applications are not restricted to mountains alone.

On the conceptual level, MAB Project Area 6 has — perhaps better than
other MAB Project Areas — succeeded in adopting the integrated and inter-
disciplinary research philosophy of the MAB Programme. In many cases,
MAB mountain studies have tried to bridge the gap between the natural
and socio-economic sciences. This is perhaps on account of the fact that
mountain studies were — and still are — of particular interest to geographers,
who due to the nature of their subject are used to working in an inter-
disciplinary way.

However, one shortcoming in the international MAB co-operation on moun-
tains has been that the scientific literature emanating from MAB work is
widely scattered and often rather inaccessible. In many cases, research results
have been confined to a national context and have not been as widely dis-
tributed as one could have wished for work within the framework of an
international research programme such as MAB. It is hoped that the synthesis
on MAB mountain studies in Eastern and Western Europe authored by
Martin Price will help to fill this gap as will a synthesis of MAB studies
on tropical mountain environments (in preparation).

When using the three problem (or study) areas identified during the
aforementioned Lillechammer meeting in 1973 as a yardstick to measure the
accomplishments of MAB-6, it has to be noted that three problem areas
were not tackled at the same intensity. Tourism, technology and land use
in the temperate mountains in the mid latitudes received by far the widest
attention from the MAB-6 scientific community. Fewer studies exist on
Problems of resource development and human settlement in high tropical
mountains (notably in Latin America, the Himalayas, and Kenya) and the
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problem area Land use problems in high-latitude mountain and tundra ecosys-
tems received even less attention under MAB-6 (although, it has to be noted
that the creation of the MAB Northern Sciences Network has somewhat
remedied this situation).

In the more than 20 years of its existence, MAB Project Area 6 has
yielded a wealth of scientific information, and the time is ripe to reflect up
on the future development of MAB with regard to mountain environments
also. In this context, I wish to recall some of the conclusions and recom-
mendations made by the MAB International Co-ordinating Council at its
12th Session in January 1993.

The 12th MAB Council recommended that the MAB Programme should
henceforth concentrate its action around five priority themes, which are:

(1) Conserving biological diversity and ecological processes;

(2) Exploring approaches to land use planning and sustainable manage-
ment of resources;

(3) Formulating and communicating policy information on the sustainable
management of resources and the promotion of environmentally-sound behavior;

(4) Building up human and institutional capacities for land use planning
and the sustainable management of resources;

(5) Contributing to the Global Terrestrial Observing System (GTOS).

The MAB Secretariat has recently tried to visualize these five priority
themes in a graphic representation (see Figure 1):

The activities under these five priority themes would build upon past
MAB experience and would use as far as possible the international network
of Biosphere Reserves. Biosphere Reserves lend themselves very well to
contributing to the Global Terrestrial Observing System for the study of
changing environmental conditions which is the major theme of the present
symposium. Biosphere Reserves exist in practically every major ecosystem
type including high mountains.

The five priority themes also respond to five of the main concerns of
UNCED, namely the United Nations Conference on Environment and Develop-
ment: biodiversity, sustainable development, information/communication,
capacity building/training, and global change. In the light of this the MAB
Council concluded inter alia that MAB with its interdisciplinary research
approach and concern for environmental conservation, is preadapted to
respond to the decisions of UNCED. The MAB Programme should serve as
akey instrument in the implementation of UNESCO’s contribution to UNCED.

This is important in the light of UNCED’s Agenda 21, and particularly
Chapter 13 entitled “Managing fragile ecosystems: sustainable mountain
development”. Although one may wish from UNCED’s Agenda 21 to be more
explicit and concrete in operational terms, Chapter 13 allows for enough
flexibility to accommodate various initiatives for ecological research and moun-
tain development for the sake of those living in mountain environments.

The 12th MAB Council also felt that “... MAB, in dealing with land use
systems, should concentrate on three major areas of activity concerning
humankind’s relations with nature:
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Fig. 1. Conceptual framework and thematic structure of UNESCO’s MAB Programme
The interaction of the four priority themes:

Biodiversity and Ecological Processes; Sustainable Management of Natural Resources;
Capacity Building; Communication and Information for Decision-makers, is presented
with respect to the ecosystems concerned and with respect to the International Biosphere
Reserves Network and other networks (e.g. ecotones, marine sites and urban systems).

