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4 BIOTIC DIVERSITY OF KARELIA: conditions of formation, communities and species

INTRODUCTION

The project ‘Inventory and study of biological diversity in the Republic of Karelia’ was initiated in 1997 by the
Karelian Research Centre, RAS, as part of a finnish-russian development programme on sustainable forest manage-
ment and conservation of biological diversity in northwest Russia. In order to carry out this cooperative venture a
research team was formed involving of some seventy-five scientists from over twenty disciplines from the Forest
Research Institute, the Institute of Biology, the Institute of Geology and the Institute of Water Problems in the North.
The studies were coordinated by the Forest Research Institute and supervised by Dr. V.I. Krutov and Dr.
A. N. Gromtsev. The project was funded by the Finnish Ministry of the Environment.

During 1997-2000 an inventory of biodiversity was performed in those parts of Karelia containing the
most valuable flora and fauna (Fig.1), the best-preserved forest, mire and aquatic ecosystems and the most
diverse biota. The research team worked 1) along the Russian-Finnish border (1997), 2) in the Karelian seg-
ment of the White Sea coast (1998), 3) in the Zaonezhye Peninsula (1999) and 4) in northern Priladozye (1999).
This work continued in Central Karelia in 2000. The inventory thus covered a large and biologically most
diverse part of Karelia.

By mid 2001 all the basic results of the 1997-2000 research had been published in four volumes containing
a total of some eight hundred pages. In particular, a map of biotic diversity was gradually drawn up for several parts
of the region. Similarly, the conditions of formation and the specific and cenotic diversity of regional biota were
quantitatively and qualitatively assessed while the consequences of anthropogenic transformation were tentatively
evaluated.

Published in both Russian and English, this monograph is an attempt to summarise all the material collected
during 1997-2000 and to analyse extensive archives for the entire region. The monograph reports the results of the
inventory of current regional biotic diversity. It consists of four interrelated chapters. Chapter 1 describes in detail the
environments in which regional biota are formed. In Chapter 2 various terrestrial ecosystems (forest, mire and mead-
ow communities) are discussed and assessed. Chapter 3 deals with the species diversity of terrestrial biota. The flora
and fauna of aquatic ecosystems are analysed separately in Chapter 4. The monograph also includes a concise glos-
sary of relevant terms.

The authors and editors wish to thank the Finnish Ministry of the Environment and the biodiversity conserva-
tion section of the development programme «Sustainable Forest Management and Conservation of Biological
Diversity in Northwest Russia», managed by the Finnish Environment Institute for financial support and scientific
cooperation during the whole investigation and monograph preparation period.

Editorial Board
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Fig.1. Areas covered by the inventory of biotic diversity of 1997-2000.




6 BIOTIC DIVERSITY OF KARELIA: conditions of formation, communities and species

1. PHYSICO-GEOGRAPHIC CONDITIONS OF BIOTA FORMATION

1.1. Climate

Karelia is located close to the northern margin of the temperate climatic belt. According to B.P. Alisov’s clas-
sification, the climatic system of the region marks a transition from a marine to a continental climate. This classifica-
tion is based on the dependence of the formation of various types of climate on general atmospheric circulatory con-
ditions. The climate of Karelia is part of the Atlantic-Arctic zone of the temperate belt. This means that air masses of
Atlantic and Arctic origin predominate all year round.

The characteristic of the region are 1) a long but relatively mild winter; 2) a late spring with frequent cold
spells; 3) a short and cool summer; 4) high relative air humidity; 5) a considerable amount of precipitation and 6)
unstable weather conditions throughout all the seasons. This pattern is a consequence of a) the characteristics of the
circulation system, b) the amount of incoming solar radiation, itself dependent on the geographic latitude of the terri-
tory, c) the proximity of the Baltic Sea, the White Sea and the Barents Sea, d) intensive cyclonic activity all the year
round, and e) a variety of highly diverse local natural features such as relief, the abundance of lakes and mires, large
forested areas etc. (fig. 2).

Precipitation. Karelia is located in a zone of excessive moistening. Its mean annual precipitation is
550-750 mm with precipitation increasing from north to south. However, the distribution of precipitation is also
greatly affected by the orographic characteristics of the country as well as the character of the underlying surface.
These factors tend to disturb the otherwise gentle gradation in variation of precipitation due to latitude . Thus, for
example, total annual precipitation decreases markedly close to the White Sea and some large lakes such as
Ladoga, Onega, Topozero (Tuoppajérvi) and Pyaozero (Paajérvi), etc.

Precipitation varies from 350-400 mm for the warm period (May-October) to 150-350 mm during the cold
period. Over most of Karelia maximum precipitation is recorded in July, August and sometimes in September, when
the monthly total varies from 70 mm in northern Karelia to 80-90 mm in other parts. Precipitation in the form of rain
makes up 60-65% of the total annual figure, solid precipitation 24-25% and mixed precipitation 10-15%.

Humidity. Average relative air humidity varies from winter to summer from 90% to 50%. A humidity
in excess of 80% is observed for an average of 150—170 days each year while values under 30% occur on only
3-9 days annually. Relative air humidity is highest during the cold period from November to January (over 85%)
and lowest in May and June. However, even for these months average monthly values do not drop below 50-55%.
During this period relative humidity in the vicinity of water bodies rises to 60% (70% on islands) in the daytime
and 80% at night. Daily variations in relative humidity are seen most clearly during the warmer half of year
(April — September). During this period relative air humidity maxima occur at 4-5 a.m. and minima at 2—4 p.m.,
the daily amplitude being 15-30%. During the winter season daily variation of relative humidity is not more
than 1-5%.

As a result of substantial cloudiness, low summer temperatures, the high percentage of forest cover and high
air humidity, Karelia lies in a zone of relatively low evaporation. Only fifty to sixty percent of atmospheric precipi-
tates falling on the surface of catchment areas is lost through evaporation. The amount of moisture evaporating from
the surface of soils decreases from south to north from 420 to 310 mm annually.

Winds. Southerly, southwesterly and westerly winds prevail all year round except in areas where the wind field
is distorted by local relief. Thus, for example, near Kondopoga northerly and southeasterly winds are most common
thanks to the influence of a chain of northwest to southeast oriented hills. The stability and velocity of winds depend
on the season. As horizontal pressure gradients are high, winds are at their strongest (3—4 m/s) and most stable in direc-
tion during the cold period. Average monthly wind velocities range from 4—5 m/s on the open shores of large lakes to
7-8 m/s on the islands of Lake Ladoga and Lake Onega. During the summer season wind velocities decrease to an
average of 2.5-3.5 m/s on land and 4-5 m/s on the islands. The daily variation of wind velocity is most clearly
observed during the warmer part of year, particularly from May to August. Highest wind velocities are observed dur-
ing the daytime.

Cloud cover. As a result of intense cyclonic activity significant degrees of cloud cover occur throughout the
year. Average annual cloud cover is of magnitude 7 to 8 (on a scale where 10 indicates total cover). Cloud cover is
densest during the autumn season with maximum values observed in November (magnitudes 8.8-9.2). During this
period magnitudes of 8 to 10 occur with a frequency of 83-88%. The degree of cloudiness decreases markedly by
March and average cover does not exceed 6.5 between March and July. As the sky is predominantly cloudy the
amount of sunshine in Karelia is only 34-37% of its maximum potential (41-45% in the Leningrad, Novgorod and
Pskov regions). Sunshine in Karelia displays a fairly uniform distribution pattern, increasing gradually from north
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(an average of 1560 hrs per year in Louhi) to south (1749 hrs in Sortavala). There are 140 days without sun in north-
ern Karelia and 120-130 days in other parts of Karelia. From November to January sunshine is not observed for
between 25 and 31 days each month. The number of sunny days during the spring and summer is much greater. June
has the smallest number of days without any sun (one day on average).

Temperature. Mean annual air temperature varies from 0° C in northern Karelia to 3° C in southern Karelia.
The coldest month is January (—12—-13°C in northern Karelia and —9-10° C in southern Karelia). Close to large water
bodies and on the islands of lakes Ladoga and Onega February is colder than January by an average of 0.2-0.5° C. Air
temperature falls to —40° C once or twice every ten years and to —50° C once in 80—100 years. The coldest tempera-
ture on record for Karelia (—54° C) was reported in January 1940 in the Olonets district.

The warmest month is July (14-15° C in northern Karelia and 16—17° C over the rest of Karelia). The highest
ever recorded air temperature is 36° C (July 1972, Pudozh).

The transition of mean daily temperature through zero degrees Celsius (the arrival of spring) occurs at the end of
April in northern Karelia and between 10th—15th April in southern Karelia. Mean daily temperatures above 0° C persist
for 175-190 and 190-200 days for northern and southern Karelia respectively. Cold spells are common during spring and
snow cover is occasionally formed for short periods of time. By the end of April the snow has usually melted away from
the entire territory. However, in northern Karelia snow may sometimes persist until the last ten days of May.

Summer (the stable transition of mean daily air temperatures through 10° C) arrives in late May in south-
ern Karelia and in mid-June in northern Karelia. The average duration of the summer season is 2.5-3.5 months. The
summer is both short and relatively cool. Stable periods of mean daily air temperatures higher + 15° C in northern
Karelia occur only during warm years (provision less than 50%). In Central and southern Karelia this period lasts
30 to 50 days. Autumn comes in late August in northern Karelia and at the end of the first ten-day period of
September in southern Karelia. Autumn lasts about two months.

Winter in Karelia is long although extremely cold temperatures are not common. Mean daily air temperatures
below —5° C persist for 125-135 days each year in northern Karelia and for 115-125 days in southern Karelia. There
are 70-80 and 50-60 days each year in northern and southern Karelia respectively when temperatures fall below —
10° C. There is no stable period of time with air temperatures below —15° C in Karelia. The transition of temperature
through —5° C takes place in mid-November in northern Karelia and in late November in southern Karelia. The reverse
transition occurs at the end of March in northern Karelia and between 20th—25th March in southern Karelia.

Fogs are commonplace in Karelia. They are most often caused by variations in air temperature and air humid-
ity. The mean annual number of foggy days varies from 21 in the Padany area to 81 in Olonets. During some years the
number of foggy days may reach 103. Fogs are least common between May and July (1-4 days per month) and most
common in August and October (between 5 and 9 days each).

Thunderstorms are most common during the warm period from May to August. The first thunderstorms are
very occasionally observed in April. Some years thunderstorms are reported in September and occasionally even
October. Winter thunderstorms are extremely rare. Thus, for example, between 1949 and 1990 there were just three
winter thunderstorms in Petrozavodsk (in December 1961, in January 1970 and in February 1968). Thunderstorms are
most frequent in July (4-6 days). In some years there may be up to 15—18 days with thunderstorms per month. On
average there are between 10 and 17 days with thunderstorms in Karelia each year.

Hail does not fall every year in Karelia and occurs chiefly during the warmer period (May — September).
Hailstorms are usually accompanied by strong showers, thunderstorms and squalls. The average number of days with
hailstorms per year estimated over a period of many years is 0.6-2.1. Hailstorms are most common in June. The largest
number of days with hailstorms in any one year in Karelia (8 days) was recorded in Petrozavodsk in 1950.

Snowstorms occur in Karelia from September to June. The annual number of days with snowstorms varies
from 25 to 55. Snowstorms become more frequent by the middle of the winter season and reach a maximum in
January. This pattern is due to the coincidence of intense wind activity, a peak in the rate of solid precipitation and
maximum dryness of snow. There may be up to 10—13 days with snowstorms and in some years even 20 days per
month at this time of the year. By April the frequency of snowstorms has decreased substantially to 1-3 days per
month. In northern Karelia snowstorms may occasionally occur even in June. Indeed, snowstorms were observed on
one day in June at each of the Louhi, Yushkozero (Jyskyjérvi), Kem and Padany weather stations.

Tornados are extremely rare in Karelia. One particular tornado occurred in July 1972 near Yushkozero with
wind speeds of 40 m/s recorded.

1.2. Geological characteristics

Introduction. The biodiversity of the region is significantly affected by two major factors. On moving from
south to north there is a gradual decline in both the intensity of solar radiation and the complexity of geologic char-
acteristics. Likewise, the number of species decreases considerably on moving northwards. Thus while Belovezhye
National Park in Poland (54° N) is inhabited by over 2000 vascular plant species, Lahemaa National Park in Estonia
(59° N) hosts 1200 species and the northern shores of Lake Ladoga (61-62° N) just 800 species. Only 420 species are
known in Vodlozero National Park (62—63° N) and a similar number in the Kostomuksha Strict Nature Reserve
(64° N) in Karelia while in Spitzbergen Svalbard(77-81° N) one may find no more than 150 vascular plant species.
Although species diversity clearly tends to decline towards the north certain features occur which are not due solely
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to geographic location. Thus, for example, the Paanajidrvi-Oulanka area situated close to the Arctic Circle
(66° N) has a population of some 570-580 vascular plant species — almost a third as much again as that of the
Kostomuksha Strict Nature Reserve 250—-300 km to the south. Similarly, Vodlozersky National Park has about 420 vas-
cular plant species while, just 50 km to the southeast, Kenozero National Park hosts some 700 species.

Areal non-uniformity is most apparent in the distribution of various rare species listed in the Red Data Books
of East Fennoscandia (1998) and Karelia (1995) which require good growing conditions. In the geological sketch map
(Fig. 3) dots indicate the location of 38 rare species occurring across the entire region. Certain species growing only
in the southern (e.g. Pulsatilla vernalis, Agrimonia pilosa, Ulmus glabra, Viola collina) or northern (e.g. Arnica
alpina, Cotoneaster cinnabarinus ) parts of the region are not shown.

The localities at which rare species have been found form three closely-spaced clusters. These lie on the north-
ern shores of Lake Ladoga, in the Onega synclinore and in the Paanajérvi-Oulanka area. It should be noted that these
three localities all lie on Early Proterozoic volcanic-sedimentary rocks whereas the remainder of the region is domi-
nated by Archean granite gneiss. According the Red Data Book of East Fennoscandia (1998) a lesser number of rare
plant species is known within Finnish territory. Nevertheless, their habitats are also restricted to Early Proterozoic rock
zones in synclinal structures occurring along the western boundary of the Karelian craton (near lakes Pielinen and
Oulujérvi). Thus, the geological characteristics of any given area have substantial effect on its biodiversity.

Methods. Our studies in Paanajérvi National Park (Systra, 1998) showed that biological diversity is affected
by the following geological and geomorphological characteristics of the study region: 1) the composition of the
bedrock and of the Quaternary cover; 2) relief and orientation of landforms in relation to the cardinal points; 3) the
occurrence of faults in the bedrock; 4) the occurrence of special migration corridors formed by macro-relief; 5) the
drainage properties and colour of bedrocks and Quaternary sediments.

Other authors (Avtsyn & Zhavoronkov, 1993; Bogdanovsky, 1994; Ivanov, 1994, 1996, 1997; Thornton, 1983
et al.) have performed thorough studies of various chemical elements and showed that at least thirty elements must be
present in the environment in the required concentrations in order for biota to exist and evolve normally. Eleven of
these elements (C, H, O, N, Ca, S, P, Na, K, Mg and CI) are macrobiogenic while sixteen others (I, Cu, Zn, Mn, Co,
Ni, Mo, As, B, Se, Cr, Fe, V, Si, F and Sn) are microbiogenic. The physiological role of both the above mentioned and,
indeed, all other elements is poorly understood. It is obvious, however, that biological life forms cannot diversify with-
out a large-scale consumption of accessible macro- and trace elements from the upper part of the Earth’s crust
(Ecological.., 2000).

The influence of various geological factors on biodiversity was studied with regard to the geochemical charac-
teristics of unevenly aged geological complexes located in Karelia and in adjacent territories. Lists of vascular plants
and rare species from different localities were compared, links between rare species and rock composition studied, and
geological and geochemical differences between localities differing in biodiversity identified.

Thus, for example, Cypripedium calceolus (L.) is restricted to carbonate rocks in northern Karelia, in the
Kukasozero (Kuukaisjérvi) syncline and on the southern shore of Lake Tikshozero (Tiiksijarvi). These two sites are
almost 30 km apart and the plant has not been found at other locations nearby. The carbonate rocks of the Kukasozero
syncline comprise marine sediments while those from Lake Tikshozero are of Tikshozero magmatic carbonatite. Thus,
the presence of a source of carbonate material is more important than the origination of the source.

Geological and geochemical characteristics of the study region. Karelia is situated in the southeastern part of
the ancient Precambrian Fennoscandian shield (Fig.2). The part of the shield studied contains three large northwesterly
oriented structural zones, namely, 1) the Karelian craton in the centre, 2) the Belomorian fold belt to the northeast and
3) the Svecofennian fold terrane to the southwest of the craton (Geology of Karelia, 1987; Systra, 1991 etc.).

The exposed part of the Karelian craton is 600 km long and 300 km wide. Its southeastern end plunges under
Vendian-Paleozoic sedimentary cover. The craton has a two-storey structure. Its Archean basement is composed of
Early Archean gneiss, granite gneiss and migmatite. These are cut by long, narrow greenstone belts consisting of Late
Archean volcanic-sedimentary rocks. The second storey is formed by an Early Proterozoic folded volcanic-sedimen-
tary cover which escaped erosion only in the deep-seated cores of synclines.

Archean and Proterozoic rocks vary greatly in geochemical characteristics. Silicon dioxide makes up 60-75%
of Early Archean gneiss, gneissose diorite and granite gneiss. SiO; is dissolved by humus acids and accumulates in
soil. Forming on such bedrock and covering over 60 % of the territory under study are acid soils poor in free Ca, Mg
and many vital trace elements. Such zones are distinguished by the predominance of pine stands or mixed forests and
the presence of typical taiga vegetation. Plants that require fertile soils and rare plant species are absent.
Heterogeneous, highly metamorphosed gneiss and amphibolite zones are found in granite gneiss near Lake Kuito and
to the northeast of Lake Vodlozero. These contain higher percentages of heavy metals and trace elements which occur,
however, within silicate minerals and are not, therefore, readily available to the biota.

Narrow Late Archean greenstone belts are composed of sedimentary and volcanic rocks. These include high-
MgO rocks, rocks rich in carbonate material as well as in B, As, Mo, Fe, Cr, Mn, Cu and many other elements.
Associated with these rocks are deposits and occurrences of iron, molybdenum, gold and sulphide ores, etc. There the
geochemical environment is more conducive to biota. However, botanists have not yet studied the zones where the
above-mentioned rocks are exposed, e.g. Hizovaara Hill, lakes Keret and Tikshozero, the Hautavaara syncline, etc.
Forests are dominated by spruce and grasses are more varied (the herb cover is richer in terms of species composi-
tion). Areas covered by greenstone belts are smaller than those occupied by granite gneiss.
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Fig. 3. Scheme showing the geological structure of the southeastern part of the Fennoscandian shield and the distribution of
rare plant species listed in the Red Data Books of East Fennoscandia (1998) and Karelia (1995). Species
which occur only either in the northern or southern parts of the study region are not shown.

1 = Early Archean gneissose granite, gneissose diorite and granite gneiss; 2 = Early Archean gneiss, migmatite and amphibolite; 3 = banded
gneiss, amphibolite and migmatite (Belomorian fold belt); 4 = Late Archean greenstone belts; 5-6 = Early Proterozoic folded cover of the Karelian
craton: volcanics (5) and sedimentary rocks (6); 7 = flyschoidal sediments (Svecofennian fold terrane); 8 = layered peridotite-gabbronorite mas-
sifs; 9 = gabbro-alkaline massif; 10 = granite; 11 = Vendian-Palaeozoic platform cover; 12 = major fault zones; 13 = habitats of rare species. KC
= Karelian craton; BFB = Belomorian fold belt; SFT = Svecofennian fold terrane. Single-digit numbers indicate: 1 = Paanajirvi-Oulanka area;
2 = Quluyjérvi area; 3 = Kostomuksha Reserve; 4 = Vodlozero National Park; 5 = Kenozero National Park; 6 = Onega synclinorium; 7 = Northern
Priladozhye; 8 = large Burakov layered peridotite-gabbronorite massif. Three-digit numbers indicate the number of vascular plants found.
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The Early Proterozoic folded volcanic-sedimentary cover has only survived in the form of a number of relict
zones. These are located 1) along the Karelian craton boundary in the Paanajérvi-Oulanka area; 2) in the Kainuu schist
belt near Lake Oulujérvi; 3) on the northern shores of Lake Ladoga; 4) in the Windy Belt synclinorium; 5) in the Lehta
structure; 6) in the Yangozero, Onega and Haikola synclinoria located in the central part of the Karelian craton; as well
as in the Voloma, Segozero, Suojérvi and Chirka-Kem synclines and in certain smaller structures (Systra, 1991). These
volcanic-sedimentary rocks are more diverse in composition. Felsic, intermediate and mafic volcanics, quartzite, sand-
stone, carbonaceous rocks and shungite-bearing black schists etc. are all of common occurrence. Associated with them
are complex U-V, titanic iron and copper ores, base-metal occurrences, etc. The rocks typically contain high percent-
ages of Ca, Mg, heavy metals and trace elements (Golubev & Systra, 2000). In the central parts of the large Kuolajarvi
(Paanajarvi-Oulanka area) and Onega (Zaonezhye Peninsula) synclinoria as well as along the northern shores of Lake
Ladoga, where the glacier moved over Proterozoic rock for a lengthy period of time, moraine and other Quaternary
deposits are constituted mainly from local material.

The above mentioned deposits gave rise to near neutral soils that contain almost all the vital macro- and micro-
biogenic elements. The soils in the Zaonezhye Peninsula, for example, are rich in mobile Mn, Zn, Cu and Mo as well
as having the highest percentages of Co, B and Se anywhere in Karelia (Trace elements in Karelia, 1973; Chazhengina
et al., 1985 and others). Some Zaonezhye rocks and soils are rich in V and Cr while others have high percentages of
U and some rare elements. Some elements often occur in concentrations that exceed the HAC (highest allowable con-
centration) for agricultural soils. However, no physiological or morphological changes attributable to the high con-
centrations of chemical elements have been observed.

The Belomorian fold belt is dominated by biotite, amphibole-bearing and aluminous gneisses with up to 200
metre thick interbeds of amphibolite. The gneisses are similar in composition to those of the Karelian craton and the
soils that rest on them are lacking in almost all the biogenic elements. Richer soils are formed on amphibolite and on
small massifs made up of gabbronorite and other mafic magmatic rocks that generally cover small areas (mafic rocks
are magmatic rocks which contain about 50% of Si02). Small-scale rare element anomalies are occasionally encoun-
tered around pegmatite veins. The dependence of soil composition on bedrock is still poorly understood and no botan-
ical studies have been carried out.

The western White Sea region consists of a gently undulating plain. Weathering and soil formation processes
are slow here owing to the cooling effect of the White Sea. Furthermore, moraine has been repeatedly outwashed dur-
ing the evolution of the glacial lake and the White Sea during and after glacial retreat. Between the towns of Kemi and
Louhi coastal terraces of rounded boulders are common in upland locations of up to 137 metres above sea level. These
are especially distinctive on sites of large-scale forest fires.

Rocky forest-tundra usually forms a 50 to 150/200 metre wide strip in the open coastal zone. Arctous alpina
and various other typical tundra plants are encountered. Coastal forest usually consists of a narrow tundra forest zone
formed by low flag-shaped trees with branches growing in the direction of the prevailing onshore wind. Bedrock expo-
sures covered only by mosses and lichens are abundant in the shore zone. Trees grow only in narrow depressions along
fault zones which typically vary from one or two kilometres to tens of kilometres in length, have a width of between
15 and 200 metres and occur as depressions 15/20 to 75/100 metres in depth. Hard crystalline rocks are highly frac-
tured in fault zones and are altered to tectonic breccia in the central parts of the zones. Joints are often filled with low
temperature minerals such as quartz, iron hydroxides, epidote, chlorite and calcite, etc. There are numerous springs of
poorly mineralised groundwater which circulates in fault zones. In spite of the low concentrations of nutrient forming
mineral matter some more demanding plant species grow well there.

Deep depressions in large dislocation zones are often protected against cold winds and have microclimates of
their own. Trees growing in such valleys warmed by the sun along the Karelian White Sea coast near the Keret
Archipelago reach heights of over 30 metres high whereas those in the coastal zone are typically 8—15 metres in
stature. Also conducive to plant growth are the long light summer nights and the presence of the sea which accumu-
lates heat during the summer. Thus, the monks of the Solovets Monastery were able to grow a variety of crops, veg-
etables and even apples.

The Svecofennian fold terrane is formed of heterogeneous, unequally metamorphosed Early Proterozoic sed-
imentary and volcanic rocks which appear in crops along the western and northern shores of Lake Ladoga. They are
geochemically similar to the Early Proterozoic flded cover of the Karelian craton. Near the village of Ruskeala, where
marble has been mined for over 250 years, carbonate rocks cover a large area. The geochemical characteristics of vol-
canic and sedimentary rocks contribute to the species diversity of the local flora.

Owing to the rugged relief of the region with its southward sloping hills protecting the Lake Ladoga basin
against cold winds, many plants grow well here. The northern shores of Lake Ladoga and the Onega synclinore pos-
sess the greatest number of vascular plant species (more than 800) in the region.

The Platform Cover occupies a small area at the southeastern end of the region and is composed of Vendian-
Paleozoic sandstone, limestone, marl and clay, as well as other sedimentary rocks not subject to metamorphism. This
so-called platform is almost perfectly level, its inclination towards the south-southeast being only about three metres
per kilometre. The sediments present are not as strong as Early Proterozoic sediment. At the boundary between the
Fennoscandian shield and the Platform Cover the geochemical environment changes dramatically. Occurring among
Devonian and Carboniferous sediments are large quantities of limestone and marl enriched in Mg, Ca and trace ele-
ments. The vegetation becomes noticeably more lush and species diversity increases markedly. This appears to offer
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an explanation as to why the number of vascular plant species is much greater in Kenozero National Park (about 700)
than in Vodlozero National Park (about 420).

Thus, the composition of bedrock and presence of all necessary biogenic elements are of crucial importance for
biodiversity.

Other geologic characteristics affecting biodiversity. The physical-mechanical properties of rocks, the ori-
entation of geological structures and a network of faults in the Earth’s crust all affect the formation of relief and the
orientation of landforms. Thus, for example, faults in bedrock contribute to groundwater circulation, the composition
and drainage properties of Quaternary deposits are related to the diversity of mire communities, and the colour of
bedrock and soils is important for accumulating solar heat. All these features are determined according to the geolog-
ical peculiarities of the area.

