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CURRENT RESEARCH TRENDS IN MOUNTAIN BIODIVERSITY IN NW EUROPE

covers vast areas by forming carpets up to 30-40 cm thick (BJARNASON,
1991). This moss is also common but grows smaller on rocks elsewhere in the
northern mountains and is most prominent in oceanic montane heaths and on
drier parts of ombrotrophic mires. The Racomitrium lanuginosum - Carex
bigelowii community is the most extensive near-natural alpine plant
community in Scotland (THOMPSON & BROWN, 1992).

Racomitrium is an important indicator of the emission and deposition of
nitrogen compounds. These emissions are a potentially acute environmental
threat for montane ecosystems, which consist of species adapted to low
nitrogen supply (BADDELEY et al., 1994). Particularly worrying in this
respect is that although levels of SO,, another serious air pollutant have
fallen, No_ emissions are still rising. In Britain, monitoring of montane
Racomitrium heaths has revealed their deterioration during the last 50 years
(RATCLIFFE, 1977; RATCLIFFE & THOMPSON, 1988; BADDELEY et al.,
1994), which is considered to be one of the more serious conservation issues
in the British uplands (THOMPSON & BROWN, 1992; THOMPSON &
HORSFIELD, 1997). The increase in nitrogen contents of the moss has been
strongest near urban centres, which supply the major proportion of airborne
nitrogen oxides (Figure 5). Transplant studies between sites representing
different levels of pollution and their comparisons with historical
Racomitrium samples from herbaria were used to document the importance of
atmospheric deposition in the enrichment of nitrogen to the moss
(BADDELEY et al., 1994). '

In Fennoscandia, the oscillations of vole numbers are an important
phenomenon for population ecology and have consequences for vegetation
dynamics. Annual variation in rodent numbers has been followed at several
field stations over Fennoscandia (STENSETH & IMS, 1993; HENTTONEN &
HANSKI, 1999). The longest series comes from Kilpisjarvi in Finnish Lapland
(Figure 6), where the voles of the genera Clethrionomys and Microtus oscillate
with a periodicity of 4 to 5 years.

Explanations for these fluctuations have long been sought extensively. A
common view nowadays is that these cycles are generated in a strongly
seasonal environment, where deep and tight snow cover effectively isolates
wintering microtines from their generalist predators. Seasonality directs the
rapid reproduction of the voles to summer season, when food is abundant.
In these circumstances delayed density dependent predation by specialist
predators acts as a destabilising force. The mathematical models offered by
the study groups of Hanski (HANSKI et al.,, 1991; 1993) and Oksanen
(OKSANEN, 1990; OKSANEN & OKSANEN, 1992) both start from this
starting point, but else differ notably logistically and result in different
outcomes (fluctuating vs. chaotic). .
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Figure 5. Nitrogen concentration (mg g* d. w.} in Racomitrium lanuginosum
from mountain summit sites in NW Britain (from BADDELEY et al., 1994).

When the voles are taken as two «species», Clethrionomys (bank vole) and
Microtus (field vole), a predator-prey model parameterised for voles and
predatory weasels Mustela erminea L. and M. nivalis L. explains the cyclic
patterns of vole numbers (HANSKI et al.,, 1993; HANSKI & HENTTONEN,
1996, HENTTONEN & HANSKI, 1999). Hanski’s model matches the
occurrence of small rodent peaks from the year 1871 onwards in Norway
(STEEN et al., 1990).

During most of the years the dynamics appeared distinctly cyclic, with the
exception of about 20 years at the beginning of the 20th century, when the
cyclic pattern temporarily disappeared. A probable explanation for this may
be the dynamics of multi-species predator-prey assemblages. The
disappearance of cycles represents a special chaotic case, when numbers of
either one or the other vole «species» have a long-term low.

A study in Finnish Lapland which has followed vole numbers since the
early 1980s found that a large reduction in the number of the most numerous
species of the field voles (Microtus agrestis L.) caused the bank voles to become
more abundant. They also became distinctly more stable i.e. the multiannual
cycles disappeared (Figure 6) (HANSKI & HENTTONEN, 1996).
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Figure 6. Long-term rodent dynamics in northern Fennoscandia at Kilpisjarvi (pooled density
of five vole species, with the grey-sided vole dominating at 60-90% in most years). Open
symbols denote spring densities and filled symbols autumn densities (data by H. Henttonen).
One of the most characteristic feafures of the cycles in northern Fennoscandia is the synchro-
nous crashes of all rodent species (HANSON & HENTTONEN, 1985).

The advantages of using the numbers of breeding birds in environmental
studies are that sampling is relatively inexpensive and it covers many,
ecologically versatile species, with a well known ecology (TUCKER &
EVANS, 1997). Bird data are especially efficient in reflecting broad-scale
habitat changes, but difficulties easily arise due to the great mobility of birds.
In northern montane environments this factor is especially critical, because
nearly all breeding bird species are migratory. '