GTOS: Global Terrestrial Observing System (UNEP-UNESCO-FAO-WMO)
GOOS: Global Ocean Observing System (WMO-UNESCO-IOC)
DIVERSITAS: Biodiversity Programme (IUBS-SCOPE-UNESCO)
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a) the conservation and monitoring of biological diversity and ecosystem
processes;

b) the sustainable management of natural resources at the ecosystem
and landscape levels;

c) the integration of the socio-cultural and ethical dimensions in land
development.”

These major areas can easily be applied to integrated mountain research:
the focus could be on mountains at the landscape level with a view to the
conservation and monitoring of biological diversity and ecosystem processes,
and the integration of socio-cultural and ethical dimensions into land develop-
ment. While the first two major areas have been rather well reflected in
MAB mountain research in the past, the socio-cultural, and ethical dimension
may well be strengthened in the future.

Of course, tourism played a very important role in MAB mountain research
with its many socio-economic ramifications and its impact on the environment.
But did mountain tourism play an important role in its socio-cultural and
ethical dimension? I believe that the socio-cultural significance of mountains
has been largely neglected in MAB activities.

In virtually all societies, mountains have a tremendous cultural sig-
nificance for religious, spiritual or metaphysical reasons. Mt. Olympus (a Bio-
sphere Reserve in Greece) was considered to be the home of the Greek gods.
The Changbaishan Mountain Biosphere Reserve in China which borders
with the Mount Paekdu Biosphere Reserve of the People’s Democratic Republic
of Korea, is believed to be the point of origin of the Korean people. The
Hawaiian Volcanoes National Park (which is part of the Hawaiian Islands
Biosphere Reserve), houses the volcano goddess Pele. Numerous other ex-
amples such as the sacred mountains of the Navajo nation in North America
could be added to this list. Common to all these sacred mountain areas is
the traditional belief in supernatural powers which has helped to protect
their environments from human disturbance. The metaphysical significance
attributed to mountains involves sacredness, fear, ceremony and mystique
and has given these mountain environments a culturally-inherent degree of
protection. Inaccessibility, coupled with religious taboos often gives mountain
environments outstanding conservation value. It is interesting to note that,
in a recent publication entitled “Guidelines for Mountain Protected Areas”
IUCN dedicates a whole chapter to the religious and cultural significance
of mountains (see D. Poore, 1992).

Of course, religious sanctions were not so long-lasting in European civiliza-
tion and culture, and most mountains have lost their sacredness. However,
I imagine that basing studies on the socio-cultural significance of mountain
environments, could open up a wide field for integrated research into the
natural factors of ecosystem functioning, as well as the underlying cultural
values which may be beneficial for the protection of ecosystem functioning.

The cultural dimension of mountain environments leads also to an ethical
question for the needs of environmental protection. Valid reasons for
environmental protection are often quoted in economic terms only (i.e. the
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long-term capitalizing on natural resources for future purposes; the use
of genetic resources for improved seed varieties or pharmaceutical usages;
undisturbed landscapes, flora, fauna-mostly megafauna — for the income-
generating tourism sector etc.).

Ethical reasons for conservation receive less attention in European cultures
than in non-European cultures. The Chinese word for landscape — Shan-shui
— is a composite word of “mountain” and “water” which weds antagonistic
forces into a harmonious whole in a Ying-Yang type of relationship. Perhaps
it is time that we Europeans benefited more from a non-European type
of thinking when it comes to considering mountains not only as elevated
landmasses with various vegetation zones and places for tourism, but also
as places with most interesting interrelationships between people and nature.

Of the 311 Biosphere Reserves entered on the international list by 1993,
42.7% were in mountain areas with their highest elevations at above 1,500 m
a.s.l. Of these 71 (=51.3%) are located in the European region. It is hardly
surprising that such a large number of Biosphere Reserves are situated in
mountain environments since protected areas in mountain regions have
hitherto been chosen mainly for their spectacular scenery, wilderness quality,
and wildlife, as well as for the opportunities they offer to tourism. I should
imagine that a fair number of European and non-European Biosphere Reserves
in mountains would offer splendid research environments not only for
examining ecosystem functioning from a purely natural scientist’s point of
view, but also from an angle that includes cultural and ethical values. After
all, our programme is called the Programme on Man and the Biosphere.
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REVIEW OF ALPINE RESEARCH
IN THE POLISH TATRA MOUNTAINS

ZBIGNIEW MIREK

Institute of Botany, Polish Academy of Sciences
ul. Lubicz 46, 31-512 Krakoéw, Poland

Abstract. The most important results and achievements in the investigations car-
ried out on the flora and vegetation of the Tatra Mountains are reviewed.