Relief and orientation of landforms. Karelia is located in North Europe between 61° N and the Arctic Circle
and displays a gentle hilly relief resulting largely from ancient Precambrian geological processes. Large water bodies
such as Lake Ladoga, Lake Onega and the White Sea are situated close to the Precambrian Fennoscandian shield mar-
gin. The altitudes of adjacent territories lie between a few metres and tens of metres above sea level. The greatest alti-
tudes are reported from the northwestern part of the region, i.e. from Paanajdrvi National Park and Maanselka Ridge,
where 1) the central portion of the Fennoscandian shield is sharply uplifted and 2) intrusive magma rocks are of great
mechanical strength. Nuorunen Hill (5§76 metres above sea level) and Méntytunturi Hill (550 metres) are built of gran-
ite while the hills of Kivakka (499 m) and Pyainur (486 m) comprise large layered peridotite-gabbronorite massifs.

In the West Karelian Upland only some hills and ridges exceed a height of 400 metres while the highest point
of the Olonets Upland reaches 313 metres. However, in the north even such small differences in altitude have a marked
effect on microclimate. Frosts occur much earlier at elevated locations than on the shores of Lake Onega. Altitude is
also important for aboriginal vegetation. Thus, southern species inhabit south-facing slopes and deep valleys whereas
northern species persist under favourable conditions on cold north-facing slopes and in shady valleys. The most reveal-
ing example of this is the Lake Paanajérvi area where the east-west oriented lake basin cuts almost 500 metres into the
surrounding rock. Protected against northerly winds, air temperatures in the valley of —50-55° C are not uncommon
during the winter season. In summertime the dark steep rocky cliffs enclosing the valley create a type of greenhouse
effect causing air temperatures several degrees higher than on the surrounding uplands. Lily of the valley (Convallaria
majalis), nectarberry (Rubus arcticus) and other southern plants grow and bear fruit there. However, at an altitude of
450 metres above sea level where the treeless rocky mountain-tundra zone begins typical tundra plants such as
Phyllodoce caerulea (L), Loiseleuria procumbens (L), and Diphasiastrum alpinum (L) occur.

The orientation of landforms is important for the formation of various microclimatic conditions and, conse-
quently, for biodiversity. Most of the large folded and ruptured structures extend towards the northwest. Cases of east-
west orientation have only been recorded at the central part of the western shores of the White Sea and at Paanajérvi-
Kuukaisjarvi zone while north-south oriented structures are most commonly encountered in southern Karelia. Fault
scarps occur on uplands and on the shores of large water bodies. Often consisting of a number of steps, some of these
may be up to ten and more kilometres in length and a hundred metres in height.

Northern and northeastern slopes are exposed to northerly winds but also receive less warmth from the sun.
Because the climate is always wet and cool here the slopes are typically inhabited by mosses, lichens and northern vas-
cular plant species which are not found on southern and southwestern slopes and scarps. Microclimates are most severe
in deep, narrow faults and valleys where snow does not disappear completely until mid-summer. Springs with water
temperatures as low as +3.5-4° C occur in many places. Northern lichens growing in such valleys have only been
found in the Kostomuksha Reserve and mosses on the northern shores of Lake Ladoga.

Warm south-facing slopes, especially south-facing scarps, have an altogether different microclimate even in
northernmost parts of Karelia. Exposed to the sun and protected against winds, the sixty metre high Ruskeakallio cliff
overlooking the northern shore of Lake Paanajérvi is heated to +35° C and consequently only a few drought- and heat-
resistant species such as Gypsophila fastigiata, Draba cinerea, and Asplenium ruta-muraria can survive there.
According to V. B. Zimin some southern bird species have found good nesting sites on the south-facing slope of
Kivakka Hill.

Fault zones as conduits for groundwater. Fault zones are important both as relief-forming factors and as
areas of strongly fissured rocks mineralised by low-temperature hydrothermal minerals such as quartz, carbonates,
iron hydroxide, epidote, chlorite and others. Due to glacial erosion the rocks occurring in the central part of
Precambrian crystalline blocks are fresh and of very low porosity. Processes of jointing and weathering occurred
more intensively in fault zones and led to an induced porosity of the rock.. Thus areas occur with hydraulic conduc-
tivities ten to a thousand times greater than that of adjacent rocks. This causes a greater infiltration of atmospheric
precipitation into the bedrock and allows the formation of conduits for water movement along the faults. Springs usu-
ally discharge near to fault scarps or on slopes. Groundwater dissolves and carries away a number of mineral nutri-
ents required by plants. Even granite rocks occurring along fault zones support a richer vegetation than do non-fis-
sured outcrops. A wide diversity of rare plant species characterise small mires located close to springs. This is espe-
cially the case if the surrounded bedrock contains sufficiently carbonaceous material. Commonly ten or more rare
species may be found at such locations. Most large mires in the region also derive some of their water from ground-
water sources discharging along fault zones in the bed of the mire. The territory of Karelia is covered by a thick net-
work of fault zones (Systra, 1991).
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Migration corridors. Only one effective and well-developed migration corridor is known within the region.
This is the 75 km long River Olanga — Lake Paanajarvi — River Oulankajoki valley. (Hautala, Rautiainen, 1998). This
river system cuts across the Maanselka Ridge, the highest points of which rise up to 400-600 metres above sea level.
The system begins at just over 200 metres above sea level on the western side of ridge. From here it, nevertheless,
flows eastwards via Lake Paanajérvi (136 metres) into Lake Padjarvi (Kuma Reservoir, 109 metres) which discharges
into the White Sea near the town of Kandalaksha. There are major differences between the plant, bird and animal pop-
ulations of the Atlantic western and Arctic eastern slopes of Maanselka. Significantly, over the last years certain new
species of birds and plants have been found on both sides.

Colour of the bedrock. Shungite-bearing soils on the Zaonezhje Peninsula are black in colour and therefore
warm up more quickly than do the light coloured sandy soils found elsewhere in Karelia. Many types of rock such as
gabbro, diabase, amphibolites, slates and schists are dark in colour and this influences the microclimatic conditions of
a number of locations near lakes Ladoga, Onega, Paanajérvi and Segozero, as well as on the southern slopes of numer-
ous hills.

Conclusion. The great geological diversity of Precambrian rock, their physical-mechanical properties, miner-
al and chemical compositions, the availability of important nutrients in bedrock and soils, hilly relief and the absence
of large water bodies together constitute an advantageous geological environment for the development of biodiversi-
ty in Eastern Fennoscandia. More detailed study of bedrock-soil-plant-animal systems is required in the future. Many
uncharted sites possessing favourable geochemical environments may yet reveal new habitats of rare species and a rich
biodiversity.

1.3. Geomorphological characteristics

Introduction. The geological and geomorphological structure of the region has contributed greatly to the for-
mation and Late Pleistocene and Holocene evolution of its present-day landscapes. Unlike the extensive Russian plain
rimming it on the east, southeast and southwest, Karelia has a structural pattern all of its own which owes itself to 1)
the exposure of ancient crystalline rocks, 2) the predominance of uplands, 3) a specific type of neotectonic movement
along rejuvenated old faults responsible for the block structure of the relief, 4) repeated glaciation during the
Quaternary period and 5) the transgressive-regressive evolution of water bodies during the postglacial period.

Thus the present-day relief of Karelia has formed as a combination, on the one hand, of preglacial denudation-
tectonic landforms and, on the other, of glacial, postglacial erosional and accumulative landforms. The first type of
relief arose from the selective denudation of old crystalline rocks and a shift in altitude of individual rock blocks
caused by neotectonic movement. The second type resulted from the geological activity of ancient ice sheets, glacial
meltwater, and periglacial lake and sea basins (Fig. 4). The Quaternary deposits which rest on crystalline rocks are
dominated by various types of glacial, glacifluvial, lacustrineglacial and lacustrine sediments (for more details see the
section entitled ‘Quaternary deposits’). Various genetic types of relief occur in Karelia in complex combinations and
the Quaternary cover is structurally heterogeneous.

The formation and evolution of landscapes is profoundly affected by the layering of relief, the horizontal and
vertical ruggedness of the terrain, the prevalence of one or other type of landform, and the thickness, lithological com-
position and type of Quaternary sequence.

The occurrence of neotectonic highs varied in intensity from one part of Karelia to another. As a result three
regional denudation steps, or storeys, were formed in its relief, the peak plains of their watersheds differing markedly
in altitude. These consisted of an upper storey with an average altitude of watershed surfaces at 250—-350 metres above
sea level, a middle storey with altitudes of 140—160 metres and a lower storey at 100—120 metres. An important fac-
tor in the evolution of natural landscapes is the horizontal and vertical ruggedness of the surface. Horizontal rugged-
ness indicates the extent of drainage. The extent of horizontal ruggedness is given by what is known as the rugged-
ness index. Values in Karelia vary from 0.128 to 0.270 and may be divided up into three categories: high
(0.220-0.270), moderate (0.151-0.168) and low (0.128—-0.130). Vertical ruggedness indicates the depth with which
streams cut into the surface of the terrain as well as the relative height and occurrence of slopes. Vertical ruggedness
indices for Karelia vary from between 20 and 250 metres and may also be subdivided into three categories: high
(100-250 metres), moderate (60—90 metres) and low (20—50 metres).

The most common genetic types of relief are 1) denudation-tectonic, 2) glacial accumulative (morainic plains)
and 3) abrasion-accumulation aqueoglacial (lacustrineglacial, marine and lacustrine plains). Linear accumulation com-
plexes are represented by end morainic ridges and radial glacifluvial ridges. The former are associated with interlobate
accumulative elevations indicating the boundaries of ice lobes at different glacial stages while the latter take the form
of eskers, often in association with deltas. The landforms of the region differ morphologically. According to their out-
lines in plan view, denudation-tectonic landforms may be categorised as isometric (blocky and hilly) or linear (ridge
complexes). They may also be classified as large, medium or small. Some areas within morainic plains have undulat-
ing or hilly surfaces while others contain drumlin fields with linear ridges.

Some genetic types of relief occur in combinations. As a rule one type dominates over a large area with other
types occurring less frequently. The upper storey of the earth surface is dominated by denudation-tectonic landforms
while morainic plains and eskers are less common. In the middle storey morainic plains prevail and denudation-tec-
tonic landforms appear less often. In the lower storey aqueoglacial abrasion and accumulation plains are widespread.
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Both the layering and ruggedness of the relief have a strong bearing on the lithological composition, character
and thickness of the unconsolidated cover. In the upper storeys and in areas with highly rugged surfaces the sedimen-
tary cover is thin and broken at locations where denudation-tectonic scarps occur on accumulation plains. In the mid-
dle and especially lower storeys the cover is predominantly continuous.

The thickness of the Quaternary deposits varies from 2-3 to 60—120 metres and is divided into 1) thin (1-10
metres), 2) medium (10-30 metres) and thick (40—120 metres). The Quaternary cover varies not only in thickness but
also in sequence structure. Depending on the number of lithological types of discontinuous rocks, sequences fall into
three groups which reflect the geological and lithological heterogeneity of the cover: I) monogenetic, II) bigenetic and
IIT) polygenetic (Barkanov, 1967; Lukashov, 1976; Trofimov & Fadeyev, 1982). There is only one lithological type of
rock in a monogenetic sequence while bi- and polygenetic sequences contain two or more interlayering rock types
respectively. The thickness of a sequence usually depends on its type. The thickness of the cover and the predominant
type of sequence involved are of great importance for the evolution of soil cover and the extent of moistening and
paludification of an area. Based on all these factors Karelia may be geomorphologically classified and subdivided into
provinces and subprovinces.

Geomorphological provinces are distinguished according to the layering of relief, the degree of surface
ruggedness and the dominance or secondary dominance of one or other type of relief. Subprovinces are distin-
guished on the basis of differences in surface ruggedness, in the morphology of denudation-tectonic and accumu-
lative landforms, the continuity of the unconsolidated cover, variations in the thickness of sediments and the
prevalent type of sequence.

Geomorphological classification. In terms of geomorphological structure Karelia may be divided up into five
geomorphological provinces (GP): 1) North Karelia, 2) Central Karelia, 3) White Sea Province, 4) West Karelia and
5) South Karelia. Each, in turn, falls into a number of subprovinces (Fig. 5), the main geomorphological characteris-
tics of which are shown in Table 1.

The topographic pattern of the provinces is as follows:

1. The North Karelian GP lies in northwestern Karelia and covers the most uplifted area of Karelia (upper
storey of relief). Average absolute altitudes of watershed areas vary from 190 to 350 metres above sea level. The high-
est individual massifs include Nuorunen (576 m), Lunas (497 m), Pyainur (488 m) and Kivakka (500 m), (Biske,
1959). Since in terms of peak plain altitude they resemble low mountain areas they also exhibit vertically zoned veg-
etation. The surface of the province is slightly rugged horizontally and highly rugged vertically. Denudation-tectonic
landforms are extensive while fragments of undulating morainic plains are less common. The Quaternary cover is dis-
continuous and varies in thickness from 0.5 to 6 metres. The province is morphologically subdivided into two sub-
provinces: 1a) Lunas and 1b) Pistojérvi. These differ slightly in terms of the altitude of watersheds, extent of vertical
ruggedness and succession of large ridge-block relief by a block-ridge landform.

2. The Central Karelian GP is located in the centre of the region and consists of middle storey relief. It
has a relatively level surface with low degrees of horizontal and vertical ruggedness. This province is charac-
terised by a relatively large number of large lake basins (Topozero, Pyaozero, Ondozero, Segozero, Vygozero,
etc.). Morainic plains make up the predominant landform. The province falls into two morphological sub-
provinces: 2a) Shombozero and 2b) Ondozero. Absolute altitudes of watersheds decline from subprovince 2a
towards subprovince 2b with drumlin fields on morainic plains giving way to hilly terrain and the sedimentary
cover becoming more continuous.

3. The White Sea GP is restricted to the Karelian and Pomor White Sea coasts. It is a paludified coastal low-
land with lacustrineglacial and marine accumulation plains. Lower storey relief is widespread, its surface being high-
ly rugged horizontally and slightly rugged vertically. The province falls into three subprovinces displaying widely dif-
fering characteristics: 3a) Engozero, 3b) River Kuzema and 3c) Kolezhma.

The Engozero subprovince is the most uplifted and rugged part of the coastal lowland, maximum altitudes
of watersheds lying at 40—110 metres above sea level. Horizontal ruggedness is high and vertical ruggedness
low (15-30 m). Small to medium-sized denudation-tectonic ridges are the predominant landform, fragments of sub-
marine plain in lows between ridges being less common. The 0—6 metre thick layer of sedimentary cover is mainly
discontinuous and displays the Type I sequence.

The relief of the other two subprovinces is flatter with lacustrineglacial and marine accumulation plains preva-
lent. The sedimentary cover is more continuous, its thickness ranging from 5-10 to 20-30 metres.

4. The West Karelian GP is the most complex orographic province in Karelia. It consists of three ranges of
large ridges which together form the West Karelian Upland. The province is restricted to the upper topographic storey
although absolute watershed altitudes and incision depths vary from area to area. The province falls into three sub-
provinces: 4a) Tikshozero, 4b) Maslozero, and 4c¢) Koitajoki.

The Tikshozero subprovince is located in the northern part of the West Karelian province. Its watersheds lie at
altitudes of 160—280 metres above sea level and are moderately rugged. A large-scale block-ridge denudation-tecton-
ic landform predominates. Morainic plains with drumlin fields and eskers occur less frequently. The subprovince also
contains two belts of end-morainic ridges formed during the Rugozero and Kalevala glaciation stages. The 1-6 metre
thick sedimentary cover is discontinuous and is of Type I sequence.

The Maslozero subprovince is the most orographically conspicuous part of the West Karelian Upland. It con-
tains three systems of ridges with the highest watershed altitudes of Western Karelia (220-345 metres) as well as a
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Fig. 5. Geomorphological scheme of Karelia

1 = boundaries of provinces; 2 = boundaries of subprovinces; 3 = numbers of provinces; 4 = numbers of subprovinces.
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lable |
Major characteristics of geomorphological provinces
Storey . Extent of Type of
! . Vertical L
Provinces and (Upper/Middle/ | Horizontal ruggedness of | Dominant type of Associated type of continuity of sequence
. Lower) and ruggedness . . sedimentary cover | of uncon-
subprovinces . surface and relief relief ’ .
absolute altitudes | of surface |. . . and dominant solidated
of watersheds incision depth thickness deposits
Province 1 Upper Low High Denudation-tectonic |Undulating morainic Largely
North Karelia 200-350 m plain discontinuous
cover
la. Lunas 350 m 0,130 130250 m |Large ridge-block 0,5-6 m I
1b. Pistojarvi 200 m 0,130 m 70-190 m  |Large block-ridge 0,5-6 m 1
Province 2 Middle Moderate Low Glacial Small to medium-
Central Karelia 112-160 m scale hilly
2a. Shombozero 112-160 m 0,160 18-48m  [Morainic plain with [Small ridge-hilly Discontinuous I
drumlins cover
1-10 m
2b. Ondozero 136-160 m 0,160 Low Hilly plain morainic |Medium-scale ridge Predominantly ITand II
20-51 m continuous
1-8m
3. White Sea Lower High Aqueoglacial and Small ridge-hilly
province 23-110m marine plains
3a. Engozero 40-110 m 0,220 Low Denudation-tecto-nic |Lacustrineglacial and | Predominantly 1
15-30 m  |and medium-scale to |marine plains discontinuous
small ridge 0-6 m
3b. River Kuzema 70-110 m 0,220 Low Lacustrineglacial and |Individual denudation-| Predominantly Iand II
11-18 m  |marine plains tectonic ridges and continuous
hills in coastal zone 5-10 m
3c. River 23-40 m Low Low Marine accumulative |Fluvioglacial massifs Continuous I
Kolezhma 0,126 9-18 m plain 20-30 m
Province 4 Upper Moderate Variable |Denudation-tectonic (Morainic plain Predominantly
West Karelia 170-345 m discontinuous
4a. Tikshozero 160-282 m 0,160 Moderate |Large ridge-block Morainic plain with Discontinuous 1
0-70 m drumlins and eskers 1-6 m
4b. Maslozero 220-345 m 0,160 High Large-ridge Morainic plain with Discontinuous 1
80-235m drumlins 1-6m
4c. Koitajoki 170-182 m 0,160 Low Hilly morainic plain (Medium-scale ridge, Locally Iand II
30-60 m  |with drumlins and small ridge-hilly discontinuous
eskers 3-6m
Province 5 Lower, locally | Moderate | Varies from |Varies from one Varies from one Variably
South Karelia middle area to area [subprovince to subprovince to another continuous
another
Sa. Priladozhye Lower High Moderate  |[Medium-scale ridge |Undulating morainic Discontinuous Iand II
60—-100 m 0,245 30-75m |and ridge-hilly plain with marginal 1-5m
ridges and
aqueoglacial plain
5b. Olonets Lower Moderate Low Lacustrineglacial and |Eskers and end Continuous Tand II
2641 m 0,157 10-17 m _ |lacustrine plains morainic ridges 20-40 m
Sc. Syamozero Lower Moderate Low Interlobate Hilly morainic plain, Continuous I, II and III
108-138 m 0,157 19-57m  |accumulation uplands [eskers 20-40 m
and lacustrineglacial
plains
5d. Mashozero Upper Moderate Moderate  |Hilly morainic plain [Medium-scale ridge Predominantly I
120-180 m 0,157 45-75 m  |with ice terminal relief continuous
formations
Se. Zaonezhye Lower High Low Medium-scale ridge |Morainic plain with Locally Iand II
60—-107 m 0,270 26-38 m eskers and discontinuous
lacustrineglacial plains 1-5m
5f. Shala Lower Low Low Lacustrineglacial and [Hilly morainic plain Continuous I, II and III
42-80 m 0,128 12-25m __|lacustrine plain with end moraines 10-60 m
Sg. River Vyg Lower Moderate Low Hilly morainic plain |Medium-scale to small| Predominantly ITand II
135-160 m 0,160 25-60 m  |with interlobate ridge relief continuous
accumulation uplands 1-8 m
Sh. Windy Belt Middle High Moderate |Large ridge Morainic plain with Locally I, II and IIT
117-145 m 0,200 40-65 m terminal glacial discontinuous
formation 5-10m
5i. Vodlozero Lower Low High Hilly morainic plain |Interlobate Continuous I, IT and IIT
140-160 m 0-130 60—-80m accumulation upland, 20-60 m
marginal morainic
ridges and eskers
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high degree of vertical ruggedness (80-235 metres). Large ridges are the predominant landform while morainic plains
with drumlin fields are more scarce. The 1-6 metre thick sedimentary cover is discontinuons and displays only the
Type I sequence.

The flattest part of the province is Koitajoki. This subprovince is dominated by morainic plains with drumlin
zones and esker ridges. Its 3—6 metre thick sedimentary cover is continuous. Both Type I and Type II sequences are
found here.

5. The South Karelian GP. In geomorphological terms this is the most complex province in Karelia due to
the presence of Ladoga and Onega, the two largest lake basins in the region, together with the markedly elevated
Ladoga-Onega and Onega-White Sea watersheds. The accumulation landform present includes almost all the major
genetic types known in Karelia. In addition to lacustrineglacial and morainic plains the province has belts of end
morainic ridges, large interlobate accumulative elevations and esker-deltaic complexes. Interlobate elevations associ-
ated with terminal glacial formations are characteristic (Fig. 1) and occur as uplifted massifs with relative altitudes of
up to 120 metres. The largest elevation at Sumozero covers an area of 3750 km2. These elevations display a complex
relief and are composed of some 80—100 metres of glacial and glacifluvial deposits (Lukashov & Ekman, 1980). On
the basis of geomorphological characteristics the province may subdivided into nine subprovinces: 5a) Priladozhye;
5b) Olonets; 5c) Syamozero; 5d) Mashozero; 5e) Zaonezhye; 5f) Shala; 5g) River Vyg; Sh) Windy Belt; and 5i)
Vodlozero.

5a. Priladozhye. This subprovince falls into three zones. To the north of the lake basin is an area dominated
by block-ridge denudation-tectonic relief. The watersheds here lie at 60—120 metres above sea level and are the high-
est within the subprovince. The surface of this zone is highly rugged horizontally and moderately rugged vertically
(60—80 metres). In western Priladozhye, close to the state border, lies a large complex of end morainic ridges and
glacifluvial deltas which formed during the Salpausselka stage I and have relative altitudes of 30—40 metres. The
northern end of the Ladoga lake basin is characterised by a skerry and fjord type coastline. Fragments of lacus-
trineglacial and morainic plains make up an associated relief. The 1-6 metre thick sedimentary cover is largely dis-
continuous and is formed from both Type I and Type II sequences.

The subprovinces 5b Olonets and 5f Shala have much in common. They cover an area of lowland close to the
lakes Ladoga and Onega and containing extensive lacustrineglacial and lacustrine accumulation plains.

5c. Syamozero. This subprovince contains a variety of interlobate accumulative elevations and is restricted to
lower storey relief. Its surface is moderately rugged horizontally and only slightly rugged vertically. The 20-40 metre
thick sedimentary cover is continuous. All three types of sequence occur here.

5d. Mashozero is a large elevated subprovince embracing the Olonets Upland. The upland peak plane com-
prises upper storey relief (120—180 metres above sea level). Moderate horizontal and vertical ruggedness is character-
istic. The predominant landform is a hilly morainic plain with a belt of terminal morainic ridges. Denudation-tecton-
ic ridges are less common. The 3—10 metre thick Quaternary cover is mainly continuous.

Se. Zaonezhye encompasses the Zaonezhye Peninsula in Lake Onega and the zones that adjoin it on the west-
ern side. It comprises lower storey relief with peak plain altitudes of 60—107 metres above sea level. The surface is
highly rugged horizontally but only slightly rugged vertically. A clearly ridge denudation-tectonic (selga) landform
predominates. This takes the form of alternating long, narrow, steeply sloped ridges and the linear depressions which
separate them. These depressions are filled with water from the bays of Lake Onega and from other lakes. Hilly
morainic plain with esker ridges and glacifluvial deltas as well as lacustrineglacial and lacustrine accumulation plains
all occur to a lesser degree. The 1-5 metre thick sedimentary cover is discontinuous.

5g. The River Vyg subprovince lies to the south of Lake Vygozero in the lower storey of relief . Its watersheds
lie at 135-160 metres while vertical ruggedness is 25—60 metres. The predominant landforms are hilly morainic plains
and interlobate accumulative elevations. Small to medium-sized denudation-tectonic ridges occur to a lesser extent.
The 1-8 metre thick sedimentary cover is mainly continuous.

5h. The Windy Belt forms a range of low forest-covered hills with peak plain altitudes of 117—145 metres
above sea level (these are high values for this part of Karelia) which therefore correspond to middle storey relief. The
surface is highly rugged horizontally (0-200 metres) and moderately rugged vertically (40—65 metres). A morainic
plain with an interlobate accumulation upland and marginal morainic ridges makes up the predominant landform. The
5-10 metre thick sedimentary cover is locally discontunuous.

5i. Vodlozero is from a morphological point of view quite remarkable. It consists of a hilly plain with a rela-
tively high degree of vertical ruggedness. Interlobate accumulative elevations, hilly morainic plains and marginal units
are common. The sedimentary cover is continuous and has a thickness of up to 60 metres.

The geomorphological environments of Russian Karelia and Finland: a comparative assessment. A num-
ber of similarities and differences between the geomorphological environments of Karelia and Finland have been iden-
tified. A large part of Finland lies in the upper storey of relief with absolute watershed altitudes estimated at 325-762
metres above sea level. Vertical ruggedness in Finland is higher (95-155 metres) than the average for Karelia. Middle
and lower storey relief is restricted to the coastal zones of the Gulf of Bothnia and the Gulf of Finland. However, unlike
Karelia, widespread lacustrineglacial and marine plains do not occur in the lower storey. Aqueoglacial accumulation
and morainic plains alternate with denudation-tectonic landforms.

The major genetic types of denudation-tectonic and accumulation relief of the two countries are similar with
the following exceptions. Denudation-tectonic landforms with almost no quaternary cover are more common and
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extensive in Finland than in Karelia. Similarly, esker ridges are longer and more common in Finland. Indeed, of the
20 000 km of eskers in the two countries some 70% of these lie in Finland. Drumlin fields on morainic plains are larg-
er in Karelia. Finland has no Late Pleistocene ice-marginal zones with characteristic large and high interlobate eleva-
tions. Furthermore, the sedimentary cover in Finland is thinner and less continuous over large areas.

One of the most important geomorphological provinces in Finland is Greater Saimaa. This is a complex sys-
tem of numerous lakes which covers a huge area. Its surface is highly rugged both horizontally and vertically, and dis-
plays a complex combination of denudation-tectonic, glacifluvial and glacial accumulation landforms and end-
morainic ridges (Niemela at al., 1993).