Rigorous censuses of breeding birds have been made in alpine habitats
and mountain birch forest in the Luvre area in Swedish Lapland for decades
(ENEMAR et al., 1984; SVENSSON et al., 1984). These studies revealed the
large year to year instability of montane bird assemblages (see also
JARVINEN, 1979), explained, in the main, by climatic reasons. Of special
value is the information on the alarming decrease of several mountain birds
that have emerged from various long-term censuses. For example, - the
population of the formerly frequent shore lark (Eremophila alpestris L.) has
crashed in northern Fennoscandia during the last 50 years so that the species
is now endangered in Finland (<10 breeding pairs) and vulnerable in Sweden
(about 500 pairs) (NORDISKA MINISTERRADET, 1995; AHLEN &
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TJERNBERG, 1996; VAISANEN et al., 1998). The reasons for this trend are not
known. The lesser white-fronted goose (Anser erythropus L.) is endangered
due to former over-hunting, which perhaps still continues in its eastern
wintering areas. It may become extinct in the Nordic countries in the near
future, despite costly attempts at saving it. The dotterel (Charadrius morinellus
L.) numbers have heavily decreased in the Finnish mountains since the 1880s
and the downward trend was especially pronounced during the 1970s (Figure
7). European dotterels have obviously suffered from over-hunting and the
use of pesticides in their wintering range in North Africa (review in SAAR],
1995), but may also be susceptible to grazing and predation in breeding areas
~ (e. g. THOMPSON & BROWN, 1992; THOMPSON & WHITFIELD, 1993).
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Figure 7. Annual totals for number of nests and broods of the dotterel, Charadrius morinellus L.
on an alpine study plot of 58 hectares at VarriGtunturi fell, NE Finnish Lapland
(from PULLIAINEN et al., 1992 and SAARI, 1995; and L. SAARI, pers. comm.).

Waders are of special value in northern mountains, because of their species
richness JARVINEN & VAISANEN, 1978). The dotterel in Scotland has been
included as an indicator of the condition of montane environments
(THOMPSON & WHITFIELD, 1993). Mountain areas where the dotterel has
had poor breeding during the last 30 years have been identified and changes in
management are sought to reduce grazing pressure by sheep and deer in those
areas. The implications of overgrazing for dotterel are an increased frequency of
trampled clutches and the transformation of its favoured mossy mountain
heaths into less optimal grassy pastures. Recently, BYRKJEDAL & THOMPSON
(1998) have discussed trends in the distribution and density of Eurasian golden
plovers, which are susceptible to predation and habitat change. ‘
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Some questions regarding long-term studies remain open. What other long-
term studies are going on in the northern mountains (review of monitoring
methods for arctic-alpine areas in OLSEN, 1995; see also GRONLUND &
MELANDER, 1995)? Have we enough, diverse and exact data from the various
mountain habitats for monitoring? What could be the role of voluntary
assistants in collecting bird (and perhaps vascular plant and lepidoptera) data?
How could the costs of data treatment and publishing of such projects be
recovered? Would funding be available for long-term monitoring of mountain
biodiversity made by professionals on keystone species?

6. The importance of protected areas for mountain biodiversity

Montane areas in the Nordic countries have been protected better than
any other major biome (BERNES, 1993; 1996), mainly because the protection
of barren land owned by the state has been «cheap». The network of
protected mountain heaths covers relatively well the range of types and
environmental variation (Figure 8). In Iceland these account for 9% (9400
km?) of the land area and in Sweden one-third (17 000 km?) of the mountain
areas. In Norway, where the majority of the Nordic mountains are situated,
about 10% have been protected. In Spitsbergen the three national parks cover
9500 km? (15%). In Finland mountain areas are few, but almost all have had
some form of protection. Large mountain regions, which are protected by
their remoteness from roads, are in a fairly pristine state in the Nordic
countries (Figure 8). '

There are problems facing the conservation of montane biodiversity in
the northern mountains. The status of a protected area may be overturned
in favour of mining, hydro-power industry or recreation interests. In
practice, the maintenance or restoration of the natural state of the protected
areas alone may be difficult to achieve. The status of the reindeer is
particularly problematic in Finland. They can freely (over)graze and cause
large disturbances in almost all protected areas. Natural food chains with
top predators cannot be formed, because the killing of predators such as
the wolf (Canis lupus L.) and the wolverine (Gulo gulo L.) by reindeer
keepers is commonplace (Figure 9) and it probably happens in protected
areas, also.

The reproduction rates of the arctic fox (Alopex lagopus L.) fluctuate widely
with the abundance of microtines, but winter populations are also highly
dependent on reindeer carcasses (ANGERBJORN et al., 1995; KAIKUSALO &
ANGERBJORN, 1995). The arctic fox has been declining probably due to
competition from the immigrating red fox (Vulpes vulpes L.) and also because
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Figure 8. Protected areas of the Fennoscandian mountains (bold borders) cover notable
proportion of mountain heaths (shaded areas) in N Fennoscandia and Iceland
(¢f. Figure 1) (from BERNES, 1993; 1996).

the larger predators are no longer supplying ungulate carcasses for the arctic
fox (KAIKUSALO & ANGERBJORN, 1995).

In the future use of protected areas for the study of biodiversity, we need
to establish how representative they are within each European mountain
area. Furthermore, a set of minimum requirements, which the protected
mountains are to fulfill, should be determined so that the original
conservation objectives are met. Finally, priorities for studies of biodiversity
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Arctic fox Wolverine

Figure 9. Present distribution and numbers of the arctic fox (left) and the wolverine (right) in
Nordic countries (The arctic fox distribution from BERNES, 1993; population
size H. Henttonen, pers. comm.; wolverine distribution from LANDA et al., 1999;
population size, I. KOJOLA, pers. comm.).

in each area are needed. Although the practical details are for national
authorities to work out, broad guidelines for planning a science policy of
mountain conservation could be formulated by an international workshop.
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