Key words: plant cover, vegetation belts, altitudinal vicariants, edaphic vicariants,
endemic species.

In the territory of Poland, lying just in the centre of Europe (Fig. 1) there
are three mountain systems: the old, Palaeozoic Sudety and Swietokrzyskie
(Holy Cross) Mts and the young, Tertiary Carpathians — a large Alpide
range situated between the Alps and the Caucasus. The Swietokrzyskie
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Fig. 1. Location of Polish mountains in relation to other mountains in Europe
S — the Sudety Mountains, H — the Swigtokrzyskie (Holy Cross) Mountains;
1 — young mountains the Tertiary Era in the Alpine system,

2 — old Paleozoic mountains, 3 — mountain areas in Poland

http://rcin.org.pl




B O 2 za> M. %

Fig. 2. Altitudinal differentiation of the Polish Carpathians: A — against the background
of the hypsometry of the country, B — vegetation belts: 1 — colline belt, 2 — lower montane belt,
3 — upper montane belt, 4 — subalpine, alpine and subnival belts (Mirek and Pigkos-Mirkowa 1992b)

Mts are very low — only slightly above 600 m. Partly-developed alpine
vegetation can be found in the highest range of the Sudety Mts — the
Karkonosze (Giant Mts) (alt. 1603 m), as well as on 1725 m Mt. Babia Goéra,
highest peak of the area of the Carpathians known as the Western Beskidy
Mts. But the main centre of alpine vegetation in Poland is in the Tatras
(Fig. 2) which at up to 2663 m form the highest range of the Western
Carpathians and the Carpathians as a whole-a fact that is well visible in the
map of the Polish Carpathians and the Carpathians as a whole (Figs 2, 3).
In turn, the distinctly high mountain character of the Tatra Mts is especially
clear from Fig. 4. which compares the vegetation belts of the highest ranges
of the Carpathians. It is clear that within the whole Carpathian arch it is
only in the Tatras that the subnival belt is developed. Very significant is
the limited participation of high mountain (subalpine and alpine) belts in
the whole Carpathians, and especially in their north-western ranges, which
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Fig. 3. Vegetation belts in the Carpathians: 1 — subnival, alpine and subalpine belts,
2 — upper montane belt, 3 — lower montane belt, 4 — state borders
(Ozenda 1983, slightly modified)

include the Polish Carpathians. All of this merely enhances the importance
of the Tatra Mts as a centre of high mountain vegetation in both Poland
and this part of Europe. The massif supports 400 of the ¢. 450 mountain
vascular plant species growing in Poland (Fig. 5) and in turn more than
200 (including the majority of high mountain taxa) have their only Polish
localities in the Tatras.

The flora of vascular plants in the Tatras was already well known at
the end of the last century when three important publications appeared
(Berdau 1890, Kotula 1890, Sagorski and Schneider 1891). One of them The
distribution of vascular plants in the Tatra Mts by Kotula (1890), remains
valuable with its very detailed information on the vertical distribution and
frequency of occurrence of all the then known vascular plant species, as
well as its information on the boundaries of vertical vegetation belts. A good
knowledge of the flora was futher improved at a later date by the taxonomical
and chorological works of B. Pawlowski and his collaborators, which were
carried out over a period of 50 years (1920-1970), and finished by the first
of a planned volumes of the “Flora of the Tatras” (Pawlowski 1956). Thus
from floristical point of view, the Tatras form today one of the best studied
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Fig. 4. Altitudinal vegetation belts in individual Carpathian ranges: 1 — the NiZne (Lower) Tatras,
2 — Babia Gora, 3 — the Tatras, 4 — Gorce, 5 — Bieszczady, 6 — Czarnchora,
7 — Czywczynskie Mts, 8 — Rodnianskie Mts, 9 — Kelimenskie Mts, 10 — Siriu, 11 — Bucegi,
12 — Sebesului, 13 — Retezat, 14 — Vladeasa; vegetation belts: a — submontane, b — lower montane,
¢ — upper montane, d — subalpine, e — alpine, f — subnival (Mirek and Pigkos-Mirkowa 1992b)

mountain regions in Europe or in the world. Furthermore many interesting
discoveries have been facilitated by cartographic work done in the last 15
years in this small area (only 21 000 ha). Among these achievements is,
e.g., the discovery of the only Carpathian locality for the relict subalpine
species Dryopteris villarii (Fig. 6) as well as the new, sometimes quite
numerous, stands of species formerly known from only one locality not proved
for a hundred years (Fig. 7). The more than 100 000 floristic data collected
during the last 15 years provided the basis for the detailed Atlas of vascular
plant distribution in the Polish Tatra Mts. (Mirek and Pigkos-Mirkowa msecr.).
The number of points on the distribution map of the common species Vaccinium