Comparison of geomorphological provinces with the spatial distribution patterns of principal types of land-
scapes (Gromtsev, 2000) shows that provinces with relatively uniform geomorphological characteristics contain sim-
ple landscape environments. Correspondingly, the more contrasting the combinations of various geomorphological
characteristics the more diverse the types of landscapes occurring.

1.4. Quaternary deposits

Introduction. The biodiversity of an area depends on its climatic, geological and geomorphological conditions
and their Quaternary evolution. During the Pleistocene epoch global climatic changes repeatedly triggered large scale
glaciations which transformed the earth surface, relief, surface deposits, lakes and rivers. During the late glacial peri-
od plant and animal communities reinvaded land freshly exposed in the wake of the retreating ice. The distribution
pattern of these communities was largely dependent not only on palaeoclimatic but also on geologic and geomorpho-
logical conditions affecting moisture and heat supply, soil formation patterns, the composition of underground and sur-
face water as well as the hydrography. Biota was most diverse at climatic optima during interglacial periods when the
level of the global ocean rose and sea water flooded the edges of continents.

Thus, global climatic changes triggered global geological processes such as ice sheet formation and marine
transgressions which shifted climatic belts and vegetation zones on the planet. Entirely new plant and animal species,
e.g. the so-called mammoth fauna, emerged and vanished. Drastic changes in drainage systems gave rise to long dis-
tance migration and mixing of fish fauna.

At regional and local levels smaller scale climatic changes which occurred during glacial and interglacial peri-
ods also had a considerable effect on the formation and evolution of landscapes and biodiversity.

Karelia is a model province in terms of the effects of major continental glaciation. Various types of glacial and
glacifluvial deposits together with the landforms built up from them are well preserved here. They provide the basis
for the formation of modern landscapes. The stadial degradation of the last Scandinavian ice sheet and associated large
periglacial water bodies, such as the Baltic Sea, the White Sea and Lake Onega, is reflected in the compositionally and
structurally differing lithomorphological complexes of glacial and glacifluvial deposits that we find today. Multiple
climatic changes gave rise to the present biodiversity of the region.

Structural characteristics of the Quaternary cover. The structure of the Quaternary cover of Karelia has
been described by many authors (Biske, 1959; Ekman & Iljin, 1995; Niemela et al., 1993). Therefore, let us here
briefly discuss only its major features.

The Quaternary cover is dominated by the glacial and glacifluvial deposits that formed mainly on Precambrian
bedrock during the last Late Valdayan (Weichselian) glaciation. They are locally overlain by younger lacustrine,
marine, alluvial and aeolian sand-clay material and peat deposits. The average thickness of Quaternary cover in
Karelia is 7—12 metres. Some large territories, mainly areas of bedrock scarp or zones significantly affected by lake,
sea or river erosion, have either 1-1.5 metre thick drift deposits or no drift at all. The Quaternary cover increases in
thickness to 20—60 metre in active glacial (end moraines, ice-divide uplands) and glacifluvial (esker ridges, glaciflu-
vial deltas and kames) accumulation zones. Lacustrine sand-clay sediments and peat deposits commonly vary in thick-
ness from a few metres up to fifteen metres.

In southern and eastern Karelia drill holes penetrated Early, Middle and Upper Pleistocene glacial and glaciflu-
vial deposits separated by marine and continental sand-clay material deposited during interglacial periods. At these
locations the Quaternary cover has a total thickness of 120150 metres.

Characteristic of surface deposits and the sequential landforms they compose is a fan-shaped form, very dis-
tinct in plan view, inherited from the last ice sheet. Extensive glacial depressions and long, narrow interlobated zones
make up these radial mesoforms of relief. Concentric mesoforms are represented by five belts of varying age.
Composed of end moraines these show the position of the retreating ice margin (Fig. 6).

The Quaternary cover of Karelia may be subdivided into a number of principal lithomorphological complexes.
Differences in the composition of their constituents and relief are largely responsible for the diversity of ecosystems
in the region. The formation of these complexes was profoundly affected by the palacoglaciological pattern of degra-
dation during the most recent glaciation and associated ice-dammed lakes. It was also influenced by an intricate inter-
action of climatic factors as well as the composition and relief of the glacier bed.

Glacial depressions occur as large morainic, often drumlinised plains which succeeded ice flows and lobes.
They typically occupied large low-lying locations in the crystalline basement restricted to the present day Lake Onega,
Lake Ladoga and White Sea basins. The thickness of the basal till that built up glacial depressions was affected
by bedrock topography, ice accumulation patterns and the presence of unconsolidated Upper Valdai deposits on the
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Fig. 6. Structure of the Quaternary cover in southeastern Fennoscandia
(after I. Ekman, V. Iljin and A. Lukashov)

Symbols: 1 = morainic plains; 2 = ice-divide accumulative elevations and hilly moraines (1 = Vokhtozero, 2 = Veshkelitsa,
3 = Vodlozero-Urok, 4 = Andoma, 5 = Vodlozero, 6 = Volozero, 7 = Sumozero, 8 = Solovets); 3 = large bedrock uplands
(I = Olonets, II = Windy Belt, III = Yangozero); 4 = major ice-divides; 5 = silt- and clay-dominated glacial-marine, marine
and lacustrineglacial plains; 6 = lacustrineglacial and lacustrine plains predominantly composed of sand and silt; 7 = out-
wash sandy plains; 8 = eskers and glacifluvial deltas; 9 = ice-marginal positions (V-K = Vepsovian-Krestets stage, ~ 16 000
years ago; Lg = Luga stage, ~ 13—14 000 years ago; Nv = Neva stage, 11 80012 5000 years ago; Ss I = Salpausselka I,
11 30010 800 years ago; Ss II = Salpausselka II, 10 600—10 200 years ago); 10 = existing (NP) and proposed (PNP) nation-
al parks and landscape reserves (LR): 1 = Paanajirvi NP, 2 = Kalevala PNP, 3 = Kostomuksha Strict Reserve, 4 = Tuulos
PNP, 5= Tolvajarvi LR, 6 = Koitajoki PNP, 7 = Soroksky LR, 7 = Kozhozero LR, 9 = Kenozero NP, 10 = Vodlozero NP
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glacier bed. During the early stages of deglaciation the glacier slid over thick Quaternary and Palacozoic sand-clay
deposits in southern and southeastern Karelia. The glacier eroded and redeposited them as a 15-20 metre thick, boul-
der-poor till which covered the rugged preglacial land surface. In the final stages of glaciation continental ice advanced
across erosion-resistant Precambrian granite and gneiss — an environment conducive to the formation of a 3—6 metre
thick layer of sandy and gravel till. Here the till cover displays a mosaic pattern and is fragmented by numerous
bedrock scarps. Drumlin ridges varying in length from tens of metres to several kilometres were generated by thin ice
flows moving actively along the glacier bed. Till varies in thickness from three to five metres in between drumlins to
at least 20 metres in large drumlins.

Morainic plains, especially interdrumlin lows, are usually paludified. Illuvial-humus and illuvial-ferruginous-
humus soils combined with peat bog soils are common. Growing on them are pine and spruce-pine forests. In small
lakes formed on the morainic plains atmospheric nutrition prevails and the water is poorly mineralised. Bottom sedi-
ments in small lakes are dominated by sapropel which occurs either as an organogenic type or as a mixture of the
remains of aquatic organisms with traces of minerals. Rivers flowing through boulder-rich morainic plains have only
low flood plains and rapids, their bottom deposits commonly consisting of coarse, clastic channel-alluvium facies.

The diverse rock and mineral content of till and other Quaternary deposits reflects the complex composi-
tion of the bedrock across which the ice moved. Thus, for example, in localities where carbonate rocks are common
such as southeastern Karelia, the Paanajérvi area and some parts of the Yangozero structure, calcareous sapropel is
deposited in small lakes. Relatively fertile sod-lithogenic soils are widespread on shungite and mafic rocks in the
Zaonezhye Peninsula. Glacial depression landscapes formed by drumlinised morainic plains are very common. They
were produced in the final phases of glacial waning when the ice moved across Precambrian crystalline rocks. In west-
ern Karelia such areas are found in the proposed Tuulos and Kalevala national parks and in the vicinity of the
Kostomuksha Strict Reserve. Formed during the final stages of glaciation esker ridges, glacifluvial deltas and small
periglacial water bodies are also characteristic.

Glacial depressions generated in the early stages of glacial retreat typically host large water bodies, such as
lakes Ladoga and Onega, or are subdued by younger limnoglacial, lacustrine or mire sediments. Fragments of a gen-
tly sloping hilly morainic plain resting on a rugged preglacial bed occur in the northern (Arkhangelsk) part of
Vodlozero National Park.

The structural characteristics of aqueoglacial deposits of widespread occurrence in glacial depressions are dis-
cussed below.

Ice-divide zones are formed by 1) large scale bedrock scarps which controlled the direction of ice flows and
lobes in the final stages of deglaciation and 2) large accumulation ridges and elevations generated at points of contact
between ice flows moving in different directions.

Large bedrock scarps have either a 1-3 metre thick Quaternary cover or no cover at all. They are predominantly
overlain by thin local till containing considerable volumes of boulders and blocks of local rocks, and by eluvial-
deluvial coarse rock debris produced by frost weathering. A most scenic example of this type of landscape may be
found on top of Vottovaara, the highest mountain (417 metres above sea level) in the West Karelian Upland. Here deep
glacial erosion generated thin localised layers of till formed by clusters of local quartzitic sandstone boulders and
blocks measuring 3—4 metres. Sand particles were washed out and blown away during late and post-glacial periods
while the disastrous earthquake which occurred some 9 000 years ago removed all sand-gravel particles from the till.
These events gave rise to a unique landscape formed by seid-like clusters of boulders and blocks. In the northern part
of Vodlozer National Park eluvial-deluvial coarse rock debris occurs in the branching Windy Belt range.

Structurally, ice-divide accumulative elevations are the most complex lithomorphological forms of glacial
relief. They are formed from glacial deposits and sandy-clay sediments of aqueoglacial genesis. They vary in size
from 150 km2 (Veshkelitsa and Vodlozero uplands) to 2000 km2 (Sumozero Upland). Their Quaternary deposits are
at least 80 metres thick. Ice-divide accumulative elevations are characteristic of areas where the ice retreated during
the early stages of the last glaciation. They are widespread along the periphery of the final ice sheet all the way from
the Baltic Sea to the White Sea. This partly explains why an areal deglaciation pattern prevails in the early stages of
glacial waning. At that time tremendous volumes of ice at the periphery of the glacier were breaking off from the
retreating ice margin and took hundreds or even thousands of years to melt. At the same time, however, unconsoli-
dated preglacial deposits in central and western Karelia were not large enough to lead to large scale landforms dur-
ing the last glaciation.

During the final stages of glaciation a thin glacier advanced across Precambrian erosion resistant crystalline
rocks. Radial ridges composed of approximately 20 metres thick till or fluvioglacial material formed at the points of
contact of the inequidirectional ice lobes of the glacier.

Ice-divide accumulative elevations typically occur as a complex combination of hills and ridges differing in
shape and height. They result from both the dynamic impact of the active glacier and the melting of blocks of ‘dead
ice’. Many small water bodies were located in ice-divide elevations which became freed of ice during the Vepsovian
(Andomian and Kenozero) and Luga (Vodlozero and Sumozero) stages. Lake sedimentation in these water bodies did
not begin until the Early Holocene. The ice took four to five thousand years to melt during the late glacial time, a peri-
od of cold climate and developing permafrost. The resultant elevation relief is both vertically and horizontally rugged
and consists of an alternation of hills and ridges composed of till and well drained sand-gravel deposits. The numer-
ous lakes and swamps formed in topographic lows present unusual profiles. The mosaic pattern of relief causes
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differences in the moisture and heat supply between the different parts of uplands and consequently affects soil for-
mation, paludification and the structure of the vegetative cover. A typical landscape of ice-divide accumulative eleva-
tions was produced by an alternation of ridges, ring eskers and morainic and sand hills in the southern Soroksky
Landscape Reserve close to the southwestern coastline of the White Sea shore and in the Vodlozero Upland near the
southern boundary of Vodlozer National Park.

Marginal glacial deposits. There are five belts of uneven age formed by ice-marginal deposits that mark the
retreating glacier margin from the Vepsovian stage (~ 16 000 years ago in southeastern Karelia) to the cold final
Salpausselka stage II (10 200years ago in western Karelia). The marginal formations produced during the early stages
of glacial waning (Vepsovian-Krestets and Luga) are largely composed of kames, clayey kames (zvontsy) and hilly
moraines generated by large scale ice melting. The marginal deposits formed during the Vepsovian-Krestets stage in
southeastern Karelia and in adjacent parts of the Arkhangesk Oblast are up to 20 km wide and over 40 metres thick.
The landscapes of this zone are fairly similar to the ice-divide uplands mentioned above and occur as an irregular alter-
nation of sand and morainic hills and ridges which differ in both height and shape and are separated by lows occupied
by lakes and swamps. A typical accumulation relief sculptured by the large scale melting of ice is to be found in
Kenozero National Park and in the Kozhozero Landscape Reserve near the eastern border of Karelia.

The marginal formations constructed in the final (Salpausselka I and II) stages of glaciation are thinner. In west-
ern and central Karelia they occur as series of push end-morainic ridges that extend for hundreds of metres, reach up
to 20 metres in height and vary in width from tens to hundreds of metres. Their distal parts are often adjoined by
glacifluvial deltas and sandy outwash plains, their size and thickness depending on the bedrock relief which controlled
the flow of meltwater from the ice margin.

Lacustrineglacial and glacial-marine plains. Large parts of glacial depressions are overlain by deposits
formed in periglacial basins that existed near the ice margin. The largest of these were hosted by the present Lake
Ladoga, Lake Onega and White Sea basins and by adjacent lowlands. The area and depth of the basins, together with
the composition and areal distribution of their deposits, were determined by preglacial relief, the position of the ice
margin, changes in runoff thresholds in the course of ice melting and glacio-isostatic crustal uplift.

Periglacial basin deposits are composed of homogeneous or varved clay which formed at depths of over 20
metres as well as arenaceous sediments that accumulated in the littoral zone of lakes. They are commonly three to
seven metres thick but in some areas such as the lower River Kemi and the Kumsa reservoir their thickness increases
to 20-25 metres. Periglacial water body sediments commonly cover glacial and bedrock relief and contribute to palud-
ification. Bog humus and peat soils, combined with sod-podzol-gley soils, evolve on aqueoglacial clay and silt
deposits. Growing on them are paludified birch-spruce and spruce-pine green-moss forests. Lacustrineglacial plains
are most common along the White Sea, Onega and Ladoga lake shores and in the lower stretches of the Vodla and
Shuya rivers. A landscape of swamps and paludified forests on an old lacustrineglacial plain characterises most of the
River Ileksa basin in Vodlozer National Park.

In the highly rugged bedrock topography of northern Priladozye the granitic domes of the crystalline basement
tower over the flat surface of lacustrineglacial plains. Rivers occurring on thick deposits of aqueoglacial sand-clay
form well-developed valleys with two or three terraces above the flood plain. Further downstream they slow to form
meanders and oxbow lakes. Typical examples are the Koitajoki and Luovenjoki river valleys in the proposed Koitajoki
National Park, the Vodla river valley between the city of Pudozh and village of Krivtsy, and the lower stretches of the
River Shuya close to its point of discharge into Lake Onega near Petrozavodsk.

Esker ridges are of widespread occurrence. They were mostly generated during the final stages of glaciation
when the active glacier was sliding across tough crystalline Precambrian rocks. Rugged bedrock topography and vig-
orous ice melting during the warm Allerod period and the Pre-Boreal period contributed to the predominance of a lin-
ear pattern of glacifluvial accumulation. Forming in tunnels under the ice and in ice cracks were vigorous meltwater
flows which gave rise to systems of esker ridges commonly combined with glacifluvial terraces and deltas. These esker
ridges are several kilometres in length and vary in height from 20 to 60 metres. Groups of eskers typically form large
scale glacial meltwater discharge systems (e.g. the Uksa, Boyarskaya and Yangozero systems) that extend for hundreds
of kilometres. Karelia has over four hundred esker ridges with a total length of about 6 400 km. 75% of these ridges
were formed in Allerod time, the warmest interstadial in the late glacial period. Kame fields, clayey kames (zvontsy)
and large lacustrineglacial basins were the dominant landforms produced in earlier stages of deglaciation in south-
eastern Karelia. This suggests that an areal rather than linear character of aqueoglacial accumulation prevailed. The
total length of esker ridges in southeastern Karelia accounts for only ten percent of all ridges in Karelian eskers.

The thickest and most typical esker ridge systems occur in the Tolvajarvi Landscape Reserve. In Paanajarvi
National Park a thick glacifluvial system stretches from the eastern margin of Lake Paanajdrvi eastwards as far as Lake
Pyaozero (Paajérvi).

Glacifluvial deltas formed close to the retreating ice margin in the zone where meltwater flowed into
periglacial water bodies. Glaciofluvial deltas in central and western Karelia cover areas of between several hectares
and several square kilometres, their sand-pebble-boulder constituents varying in thickness up to 20—30 metres. It often
took hundreds of years for deltas to form at locations where huge glacial meltwater discharge systems flowed into large
water bodies, by which time the ice margin had retreated far away from the proximal margin of the delta. Such deltas
are called extramarginal. Unlike common glacifluvial deltas that formed near the ice margin these extramarginal deltas
are composed of finer sand and extend over 20-30 km2. Their sand deposits are 50-60 metres thick. One such extra-
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marginal delta is located on the north shore of Lake Pyaozero. Here a large glacifluvial system stretched along the
present-day Oulankajoki — Lake Paanajirvi — Oulanka river system and flowed into the ancient White Sea basin.
Another extramarginal delta of similar structure and size occupies the isthmus between lakes Palyeozero and
Sundozero. It was formed at the point where the main meltwater discharge system flowed down the Suna river valley
and the Gimoly lake basin into Lake Onega.

(Sand) outwash plains are of widespread occurrence in western Karelia. They formed near the melting ice
margin during the Salpausselka stages I and II . Similar landforms occur near the western boundary of Vodlozer
National Park where they are associated with marginal deposits generated during the Luga glacial stage.

All the above glacifluvial complexes are built up of sand, gravel and pebble deposits that are over 10—15 metres
in thickness and possess good filtering properties. Resting on them are organically poor surface-podzol soils. The
forests that grow on these soils are dominated by green moss pine stands. Rivers usually develop well defined valleys
in sand sequences with meanders, oxbow lakes and two or three terraces above the flood plain. Where lacustrineglacial
sand plains, outwash plains and extramarginal sand plains are common, sand is commonly transported and deposited
by the wind to form dunes. Lakes are often nourished by highly mineralised underground water which contributes to
the evolution of diatoms and the deposition of diatomites.

Late Pleistocene evolution of Karelia. Here we outline the main geologic events of the last global climatic
cycle which gave rise to the present environment and biogeocenoses found in Karelia.

The Mikulino Interglacial Period (130-115 thousand years ago). About 130 000 years ago the penultimate
ice sheet had melted in the mountains of Scandinavia and a climatic optimum of the Pleistocene epoch, known as the
Mikulino Interglacial Period, took hold. After the waning of the Moscow (Saale) Glaciation tremendous volumes of
meltwater and an glacioisostatic sagging of the territory triggered a large scale sea transgression. This is known as
‘Boreal’ in the Arctic Ocean basin and ‘Eemian’ in the Baltic Sea basin. In northern Karelia and on the Kola Peninsula,
where the degree of downwarping caused by the Moscow ice shield was at its greatest, transgression reached the pres-
ent-day hypsometric level of 100—120 metres and in southern Karelia of about 60 metres. The White Sea was con-
nected through the Ladoga, Onega and Vyg basins to the Baltic Sea. The shells of Mutilus edulis L., Tellina baltica L.,
Tellina calcarea Chemn., Leda pernula Mill, Portlandia (Yoldia) arctica Grey and Cardium ciliatum Fabr., as well as
those of the foraminifers Buccella ex gr. Frigida, Elphidium subclavatum, E. ex Gr. Subarcticum, Cibicides ex gr.
Rotundatus and Protelphidium orbiculare (Geology of Karelia 1987) found in marine clay drilled near the shores of
Lake Onega and in the White Sea-Baltic Sea Canal area suggest that the climate was then warmer than now. Sea relics,
such as sea sculpin (Myoxocephalus quadricornis onegensis), Limnocalanus, higher Crustacea (e.g. mysids) and
amphipods (Gammaracanthus, Pallacea and Pontoporea) were found in many water bodies that formed part of the
boreal sea (Fig. 7) (Lakes of Karelia, 1959). Subsequent glacial advance ousted relict fauna southwards along the
Vytegra-Kovzha and Volkhov-Lovat river systems to the extraglacial zone where periglacial water bodies with
environments differing from those found today were prevalent. As the ice began to melt and the periglacial Onega,
Ladoga and White Sea lakes gradually formed, the water bodies of Karelia became recolonised.

Maximum boreal transgression overlapped the climatic optimum of the Interglacial Period. Pollen and spore
analysis of Karelian Interglacial deposits reveals a plant succession from Arctic desert and tundra (late stages of the
Moscow Glaciation) to birch and pine stands (early stage of the Mikulino Interglacial Period) and coniferous-broad-
leaved forests (climatic optimum), followed by the culmination of broad-leaved tree species such as oak, elm, hazel,
lime, and hornbeam (Devyatova, 1972).

As a result of glacioisostatic crustal uplifting in the latter half of the Mikulino Interglacial Period the sea strait in
the Onega-Segozero watershed area dried up. Later on freshwater bodies began to evolve in the Onega and Ladoga basins.

The abundance of dark-coloured Mikulino marine bituminous clay in the northern part of Lake Onega and
along the White Sea-Baltic Sea Canal also affected the composition of younger Valdai and Holocene deposits.
Redeposited sea shells are commonly found in glaciofluvial deposits close to Medvezhyegorsk. Ferrous-rich black and
dark grey sapropels with a characteristic hydrogen sulphide odour often occur on the Zaonezhye Peninsula and in the
Onega-Segozero watershed. According to I. Ekman (1995) their formation was the result of a number of factors
including the presence of Mikulino black marine clay.

The Valdayan (Weichselian) Glaciation originated in the highlands of Norway about 115 000 years ago.
Cold maxima occurred 90 000 and 60 000 years ago. During the latter the eastern front of the Scandinavian glacier
covered Finnish Lapland while the southwestern boundary of the Kara ice sheet extended along the Kuloi Plateau and
the eastern coast of the Kola Peninsula. There exists no well-documented evidence for Early or Middle Valdai glacia-
tion in Karelia. The Scandinavian glacier margin presumably overlapped northwestern Karelia and periglacial condi-
tions with tundra and forest-tundra landscapes dominated most of the region. Pollen records from interglacial deposits
near Petrozavodsk lead to the conclusion that 30 000—45 000 years ago there was no ice in southern Karelia and that
pine and birch forests mixed with broad-leaved species prevailed (Geology of Karelia, 1987). About 25 000 years ago
Late Valdayan global cooling allowed the continental ice sheet to advance into the northern Russian plain. During
maximum glaciation some 17 000-20 000 years ago the Scandinavian ice sheet boundary extended roughly along the
Smolensk-Vologda-Mezen line.

The ice began to recede from Karelia approximately 16 000 years ago during the Vepsovian-Krestets stage (see
Fig.1). Marginal deposits of this age extend from the Andoma Upland across southeastern Karelia as far as the Lake
Kenozero area in the Arkhangelsk district. Areal type deglaciation prevailed during this period. During the subsequent
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Luga stage of glacial retreat (13 000—14 000 years ago) marginal deposits rimmed the Olonets Upland in southern
Karelia and the Windy Belt Range in eastern Karelia. Being far from the centre of ice sheet the peripheral portions of
the ice lobes gradually lost contact with the retreating ice. Thereafter they remained melting slowly for thousands of
years. Vast fields of dead ice were formed in eastern Karelia near Kolodozero and in the vicinity of the Andoma,
Sumozero, Vodlozero and Volozero uplands. In southern Karelia similar deposits were generated on the Urok Ridge
and in the Olonets Upland. During this period large periglacial water bodies were formed in the Ileksa and Vodla river
basins, in southern Lake Onega and, more recently, in the southern Shuya Lowland. It seems that this was the time
when cold-resistant fish species started to reinvade Lake Onega which was then part of the Volga river basin.

During the cold Neva stage of glaciation (12.5-11.8 thousand years ago) ice lobes occupied the Ladoga and
Syamozero basins as well as most of Lake Onega and the White Sea. As a result of climatic warming which occurred
during the Allerod period (11 800—11 300 years ago) the structure of the ice sheet and environmental conditions changed
considerably. Meltwater flowing from the rapidly downwasting glacier surfaces spread across the land to form hundreds
of intricate glaciofluvial systems. In the large Ladoga, Onega and White Sea basins the water level rose and the ice lobes
began to rise to the surface and detach as icebergs. A cutting type (i.e. in which ice first broke off from the main gla-
cier and then melted in isolation) of deglaciation predominated at these localities. At Lake Onega, for example, the ice
retreated at a rate of 25 km per hundred years (Demidov, 1997). It therefore took hundreds of years for the ice margin
to recede 200-300 km, during which time the upper surface of the lobe-shaped ice sheet became smoother.

This period of time also saw the birth of large periglacial water bodies. Their sand-clay deposits persist on the
shores of lakes Ladoga and Onega and in the Shuya, Vodla, Olonka and Onega river basins. At the same time ice was
retreating from the vast territories which extended from northern Priladozhye to the Onega Bay section of the White
Sea. Morainic plains with numerous esker ridge systems formed in these localities.

During the Allerdd period plant and animal communities reinvaded the newly deglaciated land surface. Thin
birch forests predominated in western Karelia while in southern and southeastern Karelia the percentage of spruce
pollen rose to 36% (Yelina, 1981). Communities were forming in spite of the cooling effect of the ice sheet as well as
the existence of large dead ice and permafrost fields. The migration and mixing of ichthyofauna were favoured by 1)
a considerable increase in the area of water bodies, 2) permanent alterations in their configurations and runoff thresh-
olds, 3) the connection of Lake Onega with Lake Ladoga through the River Svir and, more recently, with the White
Sea through the Onega-Segozero Strait and 4) the White Sea basin is free from glacier ice.