22
http://rcin.org.pl



3 12 223 22« [s Mmls

Fig. 5. Mountain vascular plant species in Poland:
1 —1-15, 2 — 16-30, 3 — 31-60, 4 — 61-120, 5 — 121-240, 6 — over 240
(Mirek and Pigkos-Mirkowa 1992b)
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Fig. 6. Distribution of Dryopteris villarii.
1 — main area of occurrence, 2 — single stands,
3 — stand in the Tatras (after Pigkos-Mirkowa and Mirek 1989)
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Fig. 7. Distribution of Glyceria nemoralis (G.n.) and Malaxis monophyllos (M.m.) in the Polish
Tatras. A — the only stands recorded at the end of last century, B — stands discovered
in last 15 years (Mirek and Pigkos-Mirkowa, orig.)
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Fig. 8. Distribution of Vaccinium myrtillus in the Polish Tatra Mts (Mirek and Pi¢kos-Mirkowa, orig.)

myrtillus shows the degree of recognition of this territory (Fig. 8). In turn
a good knowledge of plant distribution makes possible the presentation in
cartographic form of such phenomena as the allegiances of various species
to vertical vegetation belts (Fig. 9A) or different substrata (Fig. 9B). The
relation between the substratum and the plant in taxonomically close species
results in the phenomenon of edaphic vicariance (Fig. 10A), while similar
types of relations connected with altitude give altitudinal vicariance
(Fig. 10B). A precise knowledge of vertical distributions in the Tatras and
other Carpathian ranges makes it possible to prepare a detailed classification
of distributional types (Fig. 11). The distribution of rare and relict species
in the Tatras points to the role of some regions as refugia for mountain
flora like the area around Morskie Oko, or the Czerwone Wierchy massif
(Fig. 12A), which is the only Carpathian locality for Sibbaldia procumbens
(Fig. 12B) and some other species.

During the last 10 years detailed ecological studies by Pigko$-Mirkowa
(1990) have focused on very rare and relict species which are represented
in the Tatras by extremely small populations of as few as tens or even
several individuals growing in one place. These studies consisted of a full
inventory of individuals, as well as several years of observation on the state
of the population and its structure, on vegetative and generative propagation,
on characteristics of phytocoenoses and soil conditions and on phenology.
Evaluations were also made of the threat posed by different factors and of
the possibilities for in situ and ex situ protection. Similar studies are now
being carried out by Pigkos-Mirkowa and Mirek on the endemics of the Tatras,
Western Carpathians and the Carpathians as a whole. It was only possible
to start such studies after long-lasting taxonomic and chorologic investigation

25



H
SPCLLLT Ty Lot Libd
cavey’ ttee!

Fig. 9. Various distribution patterns of vascular plants in the Tatra Mts:
A — lower montane species Fagus silvatica (a) and subnival species Saxifraga bryoides (b);
B — calcifilous alpine-subalpine spedes Carex firma (c) and caldfugous alpine species Campanula alpina
(d) in relation to distribution of calcareous (e) and non-calcareous (f) rocks (dotted)
(Mirek and Pigkos-Mirkowa, orig.)
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Fig. 10. Edaphic (A) and altitudinal (B) vicariants in the Polish Tatra Mts:

a — calcifilous Saxifraga cernua, b — calcifugous Saxifraga carpatica in relation to distribution of
calcareous (dotted) and non-calcareous rocks, ¢ — lowland-montane species Juniperus communis,
d — subalpine-alpine species Juniperus sibirica; e — upper forest limit

(Mirek and Piekos-Mirkowa, orig.)
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Fig. 11. Categories of altitudinal ranges of species and their representatives in the Polish flora
in relation to vegetation belts (after Mirek 1990). 1 — Potentilla crantzii, 2 — Geum montanum,
3 — Cerastium uniflorum, 4 — Gentiana frigida, 5 — Salix herbacea, 6 — Lloydia serotina,