Cooling during the Late Dryas period caused the glacier to advance during the Salpausselka I and II stages and
the ice margin advanced into western and northern Karelia. This brought about changes in both flora and fauna. The per-
centage of woody species in pollen and spore spectra for this period drops to 19-31%, with dwarf birch making up about
30% of this figure. Tundra and forest-tundra landscapes dominated in southeastern Karelia (Yelina, 1981). During the
Late Dryas period ice blocked the straits connecting the Baltic Sea with the Atlantic Ocean to form the ice-dammed Baltic
Lake. Its waters penetrated the Lake Ladoga basin and flooded coastal lowlands to almost 80 metres above the present
sea level. At that time Lake Onega was still flowing out into the White Sea and was being replenished by glacial melt-
water coming from the ice margin down the Gimoly lake basin and the present-day Suna river valley. Terminal end-
moraine Salpausselka ridges and adjacent thick sand outwash plains were formed in western Karelia. The powerful
glacifluvial system discharged meltwater through the Paanajirvi lake basin into the old brackish White Sea.

The Holocene. During the early Holocene epoch (10 000 years ago) the retreating ice left the Swedish Straits
and made way for a link between the glacial Baltic Lake and the ocean. The water level dropped considerably and
Lake Ladoga began to evolve as an independent lake. By about 9 500 years ago the ice had receded from Karelia.
Glacial and glacifluvial erosion and accumulation were followed by weathering, paludification and a gradual drop in
the level of large water bodies such as the White Sea, Lake Onega and Lake Ladoga, accompanied by small scale trans-
gressions. About this same time as a result of glacioisostatic crustal uplifting the Onega-Segozero watershed was
drained and water continued once again to discharge from Lake Onega down the River Svir (Saarnisto, et.al, 1995).
This presumably caused the water level of Lake Ladoga to rise.

Rapid glacial waning and dramatic changes to the outlines and depth of periglacial water bodies contributed to
a considerable glacioisostatic crustal uplifting accompanied by a number of powerful earthquakes. Traces of these in
the form of large scale land-slips and other palacoseismic dislocations may be found in the Zaonezhye Peninsula, in
northern Priladozhye, in the White Sea region and in the West Karelian Upland (Lukashov, 1995).

It was not until the Boreal period (8 800—7 500 years ago) that substantial climatic warming began. This
reached a maximum during the Atlantic period (7 500—4 500 years ago), which constitutes the climatic optimum of
the Holocene epoch. Vigorous paludification began during the Boreal period and reached its maximum in the Atlantic
period. Mean annual temperatures then exceeded present-day temperatures by 2—5 degrees and most of Karelia was
covered by south-taiga spruce and pine forests mixed with broad-leaved species (Yelina, 1981). It was during this
Boreal-Atlantic period that early man came to settle in the region.

1.5. Hydrological characteristics
The evolution and diversity of aquatic organisms depend largely on their environment, which, in turn, depends

on the morphometric characteristics and qualitative parameters of water bodies present. Let us analyse the main char-
acteristics of the regional hydrographical network, which exert a substantial effect on the evolution of biota.
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General characteristics of environments in the hydrographical network. Karelia has a well-developed
hydrographical network, which occupies part of the White Sea and Baltic Sea basins (Figs. 8 and 9). The White Sea
portion covers 57% of Karelia and the Baltic Sea segment the remaining 43% (lakes Ladoga and Onega are not con-
sidered here). The hydrographical pattern of the region is primarily a result of its geological structure, relief, climate
and geographic position.

Geologically speaking Karelia is located on the eastern margin of the crystalline Baltic (Fennoscandian) shield,
which is dominated by Archean and Proterozoic rocks. Resting on them is a Quaternary cover composed mainly of
glacial deposits together with interglacial and postglacial deposits that vary in thickness from 0 to 110-130 metres.
Maximum thickness values occur in the southernmost part of the region.

Ancient tectonic processes followed by denudation and accumulation during the Quaternary period when con-
tinental glaciations became the dominating formative process generated major landforms. The formation of modern
relief was mainly a result of the last (Valdai) glaciation which ended as recently as 10 000—11 000 years ago. The gla-
cier brought and deposited tremendous volumes of assorted rock fragments or till. As a consequence a very specific
and extremely rugged ridge-hilly relief with absolute altitudes of not more than 200 metres above sea level was
formed. The highest altitudes of around 600 metres, e.g. Mount Nuorunen (577 metres), are to be found in north-west-
ern Karelia. Northwest oriented landforms are characteristic of southern Karelia. In the northern part of the region east
to west oriented landforms prevail while those oriented towards the northwest and northeast are less common.
Glaciations also affected the orientation of water bodies. Glacial activity and glacial waters shaped the preglacial relief
without changing its major characteristics. The results of vertical tectonic movement accompanied by the uplifting and
subsidence of the Earth’s crust are still visible today. During this period the basins of the White Sea and of Ladoga,
Onega and other lakes were formed and river valleys occupied cracks and faults.

Karelia has a temperate continental climate, which incorporates certain maritime characteristics. Thus, the
winters are long and mild while summers are short and cool. The degree of cloudiness is high and variable weather
persists all the year round. Atmospheric precipitation, evaporation and a favourable precipitation-evaporation ratio
are all of seminal importance in the formation of the hydrographic network and for the hydrology of individual water
bodies. Karelia lies in an excessive moistening zone, i.e. a relatively low proportion of total precipitate evaporates.
The climate is cool and cyclones are active throughout the year. Annual precipitation (550-750 mm) increases from
north to south.

However, as summer temperatures are cool the degrees of cloudiness and of air humidity are both high. The degree
of evaporation is relatively low, varying from 310 mm in northern Karelia to 420 mm in the southern part of the region.
Thus, only 50-60% of precipitates evaporate and the remaining portion contributes to the formation of river runoff.

Geographic position is important as the region occupies part of the White Sea-Baltic Sea watershed and lies in
between and in relatively close proximity to large base levels such as the Baltic Sea, White Sea, Lake Ladoga and Lake
Onega.

The main determinants of the hydrographic network in Karelia are thus:

— the recent geologic origin of the network;

— the proximity to the surface of crystalline rocks and the thinness of unconsolidated Quaternary deposits;

— the large number of water-filled tectonic dislocations;

— a rugged relief of glacial origin;

— high atmospheric precipitation and low evaporation;

— the proximity of the main watershed to base levels.

Brief characteristics of the hydrographic network. All the above factors have contributed to the formation
in Karelia of a hydrographic network as unique as that found in Finland. It consists mainly of numerous small and
short streams and rivers, which link lakes to form lake-stream or lake river systems. Some of these such as the Kovda,
Lenderka and Kamennaya-Nogeu systems have lake surface-drainage area ratios as high as 50-60%.

Some 26 700 streams and rivers with a total length of 83 000 km have been reported for whole of Karelia
including the Karelian isthmus. 25 300 of these (95% of the total) are less than ten kilometres in length number. The
total length of these streams is 53 300 km, in other words, 63% of total length in Karelia (Resources ..., 1972). Only
thirty rivers are over 100 km long (medium-length type). The average drainage density is 0.53 km/km2. Most streams
have small catchments areas. Only 366 water systems have basin areas in excess of 100 km2, 51 systems having catch-
ments areas of over 1000 km2 and five systems (the rivers Kem, Vyg, Kovda, Vodla and Shuya) with catchments areas
of 10 000 kmz2.

Since Karelian streams and rivers are of recent origin and the crystalline basement retains some of its own char-
acteristics, their channels are poorly incised, valleys are poorly developed and longitudinal profiles display stepwise
patterns of alternating rapids and pools which often appear as expanded lake-like water bodies and lakes. The diver-
sity of stream biotopes results in a highly varied aquatic flora and fauna.

Rapids of various sizes account for 80-90% of stream gradients. Karelian streams and rivers have relatively
small gradients because major erosion bases are located near watersheds. In some small rivers, e.g. Neglinka, gradi-
ents are as high as 10 m/km, but gradients of 2-2.5 m/km predominate. Gradients may be little more than 1 m/km in
larger rivers but can also be relatively high in certain stretches.

Narrow, low watersheds and the proximity of adjacent rivers, typical of Karelia, are conducive to the transfer
of runoff into other basins. Thus, the River Suna discharges into Lake Palye while the nearby River Pongoma runs of
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Fig. 9. Scheme showing the watersheds of seas and other large water bodies
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into Lake Topozero. As the region has a rugged relief and major erosion bases are located close to watersheds, water
flows out of lakes simultaneously in several directions. Thus Lake Engozero discharges along the rivers Kalga and
Vonga, Lake Saarijarvi along the rivers Loimolanjoki (Tulemajoki) and Pensanjoki (Uksunjoki), and Lake
Segezhskoye along the rivers Obzhanka and Segezha (a tributary of the River Svir).

The hydrographic network of Karelia consists mainly of water bodies such as lakes and reservoirs, which dom-
inate the pattern of water systems. Karelia has 61 100 lakes which cover a total area of some 18 000 km2 (Gasheva,
1967). In addition, approximately 50% of Lake Ladoga and 80% of Lake Onega, the largest water bodies in Europe,
lie within Karelian territory. The region has a lake surface-drainage area ratio of 12%, a figure which rises to 21% if
the Karelian portions of lakes Ladoga and Onega are considered. This is one of the highest ratios in the world (Karelia
has a total area of 155 900 km2, and of 172 400 km? including lakes Ladoga and Onega).

Lakes with an area of less than 1 km2 predominate. Only 1389 water bodies (slightly more than 2% of the total
number) are larger than this. Twenty lakes cover areas in excess of 100 km2. Most lakes such as forest and mire ponds
have no visible runoff.

Karelia has two major genetic types of lake basins: tectonic and glacial, or morainic. Almost all large and medi-
um-sized lakes were generated tectonically. Lake basins were formed in cracks and faults that provide evidence of gla-
cial erosion. They are typically deep, their shorelines are indented and their bottom relief is rugged. Small, 5-10 metre
deep glacial lakes are located in troughs between morainic ridges and hills or in ice-dammed rivers valleys. They are
characterised by a flat bottom and a less indented, often rounded shoreline. Their extensive, well heated, oxygen and
nutrient-rich littoral zones has an environment conducive to the evolution of hydrobionts. Long narrow lakes cut by
streams also occur. Lakes of mire origin are common.

One economic way of using water resources is to control river runoff by building reservoirs. It has already been
noted above that geologically younger rivers in Karelia have shallow, poorly incised valleys. Therefore, valley reser-
voirs with riverbeds formed from parts of river valleys are necessarily small in spite of large-scale flooding. Almost
all large Karelian lakes have been converted into reservoirs, whereas most reservoirs elsewhere in Russia and, indeed,
in the rest of world are of the valley type.

The chemical composition of surface water is affected by the low solubility of crystalline bedrock, the pres-
ence of well-washed Quaternary material and large-scale paludification. Subsurface waters are usually poorly miner-
alised, have a high colour index and are rich in iron.

Available data was processed statistically and average quality indices for surface waters in Karelia were esti-
mated. The sum of inorganic ions (i) is 22 mg/l. Throughout most of Karelia water has an i value of less than
25 mg/1 and a hardness of 0.2—-0.4 meq/l. Lakes and rivers with 2i 40—100 mg/l cover small areas. Only ten water bod-
ies are known to have a total inorganic ion concentration of over 100 mg/1.

Cations. Calcium is the dominant cation in almost in all waters, magnesium being less common and sodium
scarce. Greatest variations in concentration are observed for calcium. Potassium displays less variation and occurs only
in relatively small concentrations (0.2—1.4 mg/l, average 0.53). In all waters alkaline earth metals dominate over alka-
li metals, thus providing an optimum environment for hydrobionts.

Anions. Lowest anion concentrations (0.4—1.9 mg/l) were recorded for chlorides. Average anion concentrations
in surface waters are about twice as great as those found in atmospheric precipitates. The concentration of sulphates
is more variable (0.5-8 mg/l). Lowest concentrations are observed in highly humified waters where levels are lower
than in atmospheric precipitates. Mires are able to retain sulphates, which undergo chemical reduction in mire condi-
tions. The bulk of sulphates present in surface waters are of atmospheric origin although they may also be formed by
oxidation of sulphide ores.

The most variable ionic components are hydrocarbonates (0 to 200 mg/1) and organic acid anions (less than 0.01
to 0.4 mmol/l). Increased concentrations of inorganic ions usually result from the leaching of calcium and magnesium
carbonates from rocks. The total concentration of inorganic ions is usually twice that of hydrocarbonates. Thus, the
surface waters of Karelia differ in mineral composition and, especially, in alkali (hydrocarbonate) content. It causes
differences in the species composition of hydrobionts.

Organic matter. It has been noted above that organic anion content also varies greatly owing to the great vari-
ations in concentration of organic matter. Thus, colour indices range from 5 to over 300 mgPt/l, while permanganate
oxidizability (COD yy, ) from 2 to 60 mg O/1. This latter variation is due to large-scale paludification and the transport
of allochthonously derived organic matter into water bodies.

Average indices for organic matter content are as follows. Colour index: 90 mgPt/l, COD @ 13.4 mg O/1,
Corg 10.1mg/l, COD ¢, (bichromatic oxidizability): 23.9 mg O/I. These values correspond to a transitional state
between mesohumous and mesopolyhumous conditions. A large part (up to 35%) of Karelia contains mesohumous
waters, i.e. waters with moderate concentration of organic matter, colour indices of 35—-80 mgPt/l and permanganate
oxidizability values of 8—15 mg O/I. Twenty per cent of Karelian water bodies are rich in organic matter (mesopoly-
humous), have a colour indices of 80—160 mgPt/l or greater and COD N values of 15-30 mg O/I or greater. Low-
humus waters also account for about twenty percent of all waters. Such oligohumous waters have colour indices of
below 35 mgPt/l and COD pqy values of under 8 mg O/1.

Hydrogen activity varies from pH 4.07 to 8.34, depending on the concentrations of HCO3?, CO2, organic
acids and their salts. As concentrations of carbonic acid depends on water temperature the pH value is related to the
proportions of HCO3?, RCOO? and RCOOH occurring at a given. The majority of surface waters in Karelia may be
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classified as low acidity (pH 5.5-6.5) or circum neutral (pH 6.5-7.5). The lowest pH values (< 5.5) occur in highly
waterlogged areas and in small lakes supplied with atmospheric nutrients. Iron concentrations in surface waters vary
from < 0.01 to 3.1 mg/l, the average value being 0.59 mg/1.

Classification and mapping of surface waters on the basis of quality. Surface waters may be classified
according to quality, thus: high quality, good quality, satisfactory, poor quality and polluted (Litvinenko et al., 1998).
This classification is similar to the one accepted in Finland but differs in its approach to and criteria for assessment of
water quality.

Surface waters in Karelia are classified on the basis of several indices: the pH value and the concentrations of
organic matter, iron, total phosphorus, chlorophyll-a and oxygen. Some of these parameters, such as the concentra-
tions of total phosphorus, chlorophyll-a and oxygen, indicate the trophic status of the water body. The colour index of
water indicates the amount of organic matter present of humus origin. This commonly makes up the bulk of all organ-
ic matter present in water bodies in Karelia. Closely associated with this index is the total concentration of iron. This
parameter is used in the classification because a) surface waters are rich in total iron and b) its highest allowable con-
centration for drinking water is relatively low, i.e. 0.3 mg/l. The pH value is used to assess surface water acidification,
which is a characteristic of the region.

Alkalinity and pH of water. Because surface waters are poor in alkalis they are often acid. pH values of
6.0—6.3 mark a transition from neutral to slightly acid water. At this pH the alkalinity of water is about 0.05 mmol/l.
Water bodies of such alkalinity are susceptible to acidification. Slightly acid (pH 5.3—-6.3) and acid (pH < 5.5) water
is associated with the accumulation of labile forms of metals. This is unfavourable for hydrobionts, especially in nat-
urally or anthropogenically acidified lakes. The most serious occurrence in such lakes is the accumulation of mer-
cury in fish. Therefore, all acid lakes (pH < 5.5 and alkalinity > 0.01 mmol/l) are classified as containing water of
poor quality. This is equally true of oligohumous (colour index < 35 mgPt/l.), mesopolyhumous (colour index 80—
160 mgPt/1.) and polyhumous (colour index > 160 mgPt/l.) waters. It should be noted that, in practice, mesohumous
acid lakes do not occur. Oligohumous acid lakes are acidified by atmospheric precipitation resulting from human
activities. Such lakes are usually located in interfluvial areas and have small specific water catchments values (< 3).
In these cases atmospheric nutrition is of considerable importance. Because mesopolyhumous and polyhumous lakes
are situated in highly paludified areas their acidity is of natural origin. With the exception of polyhumous waters, all
lakes and rivers with pH 5.5-6.2 are classified as having satisfactory water quality regardless of their organic matter
content. From the point of view of drinking water the quality of ‘light’ water is considered to be better than that of
humified water. In these cases the adverse effects of low pH on fish populations is considered. Russia has its own
allowable range (pH = 6.5-8.5) for lakes and rivers for commercial fishery. Polyhumous slightly acid water bodies
(colour index > 160 mgPt/1., pH < 6.2) are classified as poor quality because their waters are acid and contain large
quantities of humus.

Total phosphorus. If the water is to be classified as high or good quality then its organic matter content and
pH must be estimated as well as the concentration of total phosphorus, a major nutrients which affects the trophic lev-
els of water bodies.

The concentrations of biogenic elements in water constitute a significant limnological index, which affects the
productivity and trophic status of water bodies. In a natural environment trophic levels vary from oligo- (poorly pro-
ductive) via meso- (moderately productive) to eutrophic (highly productive). According to total phosphorus content
water bodies may be subdivided into oligotrophic (up to 12 pg/l of total phosphorus), mesotrophic (8-25 pg/l) and
eutrophic (more than 25 pg/l). When biogenic elements are supplied with drainage water or washed out from fields,
eutrophication is enhanced. Provided all other indices are favourable, oligotrophic water bodies are classified as high
quality, mesotrophic waters as good quality and eutrophic waters as satisfactory. Highly eutrophic water bodies are
classified as being of poor quality.

Oxygen. When discussing the trophic level of a water body the effect of the oxygen concentrations on the
vital activity of fish should be taken into account. The minimum allowable concentration of oxygen accepted in
Russia for commercial fishing water bodies in winter is 4.0 mg/l or 60% saturation. Oxygen saturation levels
of 80—105% are considered to be most favourable. Such values are typical of all oligo- and mesohumous water
bodies. Oxygen saturation levels of 60—120% testify to a good oxygen regime. An excess of oxygen in water
as observed commonly in eutrophic lakes is caused by enhanced nutrient supply. Lack of oxygen usually occurs
in the bottom layers during the vegetative season and during winter stagnation because bottom sediments use
oxygen.

The unfavourable oxygen systems observed in highly eutrophic and eutrophic lakes are characterised by an
excess of oxygen in surface layers (levels rising by up to 40%) and the absence of oxygen near the bottom. A lack of
bottom layer O, and excess of surface layer O, is observed during summer stagnation while a sharp deficit of O,
occurs near the bottom by the end of complete freezing in both eutrophic and mesotrophic lakes where bottom deposits
use a lot of oxygen.

To sum up, all oligohumous (colour index < 40 mgPt/1) and oligotrophic (Py < 12 ug/l, chlorophyll-a <3 pug/l)
water bodies containing less than 0.2 mg/l Fe, with pH 6.5-8.0 and 80-105% oxygen saturation are classified as high
quality waters. Examples of such waters include some large deep water bodies, e.g. a large part of Lake Onega, lakes
Segozero, Maslozero, Yelmozero, as well as smaller lakes with a slow rate of water exchange such as the Konchezero
group of lakes, lakes Lizhmozero and Kedrozero, etc. (Fig. 10).
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Good quality waters are 1) mesohumous and mesopolyhumous (colour index 30—120 mgPt/1); 2) oligo-
and mesotrophic (P 8-25 ng/l, chlorophyll-a up to 10 pg/l) water bodies with pH 6.2-8.5, Fe concentrations
of 0.1-0.5 mg/l (up to 0.75 mg/l provided Py is low and colour index less than 120 mgPt/I) and oxygen
saturation levels of 60—120%. Such waters are typical of a larger portion of the basins of the Suna, Janisjoki,
Tulemajoki, Lenderka and Svir rivers as well as of lakes Ladoga, Syamozero, Ondozero, Leksozero, Tuulos and
Janisjarvi, etc.

Satisfactory water quality is found in 1) water bodies with pH 5.5-6.2, 2) eutrophic waters (30 < Py < 50 pg/l,
10 < chlorophyll-a < 30 ug/l), regardless of other indices, and 3) polyhumous waters with pH > 6.5, Fe concentrations
of 0.5 to 1.5 mg/l and colour indices of up to 200 mg/l. Satisfactory waters include 1) most of the water bodies with
paludified catchments areas such as the Shuya, Onezhskaya and Vidlitsa rivers, the central and southern portions of the
Vygozero reservoir, etc., 2) small lakes with atmospheric nutrition, e.g. Lizhmenskoye, Kaskesnavolok and Langozero,
and 3) eutrophic lakes such as Vedlozero, Svyatozero and Pryazhinskoye.

Poor quality waters are those with 1) pH < 5.5 regardless of other indices, 2) polyhumous water bodies with
pH > 6.5 and Fe concentrations higher than 0.7 mg/l, and 3) highly eutrophic lakes (P, > 40, chlorophyll-a > 30ug/1).
Low quality water is characteristic of 1) water bodies located in highly paludified areas, e.g. the upper stretches of the
Shuya, Verkhny Vyg, Koitajoki, Olonka, Tuloksa, Enyajoki river basins etc., 2) small lakes located in interfluvial areas
and those acidified by human activities (Chuchjérvi, Kivijarvi etc.), and 3) highly eutrophic lakes such as Kotkozero,
Pyalozero and Shangima. (Fig. 10).

Polluted waters are understood as water bodies or parts of water bodies polluted by industry or agriculture.
They typically exhibit excessively high BOD values together with unacceptable concentrations of Py, K, Li, heavy
metals and oil products, etc.

1.6. Soil cover

Soil-forming conditions. Karelia is located in the eastern part of the crystalline Baltic shield which borders the
Russian plain and is built of Precambrian granite gneiss and granite. 10 000-12 000 years ago the ice sheet which cov-
ered the whole region during the latter stages of the Valdai Glaciation finally retreated. Thus, soil-forming processes
in Karelia are of relatively recent occurrence with soils developing on Quaternary deposits (Geology of Karelia, 1987).
The composition of Quaternary material is affected indirectly by bedrock composition and directly by exposed
bedrock.

Geological conditions profoundly affect soil formation. The last glaciation in Karelia led to the extensive dep-
osition of coarse sand and loamy sand. Their light mechanical composition is a consequence of very slow chemical
weathering.

The region has a distinctive geomorphological structure and a relatively cold and humid climate similar to
that of cold and humid oceanic regions. This results from the proximity of large water bodies such as the White Sea,
Lake Onega and Lake Ladoga. Favourably affected by the Gulf Stream, the climate of southern Finland is warmer
than that of Karelia. Such climatic characteristics had a considerable influence on the formation of soils and soil
cover. The soil profile of southern Finland is characteristically thicker and humus accumulation and Carbisol
formation are both more prolific than in Karelian areas of corresponding latitude. Primitive soils are far more
common in northern Finland and on the Kola Peninsula than in Karelia because bedrock exposures are widespread
in those regions. Karelia has numerous lakes and rivers as its river valleys are poorly developed and its depressions
enclosed. In this respect Karelia resembles Finland and northern Sweden where wet soils are common. (Ayris et
al., 1997).

In terms of the structure and composition of bedrock, the genesis and composition of unconsolidated outwash,
and the age of its landscapes and soils Karelia resembles the Laurentian soil province in the boreal zone of Canada
(Glazovskaya, 1973). In particular, Laurentian and Karelian share much in common. Although Karelia is slightly fur-
ther north than most of the Laurentian province the same soil types occur in both regions owing to the similarity of
their climates.

Soil formation pattern. The soil cover of Karelia (Fig. 11) consists of macro and mesocombinations of Podzol
(henceforth soil names in this text correspond with the FAO-UNESCO classification, 1990), Cambisol, Gley Podzol
and Histosol types. As Karelia contains a variety of landforms and soil-forming rocks its soil cover is highly mosaic-
like and soils occur in complex combinations.

A moderately cold, humid climate, the predominance of light soil-forming rocks and the prevalence of conif-
erous forests in Karelia are conducive to the large-scale formation of eluvial-illuvial soils in automorphic environ-
ments. Podzols (60.8%) cover unconsolidated Quaternary rocks, Cambisols (0.9%) rest on mafic eluvial-deluvial
rocks or on a till blanket rich in these rocks, and Leptosols (0.8%) or poorly developed soils (1.3%) accumulate on
bedrock (Morozova, 1991). As Karelian soils are of fairly recent genesis almost no crystalline rock eluvium has
formed and the primary soils beneath lithophilous plants growing on massive crystalline rock exposures are very thin.
Various types of Gley Podzols are formed under semi-hydromorphic conditions. Podzols and Gley Podzols are domi-
nated by sandy and loamy sand varieties. Loamy and argillaceous soils make up less than 6% of the Karelian land sur-
face. Fibric (10.8%) and Terric-Fibric (8.2%) Histosols are of widespread occurrence. 7erric soils make up not more
than 1% of total land area.
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The study region extends over a large distance from north to south. The north-taiga and mid-taiga subzones bor-
der one another at about 63° N. Soil-forming processes do not vary dramatically between these two subzones due to
the abundance of soil-forming rocks which are of light mechanical composition and possess similar physical and
chemical properties. These include a low moisture capacity, high water permeability, poor nutrient supply and an abun-
dance of primary minerals. These factors offset variations in bioclimatic indices. However, some differences in soil-
forming processes and soil cover do exist between the two subzones.

Characteristics of north-taiga soils. The soil profile of the north-taiga subzone tends to be thinner and the
soils more skeletal and bouldery. Soil-forming processes are active in the uppermost 40-60 cm portion of soil-form-
ing parent material (Fedorets, Erukov, 1997). Moreover, some unique soils occur only in this part of the region.

In northwestern Karelia where some ridges reach altitudes of up to 600 metres above sea level a clear pattern
of vertical zoning occurs and Hapto-Lithic Podzols and Lithic Leptosols appear. These mountain soils are poorly
understood and in Karelia are found only in the northwestern part.

The formation of soil cover in the north-taiga subzone is profoundly affected by the proximity of the White Sea.
The present transgression and regression of sea water and the associated moisture content of soils in the tidal zone has
contributed to the formation of unique marsh soils (Salic Fluvisols). These soils are rich in chlorine, sulphur and water-
soluble minerals substances atypical of Podzol soil zones. They contain high percentages of organic matter through-
out the entire profile and display a high degree of biodiversity as mineral layers alternate with algal laminae. As they
are most commonly occupied by grasslands their sod horizons are well developed. On the White Sea coast Salic
Fluvisols alternate with primitive types on bedrock outcrops. Primitive soils comprise only of a sod cover under mot-
ley grass or of forest litter in open pine forest.

Of common occurrence throughout the north-taiga subzone are Epy-Histic-Gleyic Podzols. These occupy not
only topographic lows such as those in the mid-taiga subzone but also the flattened tops of morainic ridges and hills.
This is due to the proximity of crystalline rocks which impede the free filtration of moisture. Furthermore, the occur-
rence of course, soil-forming sandstones contributes to the development of a humus-illuvial process.

Because the region has a cold climate, low evaporation and a consequently high moistening coefficient, Gley
Podzols and Histosols cover over 40% of the north-taiga subzone. Histosols are dominated by a raised type of peat soil
(Fibric Histosols) which accounts for 14% of all soils, with fen soils (Terric Histosols) occurring as individual mas-
sifs. Raised bogs in Karelia cover an area of about two million hectares (Soils of Karelia, 1981). As the Histosols that
evolved on bogs are infertile and poor in microorganisms, the transformation and mineralisation of organic matter is
retarded. Thus, territories covered by such soils are of low biodiversity. They are used only to a limited degree for
commercial purposes although their forest-growing potential is, in fact, high.

Characteristics of mid-taiga soils. With the improved climate of the mid-taiga subzone soil-forming process-
es are active to a depth of 1.5-2 metres. Automorphous soils are more extensive while Gley Podzols and Histosols are
only half as common (22%) as in the north-taiga subzone (40.5%).

Podzols make up two thirds of mid-taiga soil cover and are therefore the most common soil type in Karelia.
They form on rocks poor in base and ferrugineous minerals and may vary widely in their mechanical composition and
genesis. Thus, Podzols may consist of glaciofluvial and lake sand, till, sand or loamy sand deposits. They all contain
small percentages of silt and mud particles. Till deposits are heterogeneous and bouldery. The formation of such soils
is also connected with the abundance of coniferous forests in Karelia. The bulk of organic remains consists of ground
litter-fall which is poor in ash elements and nitrogen. A lack of bases and an acid reaction, together with certain bio-
chemical characteristics of plant remains (high percentages of resin, wax and lignin), result in a poorly developed
microflora and the slow humification and mineralization of litter-fall. The mat reserves on the soil surface are 5-20
times that of annual ground litter.

As their soil-forming rocks differ in genesis and particle-size distribution, the species diversity of Podzols is
high. Commonly restricted to fluvioglacial sand deposits are Surface Podzols and Ferric Podzols. They are poor in
organic matter and mineral nutrients. Ferric Podzols and Ferric-Carbic Podzols are evolving on sand and loamy sand
till. Their organic matter content is four times that of Surface Podzols. As the proportion of fine particles in the soil-
forming rock increases, both soil fertility and biodiversity of the territory improve.

Generally speaking in Karelia, accumulation of humus in soils under forest vegetation is most commonly the
result of human activities. As a consequence of swidden farming large forested areas were cleared and burnt and the
upper soil horizons were enriched in mineral nutrients. Abandoned agricultural lands were overgrown with grasses
which favoured the accumulation of organic matter in the soil and sod formation, and were later covered by forests.
Nowadays, Humic Leptosols occur only in southern Karelia. Typically found growing on them are deciduous motley-
grass forests mixed occasionally with conifers. This soil type usually has an accumulative horizon. Humic Leptosols
are fertile, the humus content of the humus-accumulative horizon being 4.5-10% and the nitrogen content up to 0.7%.

Resting on heavier rocks are Dystric Planosols. They occur locally and are restricted to varved limnoglacial
clay and loam exposures. As heavy rocks have a high moisture capacity and a low water permeability, upper soil hori-
zons display an excess of moisture, especially in spring and autumn when evaporation is slower. As the environment
in conducive to processes of chemical reduction, iron and manganese compounds are dissolved, soil minerals are
destroyed and decomposition products dissolved. Humus accumulation and eluvial-gley processes occur although the
layer involved in soil formation is generally only 20-30 c¢cm thick. As Dystric Planosols are rich in humus and miner-
al nutrients they are typically covered by highly productive stands and their biological diversity is relatively high.
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Forming on base-rich and ferrugineous soils are Cambisols (Targulyan, 1971). Owing to the high Fe, Ca and
Mg contents of soil-forming rocks the mid-taiga subzone, especially its southern part, contains an abundance of
Dystric Cambisols. As a result of the conditions prevalent in Karelia Cambisols are extrazonal soils. High percentages
of iron and calcium in soil-forming rocks retard the formation of podzols so characteristic of the boreal zone and the
entire soil profile acquires a brownish tinge. Cambisols are rich in organic matter and often have a well-defined gran-
ular-structured humus horizon. As Cambisols are rich in soil fauna the plant litter-fall is vigorously reworked and a
moder or moder-mull type of soil profile is formed. It only takes a year or two for the plant litter-fall to decompose,
and consequently Cambisols have a thin mor. This soil type is highly fertile and supports a high degree of biological
diversity throughout its distribution area.

Of great interest are Shungite Cambisols which evolve on shungite (carbonaceous) shale eluvium or till con-
taining a high percentage of shungite rocks. Shungite Cambisols are unique. They owe their high natural fertility not
only to the organic matter resulting from the transformation of plant remains supplied to the soil but also to the car-
bon present in soil-forming rocks. Shungite Cambisols were known earlier as ‘Olonets chernozems’ because of their
black colour. The horizons of their soil profiles are poorly defined. The well-developed root systems of herbs and the
activity of soil fauna favour the formation of a fairly thick humus horizon. Owing to their black colour Shungite
Cambisols absorb more solar energy and are therefore better heated (The study of forest soils in Karelia, 1987). As
Shungite Cambisols resting on carbonaceous rocks are highly fertile the most biodiverse localities in Karelia are found
on the Zaonezhye Peninsula where they are widespread (Inventory and study of biological diversity in the Zaonezhye
Peninsula and in northern Priladozhye, 2000).

Another soil type occurring in Karelia comprises the Lepfosols. These are soils with a brown, poorly differen-
tiated profile which forms on crystalline rock eluvium or eluvium-deluvium. Lepfosols are highly diverse, the degree
of diversity depending on the environment in which they form, i.e. the thickness of the unconsolidated blanket, mois-
ture supply and vegetation, etc. These quantitative differences are mainly observed in the humus state of the soils.
Leptosols are fertile and occur only on a limited scale.

In the mid-taiga subzone of Karelia Fibric Histosols are succeeded by Terric-Fibric and Terric Histosols. The
latter are rich in mineral nutrients. In Karelia these typically occur in tectonic bedrock faults. As Terric Histosols are
supplied with highly mineralised water they give a slightly acid reaction and are rich in Ca, Fe and K. Being more fer-
tile than other Histosols, their distribution area is floristically diverse.

Terric-Fibric Histosols result from the evolution of Terric Histosols, the upper horizons of which are no longer
supplied with mineralised ground water. Impoverishment is most chiefly indicated by the presence of Sphagnum moss-
es in the vegetative cover. In terms of productivity Terric-Fibric Histosols are an intermediate type between Fibric
Histosols and Terric Histosols.

Conclusion. To sum up, the most common soils in Karelia such as Podzols, Gley Podzols and Histosols are of
low natural fertility. Therefore, a large part of Karelia is inhabited by low-productivity forest communities and has a
fairly low index of biotic diversity. Podzols are highly acid and poor in mineral nutrients and organic matter. Gley
Podzols and Histosols are rich in organic matter but are poor in mineral nutrients due to their poor water-air regimes
and low biological activity.

Cambisols that form on the eluvium-deluvium of bedrock and on shungite (carbonaceous) shales are the most fer-
tile since they are rich in organic matter and mineral nutrients and evolve in a slightly acid environment. Primitive soils
resting on bedrock exposures are the least fertile type. North-taiga soils are slightly less productive than mid-taiga types.

The biodiversity of the study region depends largely on the ecological functions of the soil (Structural and func-
tional role of soil in biosphere, 1999). The soil provides a habitat for an abundance of living organisms. Furthermore,
it is a central link in the interaction of geological and biological cycles in the biogeosphere. Fertility is a key parame-
ter in soil characteristics and is responsible for the diversity of terrestrial biota.

The biodiversity of any region can be maintained if its soils remain diverse. The soils of Karelia are dominat-
ed by Podzols and Gley Podzols. Soil types unique to Karelia are Lithic Leptosols, Hapto-Lithic Podzols and Salic
Fluvisols in the north-taiga subzone, Shungite Cambisols in the mid-taiga subzone, and Leptosols and Cambisols
which occur throughout the region.

Since some of the above soil types are not fertile, their distribution areas are not biologically diverse. However,
as these soils have some specific properties of their own, rare plant and animal species atypical of Karelia are occa-
sionally encountered there.
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2. DIVERSITY AND CURRENT STATE OF ECOTOPES AND OF FOREST, MIRE
AND GRASSLAND COMMUNITIES

2.1. Forests

2.1.1. Methods of studying biodiversity and the anticipated influence
of commercial activities in taiga forests

Introduction. Over the past few years the problem of biodiversity has been the subject of lively discussion
amongst biologists and ecologists. Numerous papers published in Russia and in other countries have sought to unify
the methods used to study and assess the phenomenon (including «Biodiversity ...», 1992; Biological diversity of for-
est ecosystems», 1995; «Biodiversity ...», 1995; «Biodiversity ...», 1996; «Global biodiversity», 1995; etc.). The
present paper is an attempt to present the essence of the subject and to briefly formulate the principles by which it may
be studied and by which solutions to problems may be found.

Definition of biodiversity. Biodiversity is understood in terms of the presence of biosystems, biological
species, populations, genotypes, biotypes, phenotypes etc. at different levels in ecosystems of a particular taxo-
nomic rank.

Elements of biodiversity, levels and criteria of assessment. Based on experience in forest biogeocenology,
geobotany and forest and landscape ecology, the following methodological approaches to the study of biodiversity in
the taiga zone were proposed.

I. Biodiversity assessment level: 1. Biosphere. 2. Continent. 3. Vegetation (geographic, climatic) zone. 4.
Vegetation (geographic, climatic) subzone. 5. Vegetation (geographic, climatic) area. 6. Type of geographic landscape.
7. Type of biogeocenosis. 8. Type of microgroup.

II. Elements of biodiversity: 1. Plant formations. 2. Biocenoses (phytocenoses, zoocenoses). 3. Sinusia. 4.
Consortia. 5. Plant and animal species. 6. Plant and animal populations. 7. Plant and animal genotypes and corre-
sponding biotypes and phenotypes.

The above elements of biodiversity fall into two categories: 1) biosocial (formations, biocenoses, phyto- and
zoocenoses, sinusia, consortia) and 2) genetic (species, populations, genotypes, ecotypes and phenotypes).

III. Criteria (features to be assessed) of biodiversity: 1. Age. 2. Composition. 3. Productivity. 4. Complexity of
mosaic formation. 5. Occurrence. 6. Position within sequence of succession, etc.

The problem of a standard for diversity. Based on our experience in the study of primeval (climax — after
Clements, 1916; exhausted — after Sukachev et al., 1964) and serial forest biogeocenoses in East Fennoscandia, we
recommend that a biodiversity standard should consist of biocenosis-ranking primeval ecosystems and the higher rank
biosystems formed by them. These are long-lived, stable biosystems which have fully adapted themselves to local nat-
ural and geographic conditions.

In territories where primeval forests have not survived, spontaneous serial forests in the stages of formation,
quantitative maturity and natural maturity may be used as a standard. It should be noted that in order to establish a bio-
diversity standard for derivative forests further detailed study is required.

In terms of biological diversity the primeval forests of the taiga zone of European Russia display the following
characteristics:

1. The presence of three major forest formations: pine, spruce and larch stands.

2. Largely hidden physiognomic differences between the forest phytocenoses

of a given formation restricted to differing forest conditions.

3. Typical taiga flora comparatively poor in species.

4. Typical taiga bird and mammal fauna of comparatively poor species diversity and low populations along-
side a relatively diverse dead-wood insect fauna.

5. Small berry plants and diverse mushroom flora.

6. A population structure of plant and animal species which has formed over millennia and adapted itself to
local climatic conditions.

7. An exceptionally diverse gene pool of forest-forming species which has adapted itself to particular forest
conditions.

8. Stands include trees of different ages. Communities typically comprise pine trees of anything up to 500-600
years, spruces up to 400-500 years and birch and aspen trees up to 150-200 years of age.

9. A high percentage of decaying trees and the permanent presence of dead standing and windfallen wood.

10. Stands exist in dynamic equilibrium.
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Approach to the conservation of the rare and endangered biosocial and genetic components of biodiver-
sity. In deciding which constituent from each element of biodiversity should be protected and what type of protection
system is required the following points should be taken into account:

a. The evolutionary status of the element of biodiversity in question. Throughout the history of nature millions of
species and types of ecosystems have come into being and then disappeared. Today also certain species and ecosystems
are dying out while others proliferate. This is of great bearing in terms of their ecological and biological significance.

b. At what level of assessment (biospheric, zonal, biogeocenotic etc.) is the constituent (e.g. biocenosis, species
etc.) considered to be rare or endangered? Thus, one particular plant species may be rare or endangered at a global
level while a second is rare in the north taiga but common in the south taiga and yet a third scarce in white-stem moss
pine stands but common in blueberry pine stands. Likewise a species may be common with respect to certain level of
assessment (e.g. in the taiga zone) although its individual population or genotype is unique.

c. The biosocial role of a constituent. Let us assume that one particular cenosis is the only ecological niche for
certain plant or animal species. Thus, one or other plant or animal species supports the existence of a trophically nar-
row specialised animal species etc.

d. Conditions for the reproduction of individuals of a given species, population or genotype.

e. The selective and genetic value of a species, population or genotype.

f. In order to survive anthropogenic transformation of their habitats animals need some areas of natural habitat
to remain untouched.

All the above aspects should be thoroughly analysed in order to determine how and to what extent a given ele-
ment of biodiversity should be protected during commercial operations in terms of level of biodiversity or area cov-
ered by a particular type of cenosis, species, population etc.

Regulation of biodiversity in human-disturbed ecosystems. It has been noted earlier that in primeval forest
ecosystems biodiversity is typically stable whereas in human-disturbed (logged and managed) forest ecosystems all
components, including practically all elements of biodiversity, exist in state of dynamic flux. Because of these differ-
ences between primeval and human-disturbed forest ecosystems different terminology is applied. Thus, biodiversity is
‘maintained’ in the former case and ‘regulated’ in the latter. The transformation of a human-disturbed forest ecosys-
tem into a primeval one requires both the passage of a great period of time and an entirely spontaneous process of nat-
ural post-disturbance succession. Likewise, we can only regulate, not maintain, biodiversity in human-disturbed
forests during commercial operations.

Various methods are used to regulate biodiversity in forests. However, at present these are applied only with
respect to wildlife management. This involves varying final cutting, thinning and reforestation techniques and other
biotechnical operations, etc. However, before a procedure for regulating biodiversity can be developed the biology and
ecology of each plant and animal species within the ecosystem, their relation to one another and the effect of abiotic
factors all need to be studied thoroughly along with the structure, dynamics and functions of ecosystems differing in
rank, type, trophic links etc.

Changes in elements of biodiversity in taiga forests as a result of commercial operations: basic trends.
The main forms of commercial activity affecting biodiversity in taiga forests are final felling, thinning, reforestation,
drainage amelioration, forest fertilisation, biotechnical activities, recreation, indirect utilisation, etc. In order to esti-
mate the anthropogenic impact on biodiversity primeval forest ecosystems were used as a standard.

Final felling. Current techniques of final felling techniques fall into several types: clear (concentrated and
strip), successive and selective.

Concentrated clear felling has the most profound effect on biodiversity. As a result

— human-disturbed forest formations and forest biocenoses are generated,

— the age structure of forests as a whole becomes more diverse;

— new types of sinusia and consortia are produced;
primeval forest ecosystems disappear while human-disturbed ecosystems evolve;

— open spaces with unequal cover of woody vegetation are formed;

the vegetation cover becomes far more mosaic-like;

food reserves for animals become much more widely available at given stages of post-catastrophic plant
succession;

— taiga animal populations decrease and populations of animals associated with open and semi-open habitats
increases at certain stages of post-catastrophic plant succession;

— there is an increase in the number and population sizes of southern species of flora and fauna and taiga fea-
tures are only gradually restored by post-catastrophic succession;

— the population of most animal species increases sharply as more food becomes available, the edge effect
increases and the vegetation cover becomes more mosaic-like;

— the species diversity of insects and fungi associated with dead wood declines.

In addition to the above other aspects of biodiversity are also affected. Thus, as a result of concentrated clear
felling in the taiga zone the formational, biocenotic, sinusial and consortial diversity of ecosystems increases, plant
and animal species become more diverse, the population and genotypic diversity of forest-forming woody plants is
likely to decrease, and climax ecosystems are irretrievably lost. The extent of transformation of genetic diversity will
depend largely on the type of reforestation activities carried out in felling areas.
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Clear strip felling generally has the same effect on biodiversity in forests as concentrated clear felling but, with
the exception of two particular elements of biodiversity, its impact is less severe. These two elements, namely, the pop-
ulation and genotypic structures of forest-forming species are affected to the same degree as in concentrated clear
felling because the bulk of any given felling area lies away from the forest edge.

The effect of selective and successive felling on biodiversity is slightly smaller than that of concentrated
clear felling although the genotypic composition of forest-forming species populations is still likely to be impov-
erished. The extent and pattern of impoverishment of gene pools of forest-forming species will depend on the
felling pattern employed and the felling quality. If felling is carried out correctly fast-growing trees with high
crowns and fully arboreal trunks can be expected to survive in commercial forests, all types of individual trees in
water-protection and soil-conservation forests, and the most attractive individual trees in recreational forests. The
genotypic diversity of cenopopulations is expected to change in accordance with the above phenotypes. When trees
of the highest commercial value are the first to be cut, the resulting selection is both biologically and commercial-
ly detrimental.

Thinnings. The impact of thinnings on biodiversity in taiga forests depends on the felling pattern employed and
the quality of felling.

The purpose of thinning in commercial forests is to produce a mature stand of maximum commercial value.
Thinnings designed to produce high quality timber for economic purposes affect biodiversity in the following ways:

— forests retain their natural form since the emphasis is placed on growing coniferous stands;

— phytocenotic diversity decreases for the same reason;

— sinusial and consortial diversity in biogeocenoses declines as the proportion of deciduous trees decreases;

— the diversity of tree and plant species declines as most deciduous trees are cut down;

— light-demanding species are eliminated from the ground cover more slowly;

— the genotypic diversity of forest-forming plant populations decreases as decaying trees that endanger the com-
mercial value of the timber are removed;

— the recovery of taiga fauna and flora from the ‘southernising’ effects of final cuttings is

— retarded;

— the process of succession of animal communities associated with open and semi-open sites by those typical
taiga forest becomes slower;

— the species diversity of insects and fungi associated with dead wood declines.

If commercially valuable trees are the first to be cut then selection in the cenopopulations of forest-forming
woody plant species will be biologically detrimental.

The purpose of thinning operations in water-protection and soil-conservation forests is to maintain the stand in
a state which enables it to fulfil its intended functions most efficiently. Thinning in this type of forest is likely to influ-
ence biodiversity in the same way as in commercial forests, the only difference being that in water-protection and soil-
conservation forests a narrowing of the genotypic spectrum of tree species can be avoided by preserving individuals
of varying phenotypes and so allow the forests to fulfil their designated functions.

In recreational forests thinning is conducted in order to improve the recreational value of the area. The aesthetic
quality of forest is thereby increased, bird and mammal species are encouraged and a high mushroom and berry yield
ensured. Thinning can be expected to stabilise ‘southernised’ flora and fauna while also narrowing the genotypic spec-
trum of woody plant populations by removing forms of lesser aesthetic value and maintaining aesthetically valuable
phenotypes.

Reforestation activities. These are understood to be steps taken in order to facilitate natural forest regeneration
and the growth of forest cultures.

In forests formed in felling areas operations carried out in order to promote natural forest regeneration affect
biodiversity in a variety of ways depending on the techniques used.

When undergrowth and thin conifers are not removed, formational diversity along with all categories of cenot-
ic, species, population and — most importantly — genotypic plant and to a lesser extent animal diversity typical of
primeval forests are transformed less markedly than during clear fell operations. The practice of leaving seed trees
standing encourages the development of coniferous stands. As a result the original formational diversity together with
all aspects of cenotic, species and population diversity are maintained. However the genotypic diversity of pine pop-
ulations is decreased because only trees of the highest commercial value are left for seeding. When seed trees of spruce
are left as patches the genotypic diversity of spruce populations does not generally decrease.

Coniferous forest cultures contribute to the maintenance of the formational, cenotic and species diversity of
plants and animals. They also favour population and genotypic diversity of mammals and birds typical to primeval
forests. The degrees of population and genotypic diversity depend on the origin of the seeds in question. If local seeds
are used then no substantial changes in the population structure of pine and spruce would be expected. Thus, changes
in the gene pool of these plant populations depend on the seed trees. If seeds are collected on permanent seed plots or
in seed orchards then cenopopulations producing commercially valuable wood can be expected to develop. If seeds
are collected from stands or felling areas during logging operations two alternative outcomes may be expected: a) the
structure of the gene pool of the cenopopulation from which the seeds were collected remains unchanged or b) the
spectrum of the gene pool narrows. This adversely affects the commercial value of the stock as trees producing the
most seeds are usually those with well-developed crowns and, correspondingly, less linear trunks.
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It has already been noted that in order to maintain the initial population and genetic diversity of woody species
it is desirable to leave undergrowth intact when logging, irrespective of the quantity or even quality of the logging. If
the undergrowth is not sufficiently dense then stand productivity may be enhanced by combining the remaining under-
growth with partial forest cultures.

Drainage of mires and paludified forest land. Drainage of land is one of the most efficient ways of increasing
the productivity of forests. As a consequence both abiotic and biotic constituents of forest ecosystems are profoundly
transformed. Forest drainage affects the biodiversity of forests in the following ways:

— forests become phytocenotically more diverse as forest phytocenoses forming on drained land generally pos-
sess unique structural and functional characteristics of their own and therefore have no analogues on either mineral
soils or on paludified land;

— an original fauna forms which combines the characteristics of mire, mineral soil and paludified forest fauna;

Forest fertilisation. The impact of forest fertilisation on biodiversity in taiga forests is in principle similar to
that of drainage reclamation and differs only in the pattern of the biogeocenotic process in initial and transformed
ecosystems. Forest fertilisation affects biodiversity in the following ways:

— as trees grow faster and the crown canopy becomes denser, the dwarf shrub-grass-green moss cover on min-
eral soil types of forest is transformed into a dwarf shrub-green moss type. When fertiliser is applied repeatedly a
green-moss cover succeeded by a dead cover is formed. As a result the ground cover becomes less diverse and incor-
porates some taiga species;

— glades and gaps become occupied by woody plants and filled with the vigorously growing crowns of sur-
rounding trees. The composition and availability of food resources change and the fauna develops certain taiga fea-
tures, usually becoming less prolific. One exception is the wood grouse or capercaillie which feeds off needles in fer-
tilised pine stands and is thus able to maintain its populations;

— as fertilisation gives rise to biocenoses that have no counterparts in nature it should therefore be interpreted
as increasing the biocenotic diversity of forests.

Indirect utilisation of forests. This includes the picking of berries and mushrooms, hay-mowing, grazing, hunt-
ing, collecting medicinal and non-arboreal plants, etc. Most types of indirect use such as picking mushrooms and
berries, collecting non-arboreal plants etc. cause only minor disturbance to mammals and birds. However, hunting,
grazing, hay-mowing and the collecting of medicinal herbs produce an adverse impact on biodiversity.

Unregulated hunting may lead to poor species diversity, the disappearance of certain species and populations
and the impoverished genotypic diversity of game animals.

Unlimited grazing is likely to adversely effect the species diversity of plants and animals, especially birds.
Animals are disturbed and the ground cover, an essential constituent of habitats, is often radically transformed or even
destroyed.

Hay-mowing often increases both species diversity and most animal populations in biocenoses due to the result-
ing mosaic-like character of the habitats formed as well as the enhancing edge effect. The detrimental effects of hay-
making in the taiga zone are relatively small as the hay-making season occurs in July-August when birds have already
fledged and largely dispersed from their breeding grounds.

If the collecting of medicinal plants is not restricted the contribution of these to phytocenosis may decline. In
critical cases their cenopopulations and even populations may disappear completely.

Biotechnical activities in forests. The purpose of biotechnical activities in the narrowest sense is to increase
the biological and economic productivity of hunting areas. In broader terms it is intended to promote the species,
population and genotypic diversity of animals. Biotechnical activities are carried out in order to improve living
conditions, to help animals through the winter season, to prevent disease, to protect them against harmful envi-
ronmental factors such as predators, competitors and human activities, to establish nesting grounds, etc. The
results of such work will depend on its quantitative and qualitative characteristics and in all cases the possible con-
sequences of human intervention should be thoroughly analysed. The provision of favourable conditions for one
particular animal species can cause an imbalance in the biosystem and thus disturb other animal populations and
plant diversity.

Recreation. In order to estimate the impact of recreation on biodiversity, unregulated and regulated forms of
recreation will be discussed separately.

Unregulated recreation has a deleterious effect on biodiversity. As the ground is trampled down some plant
species in the ground cover may disappear in biocenoses and even in entire landscapes. Likewise, those mammal and
bird populations most vulnerable to disturbance are likely to dwindle or even disappear from their respective bio-
cenoses or landscapes.

Regulated recreation entails the delineation of restricted and free access areas, the outlining of itineraries for
guided tours, the establishment of open and semi-open sites of scenic value and artificial nesting grounds, and the
introduction of new woody plant species. Adverse effects on natural biodiversity may be minimised while the species
diversity of plants and animals typical to open and semi-open habitats often increases.

Conclusion. The present paper is an attempt to systematise the study, assessment and maintenance of bio-
diversity in forest ecosystems. The author does not believe his results to constitute any kind of absolute truth but
rather that the work undertaken represents a step towards the correct assessment, maintenance and control of bio-
diversity.
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2.1.2. Present state of the forest cover

General characteristics of forest growth. Karelia is located in the taiga zone in north-western European
Russia. As a consequence of the latitudional extent of its territory there exist noticeable differences in climate and veg-
etation between its northern and southern parts. Thus, the region extends 672 km from north to south and 400 km from
west to east (at the latitude of Petrozavodsk). Its total area amounts to 172.400 km2. A line passing from Karhumaki
to Porosozero divides the territory into two belts of vegetation, namely, the north-taiga subzone and the mid-taiga sub-
zone. The larger part of the territory lies in the north-taiga subzone. Summer is short and cool while winter is long but
usually free of extremely cold temperatures. Cloudy weather is common with both relative air humidity and precipi-
tation high (400-650 mm/year). The mean annual air temperature is about 1° C, varying from 0.5° C in northern
Karelia to 2.2° C in southern Karelia. The lowest air temperatures occur in February and the highest in July. The grow-
ing season is almost one month shorter in northern Karelia than in the south and growing conditions of woody plants
gradually deteriorate on moving from south to north.