7 — Myosotis alpestris, 8 — Pulsatilla alpina, 9 — Viola alpina, 10 — Polystichum lonchitis,
11 — Linum extraaxillare, 12 — Pinus mugo, 13 — Pinus cembra, 14 — Hieracium prenanthoides,
15 — Listera cordata, 16 — Luzula luzulina, 17 — Moehringia muscosa, 18 — Trifolium
spadiceum, 19 — Dentaria glandulosa, 20 — Myricaria germanica, 21 — Calamagrostis
pseudophragmites, 22 — Matteucia struthiopteris, 23 — Epilobium dodonaei, 24 — Soldanella
carpatica, 25 — Huperzia selago, 26 — Carduus defloratus ssp. glaucus, 27 — Gentiana
asclepiadea, 28 — Vaccinium vitis-idaea, 29 — Nardus stricta, 30 — Rubus idaeus,

31 — Campanula trachelium, 32 — Moehringia trinervia, 33 — Calamagrostis epigeios,

34 — Medicago falcata. Abbreviation: mlts. h. mtn. — multizonal high-altitude species

of the endemics by Pawlowski (1970), and cytological studies on this group of
species by Skalinska (1963) and collaborators. Synthesis of these works took
the form of a comparative study on endemism in the Alps and the Carpathians
(Pawlowski 1970). The results, supplemented later by papers from other
botanists, allow for a synthetic presentation of endemism in the Tatras and
the Carpathians against a broader background. It was proved that the Western
Carpathians, and within them the Tatras, are the northernmost centre of
endemism in the European continent (Fig. 13). It is also evident that
endemism in Europe is connected with mountainous regions. However, the
maximum extent of the Fennoscandian Ice Sheet which reached the foot
of the Western Carpathians, caused the almost total destruction of the
Tertiary flora and was decisive in limiting severely the present number of
endemics, especially of higher rank. The number of these in the Carpathians
is only one third of that in the Alps. The same factor decided on the distribution
of endemic richness within the Carpathians, with the Western Carpathians
having 1/3 fewer endemics than the Southern Carpathians (Fig. 14b).
Nevertheless, the Tatras are still the territory richest in endemics in Poland
(Fig. 14a), in the Polish Carpathians (Fig. 15) and in the whole of the Western
Carpathians. This is without doubts connected with their high mountain
character as the majority of endemics are alpine and subalpine species.
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Fig. 12. A — distribution of very rare relic species in the Polish Tatras (Pigkos-Mirkowa 1982).

Clearly visible is the concentration of stands in two regions: 1 — Morskie Oko, 2 — Czerwone

Wierchy. B — Stands of Sibbaldia procumbens in the region of Czerwone Wierchy (Mirek and
Pigkos-Mirkowa, orig.)
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Fig. 13. The Tatras as the northernmost centre of endemism in Europe against the background
of dislocation and quantitative representation of the European endemic genera having only
relatively limited distribution; a — 14-7 genera, b — 6-4, ¢ — 3-1, d — the southern limit

of the greatest glaciation, e — the Tatra Mts (after Hendrych, 1980, slightly modified)

L 720 A 22 2« zds |

Fig. 14. Richness of endemic species in various parts of Poland (A — after Matuszkiewicz, 1991)
and in the Carpathians (B — after Hendrych 1981, modified). A — scale indicates number
of endemic species; B — local, western, eastern, and pan-Carpathian endemics in various parts
of the Carpathians: 1 — 1-20, 2 — 21-45, 3 — 46-55, 4 — 56-60, 5 — 61-65
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Fig. 15. Endemic and subendemic species in single Carpathian ranges (Mirek and Pi¢kos-Mirkowa
1992b). A — pan-Carpathian endemics, B — West-Carpathian endemics, C — East-Carpathian
endemics, D — species endemic to the Tatras or Pieniny Mts. Mountain ranges and their location
on the map: 1 — the Tatras, 2 — the Pieniny Mts., 3 — Wzniesienie Gubalowskie,

4 — Babia Gora, 5 — Gorce, 6 — Pas Skalicowy, 7 — Dzialy Orawskie, 8 — Pilsko,

9 — Polica, 10 — Wielka Racza, 11 — Beskid Wyspowy, 12 — Beskid Sadecki,
13 — Beskid Maty, 14 — Slone Mts, 15 — Bieszczady

Studies on the synanthropic flora of the Tatras and adjacent territories
deserve separate mention. These studies (Radwanska-Paryska 1963, Pigkos-
Mirkowa and Mirek 1978, 1982; Mirek and Pigkos-Mirkowa 1984, 1987) allowed
for the determination of regularities in the horizontal and vertical distribution
of alien species, in their routes of migration and rates of spread and in the
degree of establishment and the threatposed to indigenous flora. It was
found, for instance, that Epilobium ciliatum, an American newcomer, had
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Fig. 16. Altitudinal differentiation of the mean upper forest limit in relation to various aspects
(compiled from Sokotowski 1928); a — Siwy Wierch massif, b — the Eastern Tatras, c — the High
Tatras, d — the Bielskie Tatras

already succeeded in making hybrids (sometimes triple) with almost all
indigenous species. In the longer term this may lead to permanent “littering”,
of the gene pool of all native representatives of the genus. Also, as a result
of meadow and pasture experiments from the beginning of this century,
some alpine species settled for good in the Tatras.