The glaciation which affected the present territory of Karelia destroyed all vegetation. After glacial retreat the
land became colonised by typical tundra plants which later gave way to willow and birch forests. These, in turn, were
succeeded by pine forests. At the same time, spruce stands containing typical tundra plants became established. Pine
and spruce forest began to form between eight and nine thousand years ago. During the warm postglacial period cer-
tain broad-leaved species such as lime, wych elm, smooth elm and Norway maple appeared in spruce forests and
Siberian larch penetrated the easternmost part of Karelia.

Characteristics of present vegetation cover. Forest is a basic biotic constituent of Karelian landscapes. The so-
called forest fund, which incorporates small parts of the largest water bodies, covers over 85% of the region and over
95% of the entire forest area. According to the latest data the total land area covered by the forest fund is 14 760 200
ha. Forest land occupies 9 694 700 ha (65.7% of total forest fund area). The total forested area amounts to 9 267 400 ha
(62.8%) (Fig. 12). Total wood reserves are 919.23 million cubic metres of which softwood reserves account for 814.13
million cubic metres. Characteristic of Karelian forests is the high percentage of treeless land (34.3%). 97.7% of such
land is occupies by mires and water bodies. The overall percentage of forest coverage is 53.8%.

Species composition of forests. The composition of coniferous forests in Karelia is relatively poor in terms of
species variety. Pine stands consist of Scotch pine (Pinus sylvestris L.) while spruce stands are dominated by common
spruce (Picea abies (L.) Karst). Siberian spruce (Picea obovata Ledeb.) occurs chiefly to the east of the White Sea-
Baltic Sea Canal and Lake Onega. Finnish spruce (Picea x fennica (Regel) Kom) is widespread as an intermediate
form between the above-mentioned species. Siberian larch (Larix sibirica Ledeb.) and Siberian cedar (Pinus sibirica
Du Tour) have been introduced to southern Karelia in small quantities since the late 1950s. In the Kondopoga and
Pryazha districts there are small Siberian larch stands established in the late 1930s. In the Kondopoga and Pudozh dis-
tricts natural phytocenoses mixed with Siberian larch cover an area of about 17 ha. The deciduous forests of Karelia
consist of silver birch (Betula pendula Roth.), white birch (Betula pubescens Ehrh.), aspen (Populus tremula L. and
grey alder (4/nus incana (L.) Moench) mixed with coniferous species. Common alder (4/nus glutinosa (L.) Gaerth) is
encountered occasionally in paludified spruce stands growing along streams in southern Karelia. It predominates in
some 500 ha of stands in this habitat.

62,8

AA1MIIM IDIMMN
A niinDDMHHnnnk OUnforested area
AAMMAMNTMMlMllhinmnnionew

L\ Vires

A n, .»“.: ,h:h:ij:b,: A\ 1Ll
A Hh J~hyhll e
NAAARZM k1 K H ook OWater
AAMMDNNA
W A5\ M Forest roads, lines
\ g h and other lands

Forested area

23,3
Fig. 12. Forest Fund area of Karelia by land categories, %



DIVERSITY AND CURRENT STATE OF ECOTOPES AND OF FOREST, MIRE AND GRASSLAND COMMUNITIES 37

Another tree species growing in southern Karelia is Karelian birch (Betula pendula Roth., f. carelica). This is
most common in mixed stands formed on abandoned swidden farmlands. Karelian birch occurs in seventy areas either
individually or in groups of tens (less commonly hundreds) of trees. It is a strictly protected species. Most Karelian
birch reserves are located in the Lake Onega basin. This birch species is also cultivated. On the Zaonezhye forestry
seed farm forest with a high proportion of Karelian birch covers an area of 1360 ha.

In southernmost Karelia small-leaved lime (7ilia cordata Mill.), wych elm (Ulmus scabra Mill.), smooth elm
(Ulmus laevis Pall.) and Norway maple (Acer platanoides 1.) grow locally on more fertile soils. However, they are
very sparse in the woody layer and are commonly restricted to the undergrowth.

The forests of Karelia are made up of pine, spruce, birch, aspen, grey alder and common alder formations.
Siberian larch, Siberian pine and common alder are cultivated on a small scale. Pine covers 63.8%, spruce 25.2%,
birch 10.1%, aspen 0.7% and grey alder 0.2% of the forested area (Fig. 13).
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Fig. 13. Forest areas of Karelia by predominant tree species

Pine and spruce communities exhibit irregular distribution patterns. In the north-taiga subzone, where pod-
zolised sandy and rocky soils prevail, pine stands occupy 78.3%, spruce stands 17.9% and birch stands 3.8% of
forested area. Aspen-dominated forest cenoses cover a total area of 1 300. ha and grey alder-dominated communi-
ties only 100 ha.

In the mid-taiga subzone, where less podzolized loamy and clay soils and mesotrophic mires predominate, the
percentage of spruce stands increases to 37%, that of pine stands decreases to 42.8% and that of birch stands rises to
17.8%. Aspen and alder account for 1.6 and 0.8% of forested area, respectively.

Mixed stands are commonplace. Thus, for example, pine stands generally incorporate 10-30% spruce and
10-20% birch. However, most lichen-type pine stands are not mixed. Spruce stands commonly include 10-30% pine
and/or birch. Aspen accounts for 5—10% of bilberry (Myrtillus) forests.

Growing under the forest canopy are mountain ash (Sorbus aucuparia L.), juniper (Juniperus communis L.),
wild rose (Rosa acicularis Lindl.), black currant (Ribes nigrum L.), red currant (Ribes rubrum L.), honeysuckle
(Lonicera xylosteum L.), bird cherry (Padus racemosa (Lam.) Gilib.) viburnum (Viburnum opulus L.), buckthorn
(Frangula alnus Mill.), mezereon (Daphne mezereum L.) and dwarf birch (Betula nana L.).

Age structure of forests. Ten to forty year old stands prevail (Tables 2 and 3), accounting for 40.6% of conif-
erous and 60.3% of deciduous forest area (Fig. 14 and 15).

Stands older than 100 years cover about one third of the total coniferous forest area. Pine and spruce stands
varying in age from 240 to 260 years or over are included in the age group older than 160 years. Fifty to ninety year
old forests are not common.

In deciduous forests there is a high proportion of trees older than 60 years. This type of age composition results
from of relatively recent intensive clear felling operations. As a consequence, pine and spruce gave way to deciduous
species, generally birch, over a large areas especially in the southern part of Karelia. In coniferous forests older than
120-140 years unequally dry dead standing trunks and unequally decomposed brushwood are always present. Dead
wood provides a substrate for many wood-attacking fungus and insect species. The total mass of dead wood amounts
to about 10-15% of that of living trees.
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Table 2
Age structure of coniferous forests, 1000 ha / %
Stands (specified Age, years
according to dominant | -, 21-40 41-60 61-80 81-100 101-160 > 160 Total
tree species)
Pine stands 11742 1544.0 675.2 487.6 392.7 636.4 1004.1 5914.2
19.9 26,1 11,5 8,2 6,6 10,8 16,9 100
Spruce stands 3323 296.9 263.4 176.6 214.7 426.3 621.7 2332,1
P 14,2 12,7 11,3 7,6 9,2 18,2 26,7 100
0.5 0.4 0.1 - 1
Larch stands 50,0 40,0 10,0 - - - 100
Siberian pine stands lg(’)% - - - - - - ?—(’)%
Total 1507.5 1841.3 938.7 664.2 607.4 1062.7 1625.8 8247.8
18,3 22,3 11,4 8,0 7,4 12,9 19,8 100
Table 3
Age structure of deciduous forests, 1000 ha / %
Stands (speci-fied Age, years
according to dominant Total
. <10 11-20 21-30 3140 41-60 > 60
tree species)
. 78.5 89.3 283.0 141.0 100.3 247.7 939.8
Birch stands
8,3 9,6 30,1 15,0 10,6 26,4 100
3.0 33 4.9 22 72 374 58.0
Aspen stands
5,2 5,7 3 s 12,4 64,6 100
0.2 15 4.5 25 6.6 6.0 21.3
Grey alder stands
0,9 7,1 21,1 11,7 31,0 28,2 100
0.1 0.4 0.5
Common alder stands - - -
20,0 80,0 100
Total 81,7 94.1 2924 145.7 1142 291.5 1019.6
ota
8,0 9,3 28,7 14,3 11,2 28,5 100
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25,0 223
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Fig. 14. Age structure of coniferous forests, %

Typological composition of forests (Table 4). Forest types characteristic of the taiga zone of European Russia
are widespread. Lingonberry (Vaccinium) and bilberry (Myrtillus) types are the most common and cover 68% of the
total forested area. The north-taiga subzone is dominated by lingonberry forests types. These types of pine stands
grow on moderately paludified soils with a moderate mineral composition. They are most common on sandy, sandy-
pebble and sandy-boulder soil and on paludified plains.
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Table 4
Typological structure of forests, %
Northern taiga subzone [ Middle taiga subzone [ Whole Karelia
Habitat types . : Stands (spemﬁed according to df)mmand tree spec?es) :
Pine | Spruce | Deci- Total Pine Spruce | Deci- Total Pine Spruce | Deci- Total
stands | stands [ duous stands [ stands | duous stands | stands [ duous
Rupicolous 9 1 1 2 1 — — — 2 — — 1
Cladonia 4 — 1 3 2 — — 1 3 — — 2
Calluna 7 — 3 5 8 1 1 4 7 1 2 5
Vaccinium 35 9 34 30 30 5 18 18 34 7 21 25
Myrtillus 32 56 40 37 33 69 52 32 32 64 56 43
Oxalis - - — — 1 1 4 1 — - 3 1
Herb-rich — — 2 2 — 1 10 2 — — 8 1
Herb-rich along brooks 1 8 2 2 — 1 1 1 1 4 1 2
Polytrichum 2 14 6 5 4 15 3 9 3 15 4 6
Herb and sedge-
Sphagnum — 2 2 1 2 2 2 2 1 2 2 1
Ledum 10 3 2 8 5 1 - 2 8 2 1 6
Sphagnum 7 7 2 7 14 4 2 8 9 5 2 7

These forest types have a crown density of 0.6-0.7 and fall into the quality classes III-V. The ground cover
consists of green moss and dwarf shrubs such as Vaccinium, Myrtillus and Empetrum, together with a small propor-
tion of herbs.

In bilberry(Myrtillus) and lingonberry (Vaccinium) forest types spruce phytocenoses dominate on the gentle
slopes of hills and in shallow depressions separated by mid to high-podzol soils. The soils consist of morainic sand and
sandy loam with intermediate layers of loam. The density of the canopy varies from 0.7 to 0.9 and the quality classes
II-V prevail. The ground cover consists of green moss, bilberry(Myrtillus), lingonberry(Vaccinium) and herbs.

The above types of birch, aspen and alder forests are dominated by young and medium-aged stands which grew
in the wake of felled pine and spruce stands. Oxalis stands are scarce in Karelia. They grow close to bilberry(Myrtillus)
forests on the richest soils and are highly productive. A large proportion of forested land is occupied by phytocenoses
associated with paludified soils. They include Sphagnum, Ledum and Polytrichum forest types and occupy topographic
lows with peat or peat-podzol-gley soils. The productivity of such forest types depends on the extent of groundwater
circulation. In the case of circulating water moistening, highly productive forest types are formed in which each storey
of vegetation is specifically diverse. Creek spruce stands are one example of this type. If water circulation is poor, less
productive forest types such as herb-Sphagnum spruce stands are formed. Stagnant water moistening is associated with
low productivity forests, e.g. Sphagnum pine.

Moisture-deficient (rupicolous, Cladonia and Calluna) forest types cover only 8% of the total forest area. These
types mostly occur in the north-taiga subzone on exposed crystalline rocks, on south-facing esker slopes composed of
pebbly sand or on primitive podzols. Only pine grows on such soils. Spruce stands are rare and the only deciduous
species encountered are young stands occupying former felling sites.
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The woody storey of these phytocenoses is generally of low density (0.4—0.5) and low productivity (quality class-
es V-Va, b). The ground cover is made up of shrubby lichens mixed with green moss, Cal/luna and other dwarf shrubs.

Productivity and density of stands. The coniferous forests of Karelia (Table 5) most commonly consist of com-
munities of quality classes IV-V with a density of 0.6-0.7 (88.2 and 46.6% of the forested area, respectively) Low
density stands (0.3—0.5) account for 28% and high-density stands (0.8—1.0) 18.2%. Sixteen percent of coniferous
forests fall into quality classes II and III with 6.8% in classes V—Va, b.

There are some differences in quality class and density distribution between the age groups. Thus, for exam-
ple, the percentage of phytocenoses of quality class IV is 54.5% among young stands, 37.6% in medium-aged cenoses
and 26.7% in mature and overmature stands. Young stands with a density of 0.6-0.7 make up 56.8%, medium-aged
forests 52.5% and mature and overmature stands 47.4%. Communities of quality class V account for 31.1% in young
stands, 23.8% in medium-aged stands and 53.6% in mature and overmature forests.

Deciduous forests are dominated by cenoses of quality classes II and III. These cover 32.6 and 40.9% of their
area respectively. Phytocenoses of quality class IV make up 20.1% and those of classes V and Va, b just 6.4%. Highly
dense (at least 0.8) communities constitute 53.7%, medium-density (0.6-0.7) 38% and low-density 8.3%. The average

Table 5
Productivity and density of coniferous forests (1000 ha)
Quality class
Density I 1 v \% Va- Vb Total %
and higher
2040 years
0,4 23 7,6 75,8 103,1 29,2 218,0 6,5
0,5 15,6 14,1 224,0 264,7 28,1 546,5 16,3
0,6 9,1 54,8 542,9 380,6 10,9 998,3 29,8
0,7 11,1 106,6 574,0 207,8 3,5 903,0 27,0
0,8 10,5 93,8 2753 61,0 0,8 4414 13,2
0,9-1,0 11,8 71,8 132,3 25,4 0,3 241,6 7,2
Total 60,4 348,7 1824,3 1042,6 72,8 3348,8 100
% 1,8 10,4 54,5 31,1 2,2 100
41-80 years
0,3-0,4 0,8 2,2 12,0 40,9 38,6 94,5 6,0
0,5 2,5 8,5 37,4 77,9 35,3 161,6 10,1
0,6 14,1 44,1 125,9 126,4 12,9 3234 20,1
0,7 49,5 131,9 234,5 99,6 3,2 518,7 324
0,8 473 1224 133,5 27,4 0,6 331,2 20,6
0,9-1,0 32,5 70,9 61,2 8,5 0,4 173,5 10,8
Total 146,7 380,0 604,5 380,7 91,0 1602,9 100
% 9,2 23,7 37,6 23,8 5,7 100
81-100 years
0,3-0,4 0,4 1,6 7,0 18,0 12,4 394 6,5
0,5 2,1 6,1 17,0 32,9 7,9 66,0 11,0
0,6 8,4 24,8 51,1 51,3 3,5 139,1 23,0
0,7 24,4 57,0 76,6 36,1 1,2 195,3 324
0,8 23,6 48,3 443 9,3 0,2 125,7 20,2
0,9-1,0 11,1 17,4 12,0 1,4 0,0 41,9 6,9
Total 70,0 1552 208,0 149,0 25,2 607,4 100
% 11,5 25,5 34,4 24,5 4,1 100
101 years and over
0,3-0,4 0,3 1,8 28,1 2794 285,8 595,4 22,1
0,5 1,2 6,3 84,8 4343 63,6 590,2 22,0
0,6 3,6 20,0 2164 470,1 19,6 729,7 27,1
0,7 3,1 49,0 263,7 221,8 33 545,9 20,3
0,8 7,0 43,0 101,5 31,8 0,3 183,6 6,8
0,9-1,0 2,6 14,5 22,9 3,8 0,1 43,9 1,6
In total 22,8 143,6 7174 1441,2 372,7 2688,7 100
% 0,8 5,0 26,7 53,6 13,9 100
Total
0,3-0,4 3,8 13,2 122,9 441,4 366,0 9473 11,5
0,5 21,4 35,0 363,2 809,8 134,9 1364,3 16,5
0,6 35,2 143,7 936,3 1028,4 46,9 2190,5 26,4
0,7 93,1 344,5 11438,8 565,3 11,2 2162,9 26,2
0,8 88,4 307,5 554,6 129,5 1,9 1081,9 13,2
0,9-1,0 58,0 174,6 228,4 39,1 0,8 500,9 6,2
In total 299,9 1018,5 3354,2 3013,5 561,7 8247,8 100
% 3,6 12,4 40,7 35,5 6,8 100




DIVERSITY AND CURRENT STATE OF ECOTOPES AND OF FOREST, MIRE AND GRASSLAND COMMUNITIES 41

quality class for the forests of Karelia is IV, 3 (IV, 4 for conifers and IV, 5 for deciduous species). As climatic and soil
conditions deteriorate on moving from south to north so the quality also declines. Thus, the predominant quality class
in the mid-taiga subzone is IV and in the north-taiga subzone V. Two-thirds of forests are of density 0.5 to 0.7. Highly
dense (0.8 and higher) stands account for about 20%.

The forests of Karelia are considered to be healthy. Dead wood and brushwood accumulate as some trees die
naturally and others dry out or are damaged by fires, mechanical operations or tapping. The bulk of dead wood dis-
plays a low level of invasion by secondary pests as it has been formed a long period of time.

2.1.3. Assessment of the diversity of forest communities

Introduction. In order to determine and assess species and community diversity we need to address the ques-
tion: what are the limits of diversity? Another important point is the level of natural and dynamic organisation at which
diversity is to be assessed. The current state of affairs regarding the assessment of diversity is rather unclear and in
need of a methodological basis.

The hierarchic system of the structural and dynamic organisation of forest communities is formed in such a way
that biotic diversity increases from one level to the next. For example, there are seldom more than several tens of vascular
plant species in a forest biogeocenosis in the taiga zone. A geographic landscape is one order higher in the hierarchic sys-
tem while a geographic region stands one order above that. The seemingly simple conventional method of assessing floris-
tic and faunistic complexes in administrative and areal units, e.g. provinces, republics and regions) has no real scientific
foundation. These units have nothing to do with the organisation of natural systems or location of natural boundaries, dis-
tribution areas of animals and plant populations, etc. From this point of view such demarcations are entirely arbitrary.

It should also be noted that biotic diversity in a lower order ecosystem may largely depend on its position with
respect to higher order ecosystems. For instance, the number of vascular plants in the ground cover of a common mesic
Mpyrtillus pine-dominated denudation-tectonic ridge (selka) in a mid-paludified landscape is about twice as high as in
a heavily paludified hilly-ridge landscape of similar genesis and habitats simply because in the former landscape the
ground cover is particularly diverse and its microclimatic conditions are favourable. Furthermore, it is impossible to
identify and assess the species diversity of most animals and plants at a site level. This can only be done in sufficiently
large areas within their natural boundaries.

Methodological basis and methods of study. Studies were carried out in the Republic of Karelia, which
includes East Fennoscandia and the adjacent northwestern Russian Plain. The taiga zone of European Russia is the
most characteristic landscape of the region (Gromtsev, 2000). The methodological basis was provided by an orig-
inal classification and a map of landscapes produced using the zonal-typological principle (Volkov et al., 1990,
1995 and others, Table 6, Fig 16). Landscapes were differentiated in terms of genetic types of relief and
Quaternary deposits, the extent of paludification and the predominant types of forest habitats (with respect to
primeval forests). The landscapes were investigated comprehensively by studying the structure as well as the nat-
ural and anthropogenic dynamics of the forest cover including the diversity of forest ecosystems (Gromtsev, 2000;
Gromtsev et al., 1995 and others).

Table 6
Classification of landscapes in Karelia (Volkov et al., 1990, 1995 and others)

. Degree of paludification
Predormnant High Medium
Habitats ~50% 20-50% Low <20%

1. Lacustrine, lacustrine glacial and marine(m) plains:

Spruce 1/1.5 2/4.0 -

Pine 3/8.5 4/2.0 SH+*
1. Glacial (g) and fluvioglacial (fg) hilly-ridge plains:

Spruce - 6/4 -

Pine 7/5.0 8/4.5 9/1.0

111. Glacial accumulation plains with rugged topography:
Spruce - 10/2.5 -
Pine — 11/2.0 —
IV. Denudation-tectonic hilly-ridge plains with complexes of

glacial deposits(g) and low mountain topography (Im)

Spruce - 12/12.5 -

Pine 13/8.0 14/37.5 —

V. Denudation-tectonic ridge (selga, selkd)
Spruce - 15/+ 16/1.0
Pine - 17/2.5 18/1.5
VI. Rock
Pine | - | 19/1.0 | 20/0.5

Values in the above table indicate the classification of landscape type and the area (% of total) occupied by this type. Thus, for exam-
ple, 1/ 1.5 indicates that landscape type 1, i.e. spruce growing in lacustrine, lacustrine glacial and marine plains on terrain of over 50% palud-
ification, occupies 1.5% of the area of all landscape types. * less than 0.5%.
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Fig. 16. Sketch map of Karelian landscapes
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Landscapes provide a convenient tool for determining and comparing biotic diversity at a cenotic level. Under
natural conditions the forest cover may be clearly differentiated at several levels. In the case of Karelia the key taxo-
nomic categories or objects are (Gromtsev, 2000):

1) biogeocenosis within a constituent of the genetic form of mesorelief (forest facies). For example, a mesic
Mpyrtillus pine stand growing on podzol sandy-loam soil on top of a morainic hill;

2) a complex of biogeocenoses existing in contact with one another and occupying a genetic form of mesore-
lief (ecosite), e.g. green-moss pine stands growing on underdeveloped bedrock and fully profiled sandy-loam mottled-
podzol soils formed on crystalline ridges;

3) a complex consisting of 3—4 forest ecosites which alternate regularly within a territory dominated entirely
by the same genetic forms of mesorelief (taiga terrain), e.g. a pine stand growing on an undulating poorly paludified
fluvioglacial plain (Cladonia and Vaccinium stands on sandy podzols and dwarf shrub-Sphagnum stands on transi-
tional peat soils, including small open mires and lakes);

4) a complex of several forest terrains in a genetically uniform territory (forest landscape proper), e.g. large
spruce stands that grow on loamy sand and loamy soils deposited on limnoglacial plains (general terrain) and alternate
locally with isolated closely spaced pine stands on sandy aqueo-glacial hills;

5) a complex of several landscapes similar in their overall spectrum of ecological parameters within different
super-landscape units of physico-geographic demarcation, e.g. a large forest growing on loamy-sand and loamy lacus-
trine and marine sediments in the flat, highly paludified Pribelomorian Depression;

6) a complex of taiga landscapes within a climatic zone (subzone) of a physico-geographic country (landscape
region), e.g. the mid-taiga subzone of Fennoscandia.

It should be emphasised once again that such is the structure of the forest cover in the natural state. Its anthro-
pogenic transformation pattern is reflected by a landscape complex of succession lines (Gromtsev, 2000 and others)
that are not discussed in this paper.

This well-integrated system of structural units of forest cover arranged in increasing order adequately reflects nat-
ural differentiation. Boundaries between the taiga ecosystems of any hierarchic level thus extend along natural bound-
aries resulting from the interaction of climatic, geomorphological, soil, hydrological and other factors and conditions.

The extent of unequally organised forest ecosystems has been determined. It should be noted that the values
given in the present paper indicate the ratios of the areas covered by ecosystems rather than their numerical values
because forest communities of a given taxonomic rank vary greatly in area. For instance, landscape areas range from
19 to 1830 thousand hectares (ha) and reflect the heterogeneous landscape structure of the region. The average area
covered by forest biogeocenoses in the region is usually several hectares, average contour widths being 110-115
metres. Only in some cases does this figure exceed 10 ha. A forest ecosite incorporates as a rule 2-3 primeval bio-
geocenoses and covers anything from 10 to over 100 ha, average contour width being about 300 m. A terrain com-
prises several ecosites and may extend over an area of several thousand hectares including open mires and water bod-
ies. Areas of landscape contours may reach 100 000 ha but do not usually exceed a few tens of thousands of hectares.

The areal dimensions of taiga ecosystems thus increase by about a factor of ten on ascending from one rank to the
next. One exception is the transition from ecosite to terrain because mires and water bodies that usually cover large areas are
considered to be part of taiga terrains. Correspondingly, the area occupied by taiga ecosystems of this rank increases sharply.

Such an approach makes it possible to determine and assess biotic diversity at any (topological, regional or
global) level, clearly relating the distribution of one or other species or community to naturally isolated individual
biotopes, areas, territories, etc.

The key problem in our studies was to identify those territories (forest areas) most valuable with respect to the
diversity and specificity of forest biota. In order to assess the territories identified, the following criteria were analysed
(for each of the 33 landscape types, Table 7):

1) the occurrence in the region or the number of landscape contours;

2) the occurrence of analogues or of similar types of landscape occurring within the same subzone and differ-
ing only with respect to a single landscape feature (e.g. the extent of paludification or the predominant primeval for-
est site type);

3) the area covered in the region.

At the same time, landscape-rank ecosystems were also assessed biogeocenotically according to other cri-
teria such as:

1) the occurrence and distribution of specific types of biogeocenoses (spruce stands and spruce-birch forest-
tundra communities growing in low mountain areas, spruce stands on highly paludified sea coasts, mixed cenoses on
brown and shungite selka soils and other stands that display irregular phytocenotic structures and original floristic and
faunistic complexes);

2) the percentage or proportion of the rarest biogeocenoses (e.g. rupicolous pine stands, Cladonia pine stands,
Oxalis pine and spruce forests and rupicolous spruce stands that cover not more than 3% of all forested area and occur
only in some landscapes). These biogeocenoses occupy extreme growing environments (either the poorest or the most
favourable) for the species in question and are, therefore, both structurally and dynamically unusual;

3) Total number of biogeocenosis types determined,;

4) the breadth of the typological spectrum of forest biogeocenoses and the quantitative ratio of types of forest
community of this rank.
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Table 7

Indices, index values and categories distinguished in assessing the distribution and
biogeocenotic structure of a landscape type (type of forest land)

Indices (for explanations, Categories o_f landscape type.(fore_st land type)
N see text) (rank or numerical values are given in parentheses)
Very Rare (5) | Rare(4) | Less Common (3) | Common (2) | General (1)
Index values used to assess landscape type distribution
1 Occurrence (number of
landscape type contours) 1 2 3 4 >5
. . . One in same subzone | Several in either or
Occurrence of similar Only one in Only one in other .
2 No and one in other  |both same subzone and
landscape types same subzone subzone
subzone other subzone
3 Landscape type area in
region <0.5 0.5-0.10 1.1-3 3.1-5 >5.1
Index values used to assess the spectrum and quantitative ratio of biogeocenosis
types in landscape type
Presence and distribution
1 of specific biogeocenosis General Typical Rare Exception Absent
types
Percentage of most rare
2 biogeocenosic types (%
of forested area) > 30 21-30 11-20 1-10 <1
Total number of
3 biogeocenosis types
determined > 17 15-17 12-14 9-11 <9

It should be borne in mind that the biogeocenotic structure of differing landscape types was reduced
to primeval types of biogeocenoses because the transformation of the forest cover by human activities varies
from one part of the region to another. The primeval type was determined for derivative types of biogeocenoces
(Tables 8 and 9).

This approach is comprehensive, involving six separate indices, and bilateral as it considers both bio-
geocenotic and landscape levels. It may be used to assess the diversity and specificity of forest cenoses in order to
differentiate the region according to these aspects. All landscapes were ranked individually with regard to the
values of two groups of indices and were split into categories on the basis of total numerical values. In order to
avoid errors arising from the uncertainty of particular index values a second assessment was carried out and the
same result obtained.

Extensive data collected during a multi-disciplinary assessment of biota on a regional scale (Biodiversity
inventories ... 1998, 1999, 2000 etc.) was also made use of in our analysis. The results of these studies may be
applied by extrapolation to a large part of the taiga zone in European Russia considering the landscape structure of
the territory.

The bulk of experimental evidence was provided by data from 50 profiles of a range of landscape types and of
total length approximately 250 km.

Results and discussion. Landscape types were split up into five categories on the basis of the results analysed
(Fig. 17):

1. Very rare landscapes(12g.19, 20) occupy only about 4% of total area and occupy the highest categories
according to the values of two out of three indices analysed (total score 13—15, see Table 7). They all 1) occur in
only one place, 2) cover only small areas (about 1-2% of the total area of the region) and 3) have no analogues.
Specialised biotic studies conducted in landscapes 12 Im (Paanajérvi National Park area) and 20 (northern Lake
Ladoga region) indicate that they are floristically and faunistically unique (Inventory and study of biodiver-
sity ...1998, 2000).

2. Rare landcapes (5, 7fg, 11, 15, 17) cover 6% of the region. These occupy the highest categories with respect
to the values of 1-2 indices (total score 10—12). They usually cover small areas (0.5-3% of the total region) and have
only one analogue either in the same subzone or in other subzone. Specialised studies of biotic diversity were only
conducted in landscape 17 (Zaonezhye Peninsula). Species and cenotic diversity was found to be very high
(Biodiversity inventories ..., 2000).

It is safe to assume that other landscapes of this category also contain highly diverse biota. One example is the
large crystalline Windy Belt ridge located in the easternmost part of the crystalline Baltic (Fennoscandian) shield
(landscape 15). This cuts across the Russian plain and extends eastwards over a large distance as far as the province
of Arkhangelsk. Thus, a well-defined topological boundary exists between these physico-geographic countries which
differ from one another markedly in their biota-forming conditions.

3. Less common landscapes (1m, 3m, 9fg. 16, 18) cover 8% of the region. They are considered original chiefly
because they occupy a relatively small area and are represented by only 2—3 contours. In none of the indices do they
occupy the lowest or the highest positions (total numerical values are 8—11). It is only on the White Sea coast that stud-
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Table 8
Biogeocenotic structure of primeval forests in various types of mid-taiga landscape
(based on landscape profile data)
Representativeness of type of biogeocenosis (% of forested area)
Type of biogeocenosis * in various types of landscape (for numerical values see Table 6).

2 3 4 5 | 6g | 7fg | 8fg | 9fg | 10 | 12g | 13 | 14g | 16 | 17 | 20
Pinetum saxatilis 0** 0 0 0 0 0 0 0 0 5 0 0 10 1 25
Pn.cladinosum 0 5 0 5 0 1 0 0 0 0 0 6 0 0 0
Pn. vacciniosum rupestrum 0 0 0 0 0 0 0 0 0 4 0 2 0 6 23
Pn. vacciniosum 1 4 8 34 2 44 25 11 0 0 37 32 0 0 0
Pn. myrtillosum rupestrum 0 0 0 0 0 0 0 0 0 1 0 0 8 15 10
Pn. myrtillosum 6 16 12 27 21 14 50 22 10 13 19 17 12 50 11
Pn. myrtillosum humidosum 0 17 12 8 0 2 3 0 0 0 6 6 0 1 2
Pn. myrtilloso-sphagnosum 0 0 1 0 0 0 0 35 3 1 0 0 8 4 4
Pn. uliginio-fruticulosum 0 4 3 0 0 0 1 0 0 2 4 3 0 2 1
Pn. herboso-, equiseto-sphagnosum | 11 0 0 6 1 0 0 0 0 2 0 1 0 1 3
Pn.fruticuloso-sphagnosum 9 17 24 8 3 31 16 0 1 5 13 17 0 4 9
Pn..caricoso-sphagnosum 3 6 0 0 1 0 0 0 0 5 8 6 3 0 1
Pineta in total 30 69 60 88 28 92 95 68 14 38 87 90 41 84 89
Piceetum myrtillosum rupestrum 0 0 0 0 0 0 0 0 0 8 0 1 7 1 1
Pc. myrtillosum 56 18 15 10 37 0 3 16 58 26 3 2 12 8 5
Pc. myrtillosum humidosum 7 9 13 0 10 0 0 0 9 10 5 0 14 1 1
Pc. oxalidosum 0 1 5 0 3 0 0 1 15 5 0 0 8 0 0
Pc. myrtilloso-sphagnosum 5 2 1 2 7 0 1 0 1 6 1 3 8 0 0
Pc. fontinale 0 1 1 0 1 3 0 2 2 1 0 0 2 5 3
Pc. herboso-, equiseto-sphagnosum| 2 0 4 0 14 2 1 13 1 6 3 4 5 1 1
Pc. caricoso- sphagnosum 0 0 1 0 0 3 0 0 0 0 1 0 3 0 0
Piceeta in total 70 31 40 12 72 8 5 32 86 62 13 10 59 16 11

* For a list of biogeocenosis types in English see supplement.
** Not identified in landscape profile.

ies with a special emphasis on biotic diversity were carried out (landscapes 1m, 3m). These showed that both species
and communities occurring in the study area possess distinctive patterns of diversity (Inventory and study of biodi-
versity ... 1998).

Based on preliminary data (Gromtsev et al., 1995), landscapes 16 and 18 of the ‘selka’ group are assumed to
be similar in biotic diversity to landscape 17 (see rare landscape category).

4. Common landscapes (2, 3. 4, 6g, 7g, 8fg, 8g, 10, 13, 13g, 14) cover 41% of the region. Being of widespread
occurrence they score the lowest values in 1-2 indices analysed (total score 4—7). They display a normal biotic diver-
sity except for some fragments of territories ranking as sub-landscape units (terrains and ecosites). Thus for example,
a very high vascular plant diversity is found in large-scale tectonic faults with spruce stands growing on rich soils with
circulating moistening.

5. General landscapes (12g, 14g). These two types of landscape are similar in biotic diversity to the above.
However, covering 41% of the region, they form a category of their own (total score 3, occupying only the lowest posi-
tions). General landscapes are the most common for both the mid-taiga and north-taiga subzones.

Only three of the above landscape types were identified on the basis of biogeocenotic diversity (see Tables 8 and 9):

1.Rare landscapes (3m, 12Im, 19, 20) occupy 7% of the region (total score 10—12, the lowest values of the indices
analysed are not included). They exhibit a high percentage of rare types as well as structurally and dynamically specific
forest communities, e.g. rupicolous pine stands growing on the White Sea and Lake Ladoga shores (3m, 19, 20). 20-50%
of these areas are taken up by rare landscapes (an unprecedentedly high figure for Karelia) where woodlands are formed
on large crystalline domes. This category also includes a low-mountain landscape (121lm) with unique thin Myrtillus
spruce stands and forest-tundra communities rimming large crystalline hills with unique floristic complexes.

2. Original landscapes (1m, 9fg, 12¢g, 14¢g, 15, 16, 17, 18) cover 49% of the region (total score 7-9). They dis-
play a relatively broad biogeocenotic spectrum (e.g. landscapes 12g and 14g include almost all types of forest com-
munities except for coastal and low-mountain types) or contain a substantial contribution of original forest types such
as 1) highly productive mixed Myrtillus and rupicolous Myrtillus pine and spruce stands with enriched floristic com-
position growing on rich soils formed on ultramafic and mafic rocks (landscapes 16 and 17); 2) thin coastal spruce
stands with meadow patches on saline marsh soils containing numerous rare vascular plant species, etc.

3. Common landscapes (2, 3. 4, 5, 6g. 7g, 7fg, 8fg, 10, 11, 13, 13g, 14) occupy 44% of the region (total score
4-6 with 1-2 lowest positions). These are the most common in terms of both the spectrum and quantitative ratio of
biogeocenosis types.

Based on the above criteria, none of the landscape types qualified as ‘very rare’ or ‘general’. The biogeocenotic
structure of these landscape categories has already been described in detail in previous publications (Biodiversity
inventories ... 1998, 1999, 2000; Gromtsev, 2000 and others).
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Table 9
Biogeocenotic structure of primeval forests in various types of north-taiga landscape (based on landscape profile data)
Type of biogeocenosis Representativeness of type of biogeocenosis (in % of forested area)
on various types of landscape (for numerical values see Table 1)

Im 3m 3 4 8fg 12g 12Im 13g 14g 14 18 19

Pn. saxatilis 6 21 0 0 0 0 0 0 1 5 0 50
Pn.cladinosum 0 0 8 22 20 0 0 0 0 0 0 0
Pn. vacciniosum rupestrum 0 3 7 8 3 0 10 7 2 12 6 5
Pn. vacciniosum 2 5 43 34 56 2 0 5 6 33 35 0
Pn. myrtillosum rupestrum 0 0 0 0 0 0 0 7 1 2 7 8
Pn. myrtillosum 0 2 0 0 6 26 5 30 35 9 28 0
Pn. myrtillosum humidosum 0 5 0 0 0 0 0 3 3 2 0 0
Pn. myrtilloso-sphagnosum 4 0 0 0 0 0 0 3 3 0 0 0
Pn. uliginio-fruticulosum 8 15 8 6 2 0 0 1 0 17 1 8
Pn.fruticuloso-sphagnosum 33 44 34 18 4 11 0 8 14 0 4 13
Pn.caricoso-sphagnosum 5 2 0 0 9 5 0 2 8 20 2 3
Pineta (Pn) in total 58 97 100 88 100 44 15 66 73 100 83 87
Pc. myrtillosum rupestrum 4 0 0 0 0 2 26 0 1 0 1 8
Pc. myrtillosum 0 0 0 0 0 50 47 25 9 0 8 0
Pc. myrtillosum humidosum 28 0 0 0 0 0 9 4 7 0 0 0
Pc. myrtilloso- sphagnosum 4 0 0 0 0 0 1 3 4 0 0 3
Pc. fontinale 0 2 0 6 0 1 0 2 3 0 6 1
Pc. herboso-, equiseto-sphagnosum 6 1 0 4 0 1 0 0 1 0 2 1
Pc. fruticuloso-sphagnosum 0 0 0 2 0 2 2 0 2 0 0 0
Piceeta (Pc) in total 42 3 0 12 0 56 85 34 27 0 17 13

Conclusion. The results presented were obtained in the first stage of a landscape-based study of the diversity
of taiga ecosystems. In the region under study they can be used to differentiate forest areas of the order of 100 000 ha
in this aspect. The most valuable woodlands were identified where study of species and cenotic levels is desirable. The
data obtained by specialised assessment of biotic diversity shows that this approach is correct (Biodiversity invento-
ries ... 1998, 1999, 2000 et al.). The characteristics of the region can be analysed in the same way at a sub-landscape
level (ecosites that cover up to 1 000 ha and terrains that occupy 1 000—10 000 ha).

On the other hand, the classification proposed provides a permanent systemic basis for conducting such stud-
ies in the region. It may be used in order to design a representative network of experimental areas covering the entire
territory where the study of biodiversity is considered desirable. Using the ratios of the different types of landscape
and sub-landscape units, data obtained may be extrapolated for any part of the region. This approach is methodologi-
cally applicable to any taiga region.

In accordance with the principle of landscape representativeness, a regional system for a network of protected areas
containing primeval forests and of great value in terms of biodiversity has been proposed (Gromtsev, 2000 and others).

Supplement

Types of forest biogeocenosis

(Latin) (English)

1. Pinetum. saxatilis Rupicolous pine stand

2. Pn. cladinosa Cladonia pine stand

3. Pn. vacciniosum rupestrum Rupicolous Vaccinium pine stand
4. Pn. vacciniosum Vaccinium pine stand

5. Pn. myrtillosum rupestrum Rupicolous Myrtillus pine stand
6. Pn. myrtillosum Myrtillus pine stand

7. Pn. oxalidosum Oxalis pine stand

8. Pn. myrtillosum humidosum Humid Myrtillus pine stand

9. Pn. myrtilloso-sphagnosum Myrtillus-Sphagnum pine stand
10. Pn. uliginio-fruticulosum Mire-dwarf shrub pine stand

11. Pn. fruticuloso-sphagnosum Dwarf shrub-Sphagnum pine stand
12. Pn. caricoso-sphagnosum Sedge-Sphagnum pine stand

13. Piceetum myrtillosum rupestrum Rupicolous Myrtillus spruce stand
14. Pc. myrtillosum Myrtillus spruce stand

15. Pc. oxalidosum Oxalis spruce stand

16. Pc. myrtillosum humidosum Humid Myrtillus spruce stand

17. Pc. myrtilloso-sphagnosum Myrtillus-Sphagnum spruce stand
18. Pc. fontinale Creek (ravine) spruce stand

19. Pc. herboso-, equiseto-sphagnosum Grass-, horsetail-Sphagnum

20. Pc. fruticuloso-sphagnosum Dwarf shrub-Sphagnum
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2.1.4. Landscape models of the primeval forests

Introduction. The basic criterion used for evaluating a system of strictly protected areas is the representative-
ness of its landscapes. This is because the structure of biota is dependent on landscape characteristics such as the nature
and genesis of relief, rock composition, the composition and thickness of Quaternary deposits, the extent and pattern
of paludification, the characteristics of its hydrographic network, the composition of the soil cover and microclimatic
conditions present, etc. In an ideal case each type of landscape-ranking taiga ecosystem would be conserved.

The first stands to be protected in taiga areas nowadays are primeval forests. As a result of large-scale commer-
cial felling these have become greatly diminished in size and occur only as fragments. The westernmost fragments of
primeval forest in the taiga zone of Eurasia and the last relatively large fragments in Fennoscandia are to be found in
Karelia. Of particular importance are several landscape models of primeval forest which differ considerably from one
another with respect to all parameters of natural structural-dynamic organisation including biotic diversity (Fig. 18).

Spruce forests in a low-mountain landscape (near Lake Paanajarvi, Paanajarvi National Park, area N «A’, see
fig. 18). Spruce stands account for about 85% of the forested area with rupicolous Myrtillus and fresh Myrtillus spruce
stands predominating. Forest communities were formed in a large burned-over area at least 300--350 years ago and
passed through a coeval stand stage. The multi-age structure of the stand is presently developing. The average age of
stands varies from 160 to 200 years. The average age refers to the generation predominating the stand in terms of tim-
ber reserves. However, the age of all trees in the upper storey actually covers a considerable range, i.e. from 80 to over
270 years (the maximum age reported so far on mineral soils). This shows that the formation of the stands of differ-
ing age structures, a standard indicator of climax forest communities, is gradually coming to an end. The forests are
poorly productive (average quality class is V, 6 and wood reserves at the age of 120-140 years are 115 m3/ha.

These spruce stands have remained more or less untouched by selective felling. Such spruce communities in
Karelia, including spruce-birch forest-tundra communities, are very rare. They grow in severe conditions on the thin
soils of low mountains in the coldest part of Karelia. Their flora is highly characteristic and they are highly sensitive
to human activities (from here onwards the author uses the term ‘sensitive’ to mean those stands susceptible to atmos-
pheric pollution, capable of regenerating naturally after clear felling and resistant to recreational stress.

Pine forests in a rupicolous north-taiga landscape (northern part of the Karelian White Sea coast, area
N «B’, see fig. 18). Pine stands make up about 90% of the forested area. Rupicolous and green-moss rupicolous pine
stands predominate (60 and 15% of the pine forest area respectively). The age structure of the pine stands is charac-
terised by 2-3 indistinct pine generations with ages of approximately 100, 200 and 300 years. This structure results
from the periodic elimination of individual trees and their biogroups by forest fires. Gaps formed by fires are then
filled by individual pines or groups of pine undergrowth. A pine generation aged 250 to 350 years is prevalent in terms
of wood reserves. These forests are of low productivity (average quality class is Va.5 and wood reserves at the age of
120-140 years are 65 3/ha). The bulk of pine stands growing on mineral soils were affected by low to moderate inten-
sity selective felling over 50 years ago. During the intervening period the natural structure of the stands has been more
or less restored. As a result of felling the proportion of 200 to 300 year old trees has decreased. This is a very rare type
of woodland and grows under extreme conditions on large rocky domes with almost completely exposed crystalline
basement surfaces in one of the coldest areas of Karelia. Its flora is poor in terms of species composition and it is sen-
sitive to human activities.

Spruce forests in a highly paludified sea plain landscape (northern part of the Karelian White Sea coast, area
N «C, see fig. 18). Predominantly open paludified pine stands cover about 60% of the forested area. However, spruce
stands prevail on 80% of drained land. This is a fundamental environment—forming forest type. Spruce forests most-
ly (70%) comprise humid Myrtillus stands (in the initial stages of paludification with a thick coarse-humus litter part-
ly transformed into peat). This woodland has avoided the effects fires for at least 400—500 years. The oldest spruce
trees growing on mineral soils are about 300 years of age. The spruce stands evolving on mineral soils are of low den-
sity (0.45-0.55) and occur as islands in large open mires and within thin pine stands on peat deposits. These forests
are poorly productive (average quality class is Va.5 and the wood reserves of 120 to 140 year old trees are 70 m3/ha).

These spruce forests consist of unique virgin stands bearing no signs of felling. They grow on a highly palud-
ified flat sea plain in one of the coldest areas of Karelia. Their coastal flora and fauna are highly characteristic. They
are highly sensitive to human activities.

Pine forests in a north-taiga denudation-tectonic landscape (west of Lake Kuito (Kuittijarvi), mostly with-
in the Kostomuksha Strict Natural Reserve and the proposed Kalevala National Park, area N «D’, see fig. 18). Pine
stands cover about 85% of the forested area. Extensive stands of pine with spruce growing mostly along the hydro-
graphic network are common.

The forest communities occurring in this territory are representative of almost all the forest types known in
Karelia. Generally speaking, this territory displays a topo-ecological succession of forest. communities highly typical of
East Fennoscandia. Almost all types of forest biogeocenoses succeed one another in various combinations from hill and
ridge tops to the central parts of large mires. Rupicolous pine stands occupy 1% of the forested area and are restricted
to occasional exposed scarps in the crystalline Baltic shield. On slopes they give way to fresh Myrtillus pine stands
(35%) growing on sandy loam podzols. Fresh Myrtillus spruce stands (10%) are common on the lower parts of hills and
ridges where they usually occur together with ravine spruce stands (3%) on rills of discharge. On mineral soils forest
communities of dwarf shrub-Sphagnum pine stands (15%) are common on peat soils rimming open mires on plains, etc.
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Fig. 18. Highly dense coniferous forests over 120 years in Karelia. Satellite scanning survey data, 2000. Image processed by P. Litin-
sky. Image boundaries are shown by a dotted line. Letters indicate areas with the last large fragments of primeval forest (see text).
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Phytocenotically, these forest communities are highly typical of the north-taiga subzone of East Fennoscandia.
The composition of their stands (predominance of conifers) and that of the ground cover (occurrence of common plant
species) are typical. Lush spruce undergrowth or a secondary spruce storey exists under the canopy of about half of
rupicolous Myrtillus and fresh pine stands. In these stands pine does not regenerate and is being gradually ousted by
spruce. In nature a stable dynamic equilibrium between pine and spruce formations is maintained by periodic fires.

Age of forests. Stands growing on most mineral soils vary in age from 120 to 160 years. The maximum age of
individual trees growing on the periphery of paludified habitats is estimated at 450 years. It is difficult to determine
this most important of parameters in the oldest trees because the cores of their trunks are affected by rot. The age struc-
ture of stands varies considerably from one habitat type to another. For example, rupicolous pine stands commonly
contain at least 2—3 tree generations with ages ranging from 80 to over 300 years and wood reserves varying substan-
tially. Fresh Myrtillus pine stands are generally coeval (120 to 140 years) but individual pine trees may be over 300
years old. In ravine spruce stands trees may vary markedly in age and the transition between the age groups is smooth.
The greatest age reported for ravine spruce stands is 270 years. However, 160 to 200 year old trees predominate. The
forests discussed are highly productive (average quality class is IV.5 and wood reserves at the age of 120 to 140 years
are 140 cubic metres/ha).

Generally speaking, the territory contains a complete natural spectrum of forest communities ranging from
open plant communities growing in burned-over areas to climax spruce stands evolving in ravine habitats that can
hardly have been affected by fires.

Forest growth conditions are fairly uniform and favourable to both pine and spruce over most of the area. Since
spruce prefers the shade the area covered by spruce stands increases by virtue of a secondary spruce storey penetrat-
ing the upper pine canopy. Rupicolous, sedge-Sphagnum and other types of habitats associated with extreme growing
conditions are the exception rather than the rule. However, the present-day areal distribution of pine and spruce stands
is basically a consequence of the pattern of forest fires over the past millennium.

Most profoundly affected by forest fires are rupicolous pine stands (4 fires in the past 170 years). In Vaccinium
pine stands some individual dead standing trees bear no less than seven non-coeval fire scars. In creek, ravine, grass,
and horsetail-Sphagnum types of spruce stands, traces of fire are observed only at the periphery. Dating of fire scars
on trees has shown that fires broke out in rupicolous Vaccinium and fresh Vaccinium pine stands growing on mineral
soils about 220, 130, 100 and 60 years ago. Based on the results of stratigraphic analysis of peat deposits the oldest
fires occurred in this area at least 3000 years ago. Over the past millennium fires occurred about once every hundred
years and spread over most mineral soils. A greater number of fires occurred over the past few centuries presumably
due to human activities.

Modern forest communities thus represent different stages of pyrogenic succession ranging from pioneer plant
groups occurring in open burned-over areas to relatively stable 300 year old stands with at least two to three genera-
tions of trees that have survived a number of fires.

At least a half of the forests growing on mineral soils have been subjected to selective felling although this has
generally been of low intensity. This has not produce any substantial effect on the structure of communities but has
resulted in a higher percentage of spruce in areas where pine was felled. These are the largest well preserved fire-gen-
erated primeval pine taiga forests in Fennoscandia as well as being the westernmost in Europe. The forest communi-
ties evolving in this territory are highly typical of the north-taiga subzone of East Fennoscandia.

Coniferous forests in mid-taiga mostly on morainic landscapes (near Lake Vodlozero, mostly in the south-
ern part of Vodlozero National Park, area N «E’, see fig. 18). Pine and spruce stands occur in such forests in the ratio
of approximately 1:4. Primeval stands were formed on mineral soils about 350—400 years ago after large-scale fires
which devastated large adjacent territories including some areas in the districts of Arkhangelsk and Vologda. When
free from external disturbance forest communities evolve in paludified habitats over long periods of time.

Pine forests. Myrtillus pine stands and dwarf shrub-Sphagnum pine stands occur in approximately equal pro-
portions. Stands growing on mineral soils are coeval as they evolved in an open burned-over area and the first gener-
ation of trees is still intact. The average age of pines is about 300 years. Spruce undergrowth and fragments of a sec-
ondary spruce storey are generally widespread enough for gradual species succession to occur after 100—150 years.

In paludified habitats there generally occur two or three age groups of pine trees. The age of individual trees
varies substantially as these communities have long escaped the effects of external factors, excepting that of wind.

Pine stands covered at least a quarter of the forested area. By now their proportion in territories undisturbed by
clear felling has fallen markedly as a result of repeated selective felling. Pine communities display a very broad typo-
logical spectrum. Pine stands evolved in all types of forest habitats ranging from the driest oligotrophic habitats, e.g.
small fragments of Cladonia pine stands growing along open mires, to the wettest oligotrophic environments, e.g.
sedge-Sphagnum pine stands. However, over most of the territory pine forests are dominated by fresh Myrtillus stands
(about 70%).

Both the structure and patterns of succession of primeval pine stands are highly diverse. These were affected
by fire to a far greater extent than were spruce stands. Coeval pine stands were commonly formed on open burnt-over
areas. On light sand and loamy sand soils they were periodically damaged by fires. Some burnt trees died and the
resulting gaps were filled by groups of pine undergrowth. As a result pine phytocenoses containing two or three gen-
erations were formed. In paludified habitats rarely affected by fires old trees that died out were gradually replaced,
thus giving rise to stands of mixed age with no particular generation dominating the upper storey.
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Luxuriant spruce undergrowth and a secondary spruce storey were formed in pine stands that penetrated spruce
forests. Three hundred years after pine started to regenerate in burned-over areas spruce gradually began to prevail in
the first storey and eventually pine stands were transformed into spruce stands.

In the absence of fires over most of this territory pine forests were gradually replaced by spruce stands, except
in paludified oligotrophic habitats with extreme forest-growing conditions where this process is indefinitely long.

Spruce forests are generally dominated by Myrtillus spruce stands (about 75%). Few trees in this forest type are
older than 300 years. Preliminary data suggests that the first spruce generation to form in burnt-over areas under a
birch canopy has by now completely disintegrated. Mixed aged spruce communities are now evolving.

Forest communities are partially disintegrating and rejuvenating according to what may be described as a gap-
mosaic pattern. Gaps are formed by storms which may be powerful enough to fell individual trees and even groups of
trees. Such patches vary in size from a few square metres to over half a hectare. Such gaps are generally filled by aspen
with spruce as undergrowth. The aspen storey then disintegrates and spruce begins to dominate (a coeval area of spruce
is formed). The subsequent partial disintegration of the spruce biogroup is accompanied by the formation of a new
generation in gaps and so on.

Gap-mosaic may vary from recently formed open sites with fallen aspen trunks to 120 year old aspen stands
with a secondary spruce storey penetrating the upper canopy. Myrtillus spruce stands of quality class III prevail.