Monographic studies have been devoted to the upper forest limit, and to
its types and course in the whole Tatras (Sokotowski 1928). Earlier, the
average course of the tree line in relation to exposure in various parts of
the Tatras had also been described (Fig. 16). Special attention was paid to
the phenomenon of its particular elevation through the existence of a mini-belt
of arolla pine-spruce-larch forest, and its lowering (along with the lowering
of all vegetation belts) in places locally conditioned by the climate, e.g. the
so-called Mt. Sarnia Skata phenomenon (Sokolowski 1928, Pieko$ 1968). The
structure of spruce forests and spruce biogroups at the upper limit of the
forest (Fig. 17) have been studied, as has the connection between these
phenomena and snow cover (Myczkowski 1955, 1972). The occurrence of
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y stocked stands of the upper montane belt,

, C — subalpine (dwarf pine) belt (redrawn from Myczkowski 1972)

Fig. 17. Vertical and horizontal projections of Picea abies biogroups typical of: A — dense forest in full
B — open forest at the upper forest limit

33

http://rcin.org.pl



wind-trained forms of spruce in relation
= to the predominating wind directions has
also been investigated (Fig. 18) (Soko-
towski 1928). Special studies were
Q devoted to the phytoclimate of the sub-
y alpine belt (Ermich 1957, Klein 1967),
and the fluctuations of the tree line and
climate in the Holocene (Fig. 19) have
been studied on the basis of deposits from
o . high mountain lakes and peat-bogs
! (Krupinski 1983, Obidowicz 1975) and
A through dendrochronological studies (for
youngest periods — Bednarz 1984).
Pioneering European studies of veg-
» ? etation were carried out in the Tatras,
e R in the period 1922-1927 by scientists from
< | Cracow botanical school led by W. Szafer
= 7 'y and B. Pawlowski, who applied the
Braun-Blanquet method. All the more im-
(= portant plant associations were char-
» acterized then and maps of the most
0 i @ interesting places were prepared. For the
» first for science time many associations
» » 8 or higher phytocenotic units were
o ® described for science. In the post-war
period studies began with a view to
» recognizing the different groups of
4 b4 associations and preparing detailed
vegetation maps of various regions.
Special studies were focused on soils
Fig. 18. Wind-trained forms of spruce and communities of semi-natural moun-
at the upper forest limit indicating 2 .
predominating wind directions tain meadows and pastures (Pawlowski,
(from Sokolowski 1928) Pawlowska and Zarzycki 1960), on forests
(Zarzycki 1983), synanthropic communities (Balcerkiewicz 1978, Mirek and
Skiba 1984) and on high mountain vegetation (Balcerkiewicz 1984). Detailed
phytocenotic, soil, and floristic studies on the vegetation of pasture clearings
have been done recently and have included, among other things, detailed
vegetation and soil maps at the scale 1 : 2500 which have been prepared
in manuscript form for 110 Tatra clearings by Mirek, Holeksa, and Miechowka.
The usefulness of these studies should be stressed, as they are employed
to establish the methods of the active protection of semi-natural meadow
ecosystems. Special studies have been devoted to synanthropic communities
and separate studies have also been done on high mountain communities
with a predominance of lower plants (Motyka 1924, Lisowski 1966, Olech
1985, Balcerkiewicz 1984). In the interwar period there also appeared papers
on some phytogeographical or ecological problems, e.g. on a climax association
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Fig. 19. Changes of the upper forest limit during the late glacial and the Holocene
(from Krupinski 1983): 1 — in central European mountains, 2 — in the Polish Tatras,
Y.D. — Younger Dryas, AL. — Alleriéd, BL. — Bolling

in the alpine belt of the Tatras (Pawlowski 1935) and on the origin of subnival
vegetation in the Tatras (Pawlowski 1929). Several papers on the relation
between the acidity (pH) of soils and various associations in the Tatras
were published in the 1920s by J. Wlodek and K. Strzeminski. They were
supplemented later by a series of papers on mycotrophism in plant com-
munities in various vertical belts (Dominik and Nespiak 1953; <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>