This particular territory includes a variety of paludified habitats which vary substantially in peat thickness,
extent of flowage, size and outline of area occupied, etc. In monodominant spruce forests such habitats are usually
occupied by spruce stands. These are protected from even large-scale fires and may thus exist in stable dynamic equi-
librium for thousands of years. Only global climatic variations can affect them.

Paludified spruce stands contain a number of tree generations. Indeed, specimens of all ages ranging from
seedlings on fallen and decaying trunks to 330 year old individuals growing on mineral micro-elevations may be
found. A high degree of vertical differentiation and horizontal mosaicity is typical of these forest communities.
Individual birches commonly occur in the upper storey, alder and birch being present in the undergrowth. Productivity
usually corresponds to quality class V.

Under natural conditions forest-forming processes began in large open burnt-over areas rapidly overgrown by
birch and to some extent aspen. The developing canopy of deciduous stands was gradually penetrated by spruce orig-
inating from paludified spruce forests that had survived fires. Thus deciduous stands with undergrowth followed by a
secondary spruce storey were formed. Between 100 and 120 years later spruce began to dominate in the upper storey
and after the dying-out of the shorter-lived deciduous species coeval spruce stands became established. As the first
spruce generation disintegrated a second generation of spruce began to fill the gaps and so forth leading to the forma-
tion of stands of mixed age. These existed in a climax state (i.e. in a relatively stable dynamic equilibrium) until the
next catastrophic fire broke out. The formation of mixed age climax spruce forest takes about 500 years.

The pine and spruce stands that occur in the western part of the mid-taiga subzone are very common in type
and contain highly characteristic flora and fauna. They are fairly resistant to human activities. Spruce stands regener-
ate through a deciduous community stage.

Conclusion. Model forests play a key role in the conservation of the full spectrum of natural diversity of the taiga
zone. Primeval forests have persisted as small isolated fragments elsewhere in Karelia, e.g. in the Kivach Strict Nature
Reserve, where they cover 10 000 ha in a mid-taiga tectonic ridge (selka) landscape. These forests stand out against large
secondary coniferous-deciduous forests formed on former felling sites. Woodlands transformed by human activities, e.g.
the forest communities in the landscapes of the Zaonezhye Peninsula and along the northern shore of Lake Ladoga, dis-
play a highly diverse flora and fauna. In spite of large-scale agricultural development and forest management these may
also serve as models, their value depending on the degree of rare or otherwise unique characteristics involved.

Based on the representativeness of landscapes in protected areas, we believe that at the very least all major
landscape models (standards) of primeval taiga must be conserved. In other words, an areal system of taiga fragments
consisting of contrasting types of geographic landscapes is required. Several basic variants are proposed tentatively
for the western part of Russian taiga zone:

— ‘red’ taiga, understood as pine forests generated on pyrogenic aqueoglacial landscapes;

— ‘black’ taiga, consisting of spruce stands growing in low-mountain or morainic landscapes;

— ‘light’ taiga, composed of mixed spruce-pine forests evolving in selka landscapes, etc.

In order to form a network of protected areas forests should be divided on the basis of landscape zoning into a
number of major categories, namely, 1) main stands that occupy most of the forested area; 2) rare stands covering small
areas in some parts of the region; and 3) unique stands known only at one locality. These categories may be used as
basic models (standards) reflecting the native diversity of forests.

2.2 Mires
2.2.1. Mire vegetation
Introduction. Mire ecosystems are structurally complex and they were studied on 3 to 7 organisation levels

(Cajander, 1913; Galkina, 1946; Lopatin, 1954; Masing, 1960, 1982; Moen, 1990 and others). Four basic structural
categories, namely, mire complex systems, mire complexes (massifs), mire sites and mire communities (cenoses),
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form the basis for describing the diversity of mire ecosystems in any large region. Research methods and principles of
classification vary from level to level.

The Republic of Karelia is a highly paludified region located in the boreal zone. Mire ecosystems cover one
third of its territory. The geological, geomorphological and climatic conditions of Karelia are responsible for the diver-
sity of vegetation, genesis and stratigraphy of its mires. Karelian mires have been studied thoroughly and have been
described in over a thousand publications (Yelina et al., 1984, Methods ..., 1991). In the present paper the diversity of
mire ecosystems is characterised according to number of structural levels although emphasis is placed on the mire
community level which is of primary importance for assessing the diversity of ecosystems in any region. The vascu-
lar plant flora of Karelian mires has been analysed earlier (Kuznetsov, 1989).

Typology of mire massifs and mire complex systems. The criteria used to distinguish between types of mire
massifs are vegetation, hydrology and stratigraphy. On this basis a classification containing several types of Karelian
mire massifs has been proposed (Galkina, 1959; Yurkovskaya, 1975). The classification of mire massifs in the
European part of the former USSR was drawn up according to floristic and geographic criteria. It includes twenty-
eight geographic types of mire massifs (Yurkovskaya, 1980), thirteen of which may be found in Karelia. Mire massif
types in Russia were defined as part of the production of a vegetation map of Europe (Rybnicek & Yurkovskaya,
1995). Of twenty-two types occurring in Europe nine are found in Karelia. Four types occur at the boundaries of their
distribution areas (Fig.19) and the lichen-rich subtype of Sphagnum fuscum raised bog of the White Sea Coastal region
occurs chiefly in Karelia. Some of the types proposed earlier in the former USSR (Yurkovskaya, 1980) are regarded
as variants of larger European types.

Most mire massifs in this region form mire complex systems. The main types of Karelian mire complex sys-
tems have already been described (Galkina, 1959; Yurkovskaya, 1995). The typology of mire systems was first devel-
oped in 1968 during the production of a mire vegetation map of Karelia (Yurkovskaya, 1968). There are few publica-
tions outside Russia which analyse the structure and genesis of mire complex systems.

Typology of mire sites. Mire researchers outside Russia study the structure of mire ecosystems mostly at the
level of mire sites. Mire sites are distinguished and classified on the basis of floristic, ecological and hydrological cri-
teria. There are detailed classifications of mire sites in Finland (Ruuhijirvi, 1960; Eurola et al., 1984) and Canada
(Racey et al., 1996). A comprehensive classification of mire vegetation has also been developed for North Europe
(Pahlsson, 1994). According to some European and North American classifications mire sites are identified in terms
of plant communities (associations). However, many mire types have a well-developed microrelief and occur as a com-
plex of several associations (Eurola et al., 1984; Jeglum, 1991).

According to Russian mire terminology mire sites are commonly called facies (Lopatin, 1954). In Russia facies
are classified with respect to vegetation characteristics and nutrient content. Simple and complex (e.g. ridge-hollow,
string-flark) groups of facies are always distinguished. Several classifications of mire facies have been developed for
some parts of Karelia but there is still no classification for the whole of Karelia.

Methods of classifying vegetation. The level preceding that of the mire site in the structural study of mire
ecosystems is the mire community. Mire communities commonly cover areas of tens to hundreds of square metres
determined according to the size of edificators of mire communities, natural succession on mires and the development
of microrelief.

The diversity of vegetation at a cenotic level (B-diversity) and its conservation in any given region are based
on the classifications of communities. Methods of classifying vegetation have been discussed by phytocenologists for
over a hundred years. Some methods and principles of classification of communities have been developed. The main
principles relate to dominant, floristic and topological-ecological features (Alexandrova, 1969; Mirkin, 1985). Each
method has its own syntactic units and criteria for identifying them. The lowest units in most classifications are asso-
ciations, their ranges varying substantially.

All the above methods are also used to classify mire communities in Russia and Europe (Boch & Smagin, 1993;
Dierssen, 1982; Moen, 1990). Mire vegetation has been studied most thoroughly in Northwest Russia and the coun-
tries of Scandinavia. Some classifications have been developed according to a variety of methods (Osvald, 1923;
Bogdanovskaya-Guienef, 1928; Paasio, 1941; Nordhagen, 1943 and others). Classifications presented in some publi-
cations (Zinzerling, 1938; Yurkovskaya, 1959, 1992; Kuznetsov, 1991 and others) are arrived by different methods and
do not account for the full diversity of Karelian mire communities.

Floristic classification of mire vegetation of Karelia. Over the past fifteen years analysis of all available data
concerning Karelian mire vegetation has been carried out with a view to improving its classification. A data bank of
over 5 000 geobotanical descriptions (releves) has been compiled. Initially it was decided to develop a classification
employing the floristic method widely used in Central Europe and lately in Russia to classify mire vegetation
(Rybniéek, 1985; Boch & Smagin, 1993). A preliminary floristic classification of mire vegetation was produced which
consisted of 36 associations belonging to 12 alliances, 9 orders and 5 classes. The classification and the distribution
of each association identified in nature reserves and national parks (both existing and proposed) lying along the
Russian-Finnish border has recently been published (Kuznetsov et al., 1998; Kuznetsov et al., 2000). To classify mire
communities floristically a complex procedure for identifying and validating unequally ranking syntaxa is used. In
order to distinguish syntaxa geobotanical data from adjacent areas (descriptive tables) must be compared and the
floristic and climatic patterns of the study regions must be considered. However, descriptive tables for Russia have
never been published. According to our classification some associations reported for mires in Scandinavia (Dierssen,
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White
Sea
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Fig. 19. Mire districts (1-5) of Karelia and their main mire massif types

1. White Sea Cost — lichen-rich Sphagnum fiiscum raised bogs, 2. North and Central Karelia —
Fennoscandian aapa mires, 3. Southern Karelia — eastern Finnish-western Russian Sphagnum
fuscum raised bogs with Calluna vulgaris and Chamaedaphne calyculata (this type of bog is
also common in the district 2), 4. Eastern Karelia — northeastern European aapa mires,
5. South- Eastern Karelia — Sphagnum fuscum raised bogs with Chamaedaphne calyculata
(this type of bog is also common in the district 4).
A— A — south boundary of aapa mires, B — B — boundary between northwestern European and
northeastern European types of bogs and aapa mires

1982) and Northwest Russia (Boch & Smagin, 1982) are subdivided into smaller ones while several new associations
still requiring validation have been identified. The complexity of processing, the need to collect materials on a large
scale and a failure to distinguish associations directly during field studies restrict the use of the floristic method in the
classification of mire vegetation and rapid assessment of plant diversity especially in small regions.
Topological-ecological classification of vegetation. Topological and topological-ecological systems of classi-
fication are widely used in Scandinavia and Canada (Jeglum, 1991; Péhlsson, 1994; Racey et al., 1996). They are
based on the combination of the ecological features of habitats with their phytocoenotic parameters. In order to dis-
tinguish between the lowest ranking units of classification dominant species and diagnostic groups of species are wide-
ly used. In topological classifications of mires the lowest ranking units are called mire types. Some authors define them
as both homogeneous sites containing a single cenosis and complex sites (Eurola et al., 1984) for which Russian mire
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scientists use the term ‘facies’. Others (Lindsay et al., 1985; Moen, 1985; Galten, 1987; Jeglum, 1991) understand mire
types in terms of fairly uniform cenoses. The topological-ecological classification of vegetation developed for North
Europe is the most detailed and logical system (Pahlsson, 1994). According to this system of classification mire veg-
etation falls into sixty-three types which belong to five main complexes. Each syntaxon is assigned a digital code
(index). It has been noted that the types distinguished are essentially similar to phytosociological categories of asso-
ciations and communities. Lists of main species are presented along with dominant species for each type. Many types
are similar in terms of size to floristically distinguished associations; some are smaller while others include a broad
spectrum of communities.

Topological-ecological classification of mire vegetation of Karelia. Based on the classification of vegetation
compiled for North Europe a topological-ecological classification of Karelian mire vegetation was developed which
employed existing data concerning releves together with the results of studies carried out in the areas to be protected.
In order to divide these descriptions into preliminary phytocenoses twelve ecological groups of mire species known to
Karelia were established (Kuznetsov, 1991). Such groups of species are widely used as regional groups by many phy-
tocenologists in order to differentiate and characterise syntaxa (Nitsenko, 1969; Eurola, 1962; Galten, 1987). The pres-
ence or absence of certain ecological groups of species in a description or in a syntaxon is a better diagnostic criteri-
on for classification than is the dominance of a particular species which may often be the result of arbitrary factors.
The process of describing phytocenoses then involves an estimation of the occurrence of species in order to determine
their syntaxonomic status and to distinguish diagnostic species.

The topological-ecological system of classifying Karelian mire communities consists of three steps (Table 10).
Syntaxa are distinguished during the various steps according to ecological, topological and phytocoenotical criteria
and features. The highest units of the classification, known as classes, are distinguished with regard to the level of
water-mineral nutrition. There are four such classes: ombrotrophic, oligotrophic, mesotrophic and eutrophic, each rep-
resenting specific levels of water-mineral nutrition. The ecological spectra of the oligotrophic and mesotrophic class-
es are similar to those proposed by Finnish authors (Eurola et al., 1984). According to Russian literature on mire ecol-
ogy the oligotrophic class corresponds to meso-oligotrophic and mesotrophic conditions (Lopatin, 1954) while the
mesotrophic class corresponds to mesoeutrophic and to some extent even eutrophic conditions.

The lowest unit in this system of classification is the association. This is identified in terms of the physiognomic
and floristic features of communities, thus facilitating comparison with syntaxa distinguished by supporters of the
dominant and floristic methods. In ombrotrophic and oligotrophic Sphagnum and grass communities, where the num-
ber of species is small, the plants that dominate in the main storeys are commonly used as diagnostic species as they
provide the most comprehensive indication of the ecological conditions of a given habitat. As eutrophic communities
often contain overwhelmingly dominant species only a large group of diagnostic species allows for such syntaxa to be
distinguished. Associations are given names according either to the dominant or diagnostic species of the main storeys.
These names include as many as three plant taxa written with intervening dashes. We do not add special endings to
the names of plant species or the names of the authors who first identified one or other association, as is accepted in
floristic classifications. Some associations are split up into sub-associations and variants with respect to the species
that dominate particular storeys. In dwarf shrub-moss and grass-moss associations with the compositionally similar
dwarf shrub-grass storeys sub-associations are distinguished with respect to dominant moss species with similar eco-
logical requirements which replace each other either arbitrarily or during successions without any drastic changes to
the structure of communities. Variants are distinguished according to the dominant grass storey species, the general
species composition of the association remaining unchanged (Table 10).

Within each class groups of associations are distinguished by virtue of their proximity to the main elements of
microrelief which differ in terms of hydrological conditions. As with the Scandinavian system of classification each
class is subdivided into four groups. Group | consists of forested (tree-Sphagnum, tree-grass) communities charac-
terised by highly variable hydrological conditions during the growing season which support the existence of the tree
storeys. Communities which make up groups of forested associations have tree layers with a density of at least 0.2.
Group 2 is formed by communities restricted to high hummocks (ridges) with groundwater levels which fall by 25-40
cm during the summer. Dwarf shrubs are of general occurrence in this group of mire communities. The group of lawn
(carpet) communities (group 3) consists of various grass-Sphagnum associations in where groundwater levels fall by
10-20 cm during the growing season. Grass and grass-moss communities of hollows and flarks form group 4. In the
ombrotrophic, oligotrophic and eutrophic classes all four groups are represented. By contrast, the mesotrophic class
lacks hummock and carpet groups. Contrary to the systems of classification of North Europe (Pdhlsson, 1994) and
Finland (Eurola et al., 1984), spring mire communities do not form a separate class. Instead, they are included in a spe-
cial group within the eutrophic class.

According to our system of classification there are fifty-one associations. Some of these have between two and
eight sub-associations distinguished on the basis of the dominant species in the moss storey or the absence of a moss
storey. Some associations occur as variants according to the dominant species in the grass-dwarf shrub storey (Table 10).

A complete list of plants was compiled, average numbers of species for each given releve calculated and high-
ly constant (classes I1I-V after Braun-Blanquet) and diagnostic species were determined for each syntaxon. According
to this system of classification the range of most associations is similar to that in our earlier floristic classification
(Kuznetsov et al., 2000). However, higher steps of classification were distinguished on the basis of other features and
these differ markedly from alliances, orders and classes in floristic classifications.
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Table 10
Topological-ecological classification of mire communities of Karelia with characteristics of
species content (A-D) in syntaxa and its comporation with classification of north Europe (E)
A —number of relevés, B — total number of species in syntaxa, C — average number of
species in a single relevé, D — number of species with [1I-V classes of occurrence (41-100%);
E — code of similar syntaxa in classification of north Europe (after Pahlsson 1994)
CODE SYNTAXA A B C D E
1 CLASS : OMBROTROPHIC 3.1
1.1 Group : tree-moss 3.1.1
Association :
1.1.1 Pinus sylvestris - Ledum palustre - Sphagnum angustifolium 39 60 18 20 3.1.1.2
1.1.2 | Pinus sylvestris - Chamaedaphne calyculata — Sphagnum 232 55 17 15 3.1.13
angustifolium
Subassociation :
1.1.2.1 |P. sylvestris - C. calyculata - S. fuscum 81 55 18 20
1.1.2.2 | P. sylvestris - C. calyculata — S. angustifolium 151 53 16 15
1.2 Group : hummock 3.1.2
1.2.1 Chamaedaphne calyculata - 598 70 15 17 3.1.3.1
Sphagnum fuscum (partly)
1.2.2 Chamaedaphne calyculata - 580 55 15 11 3.1.3.1
Sphagnum angustifolium (partly)
123 Calluna vulgaris - Cladina spp. 135 65 19 18 3.12.2
1.3 Group : carpet 3.13
1.3.1 Eriophorum vaginatum — Sphagnum balticum 324 70 10 7 3.1.3.5,
3.14.1
1.3.1.1 |E. vaginatum - S. balticum 210 66 9 9
1.3.1.2 E. vaginatum - S. majus 22 38 9 7
1.3.1.3 | E. vaginatum - S. papillosum 50 48 13 12
1.3.1.4 | E. vaginatum - S. lindbergii 9 38 11 7
1.3.1.5 | E. vaginatum - S. fallax 23 43 10 9
1.3.1.6 | E. vaginatum - S. flexuosum 10 38 14 9
14 Group : hollow 3.14
14.1 Baeothryon cespitosum — Sphagnum balticum 21 38 12 10 3.2.3.1b
1.4.1.1 |B. cespitosum - S. balticum 12 38 12 10
1.4.1.2 | B. cespitosum - S. majus 9 28 11 11
142 Scheuchzeria palustris — Sphagnum majus 384 55 10 7 3.14.1-
3.144
1.4.2.1 |S. palustris - S. balticum 116 50 9 7
1.4.2.2 |S. palustris - S. majus 153 45 7 6
1.4.2.3 |S. palustris - S. papillosum 38 47 13 12
1.4.2.4 |S. palustris - S. lindbergii 19 31 10 9
1.4.2.5 |S. palustris - S. cuspidatum 18 23 8 4
1.4.2.6 |S. palustris - S. fallax 31 45 10 10
1.4.2.7 |S. palustris - S. jensenii 9 23 8 7
143 Rhynchospora alba - Sphagnum majus 14 21 8 6 3.14.1-
3.144
1.4.3.1 |R. alba-S. balticum 3 17 9 5
1.43.2 |R. alba - S. majus 8 18 7 8
1.4.3.3 |R. alba - S. cuspidatum 3 12 7 5
144 Scheuchzeria palustris — Hepaticae 10 24 8 8 3.145
2 CLASS : OLIGOTROPHIC 32,33
2.1 Group: tree-grass-moss 3.2.1,
33.1
2.1.1 Pinus sylvestris - Carex lasiocarpa - 119 115 22 15 3213
Sphagnum angustifolium (partly)
2.1.1.1 | P. sylvestris - C. lasiocarpa - S. angustifolium 91 115 21 16
2.1.1.2 | P. sylvestris - C. lasiocarpa - S. fallax 7 59 23 25
2.1.1.3 | P. sylvestris - C. lasiocarpa - S. flexuosum 6 66 24 22
2.1.1.4 |P. sylvestris - C. lasiocarpa - S. centrale 15 96 21 17
2.1.2 Betula pubescens - Carex lasiocarpa - 35 100 18 10 32.13
Sphagnum angustifolium
2.22.1 |B. pubescens - C. lasiocarpa - S. angustifolium 29 97 17 10
2.1.2.2 | B. pubescens - C. lasiocarpa - S. centrale 6 64 23 16
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2.2 Group : hummock 322
2.2.1 Carex lasiocarpa - Sphagnum fuscum 110 103 20 22 3221
23 Group : carpet 323,
333
23.1 Molinia caerulea - Sphagnum papillosum 141 113 20 15 33.2.1,
3.2.3.1b
Variant :  a. Molinia caerulea — S. papillosum 63 100 22 17
b. Baeothryon alpinum — S. papillosum 15 56 15 12
c. B. cespitosum — S. papillosum 63 83 20 14
232 Carex lasiocarpa - Sphagnum fallax 503 120 16 11 324.1a
3.23.1a
2.3.2.1 |C. lasiocarpa - S. angustifolium 238 108 17 11
2.3.2.2 |C. lasiocarpa - S. papillosum 141 115 17 13
2.3.2.3 |C. lasiocarpa - S. fallax 67 93 14 9
2.3.2.4 |C. lasiocarpa - S. flexuosum 25 50 11 10
2.3.2.5 |C. lasiocarpa - S. centrale 23 61 16 12
233 Carex rostrata — Sphagnum fallax 131 68 11 10 3.24.1a
2.3.3.1 |C. rostrata - S. angustifolium 27 42 10 11
2.33.2 |C. rostrata - S. fallax 53 65 11 11
2.3.3.3 |C. rostrata - S. papillosum 42 59 12 11
2.3.34 |C.rostrata - S. riparium 9 56 14 9
24 Group : flark 324
3.3.3 (part)
24.1 Carex lasiocarpa - Scheuchzeria palustris - 46 58 13 15 3.24.1
Sphagnum balticum (partly)
24.1.1 |C. lasiocarpa - S. palustris - S. balticum 24 57 15 17
2.4.1.2 |C. lasiocarpa - S. palustris - S. majus 22 52 10 7
24.1.3 | C. lasiocarpa - S. palustris - S. jensenii
242 Carex rostrata - Scheuchzeria palustris - 81 58 11 10 324.1
Sphagnum majus (partly)
24.2.1 |C. rostrata - S. palustris - S. balticum 30 56 11 11
2422 |C. rostrata - S. palustris - S. majus 33 52 10 7
2.4.2.3 |C. rostrata - S. palustris - S. flexuosum 18 35 11 9
243 Rhynchospora alba - Menyanthes 9 38 14 15 -
trifoliata - Sphagnum papillosum
244 Eriophorum polystachion 6 26 11 9 3242
24.5 Carex rostrata 17 69 12 8 3.33.1
3 CLASS : MESOTROPHIC 3.3,
34
3.1 Group : tree-grass 34.1
3.1.1 Alnus glutinosa - Calla palustris 5 102 36 19 34.13
3.1.2 Picea abies - Calamagrostis canescens 18 145 45 38 34.1.2
3.3.1.2
a. P. abies - Calamagrostis canescens 9 134 48 46
b. P. abies - Phragmites australis 9 115 42 37
3.1.3 Pinus sylvestris - Calamagrostis canescens 10 124 34 23 34.1.1
33.1.1
3.1.4  |Betula pubescens - Calamagrostis canescens 13 120 26 20 34.1.2
3.1.5 Salix cinerea 2 33.13
34 Group : flark and swamp 3.3.4(part)
3.4 A(part)
34.1 Phragmites australis - Menyanthes trifoliata 11 65 12 7 334.1
342 Carex acuta 8 55 17 9 344.1
343 Carex omskiana 10 47 16 10 -
344 Carex cespitosa 14 90 16 7 344.1
345 Carex diandra 8 56 23 20 34.4.1
34.6 Carex chordorrhiza 24 52 11 9 333.1
3.4.6.1 |C. chordorrhiza - Menyanthes trifoliata 17 48 11 8
3.4.6.2 |C. chordorrhiza - Sphagnum obtusum 7 23 11 11
34.7 Carex lasiocarpa - Menyanthes trifoliata 211 150 16 5 33.3.1
34.7.1 |C. lasiocarpa - M. trifoliata 147 150 15 5
34.7.2 |C. lasiocarpa - Comarum palustre 13 100 21 12
34.73 |C. lasiocarpa - Sphagnum obtusum 9 46 15 12
34.74 |C. lasiocarpa - S. riparium 8 70 19 10
34.7.5 |C. lasiocarpa — S. subsecundum 19 75 16 9
3.4.7.6 |C. lasiocarpa - Warnstorfia exannulata 8 71 21 14
3.4.7.7 |C. lasiocarpa - Hamatocaulis vernicosus 7 73 16 10
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End. table 10

CODE SYNTAXA A B C D E
34.8 Carex limosa - Menyanthes trifoliata 163 80 12 6 33.3.1
34.8.1 |C. limosa- M. trifoliata 121 77 12 8
3.4.8.2 |C. limosa — Sphagnum obtusum 15 52 14 12
3.4.8.3 |C. limosa - S. subsecundum 18 52 14 12
34.84 |C. limosa - Warnstorfia exannulata 8 33 10 6
3.4.9  |Rhynchospora fusca 21 28 12 13 3334
3.4.10 | Calamagrostis neglecta 5 52 13 2 334.1
3.4.11 | Equisetum fluviatile 22 87 12 6 334.1
3.4.12 | Menyanthes trifoliata 9 63 17 14 334.1
3.4.13 | Comarum palustre 9 67 18 15 334.1
4 CLASS : EUTROPHIC 3.4
4.1 Group : tree-moss 3.4.1(part)
4.1.1 Pinus sylvestris - Sphagnum warnstorfii 41 178 32 25 34.1.1
P. sylvestris - Phragmites australis — S. warnstorfii 14 149 39 28
P. sylvestris - Carex lasiocarpa — S. warnstorfii 12 96 26 19
P. sylvestris - Molinia caerulea — S. warnstorfii 15 117 30 27
4.2 Group : hummock 342
4.2.1 Equisetum palustre - Sphagnum warnstorfii 58 186 33 19 34.2.1a
4.2.1.1 | E.palustre - S. warnstorfii 51 186 34 19
a. E. palustre - S. warnstorfii 26 147 29 21
b. Polygonum bistorta - S. warnstorfii 25 145 39 19
4.2.1.2 | E.palustre - Tomenhypnum nitens 7 77 21 16
4.2.2  |Molinia caerulea - Sphagnum warnstorfii 71 120 21 34.2.1a
4.2.2.1 |M.caerulea - S. warnstorfii 48 120 22 16
a. Molinia caerulea - S. warnstorfii 30 116 24 16
b. Baeothryon cespitosum 6 50 21 18
c. Baeothryon alpinum 12 74 21 19
4.22.2 |M.caerulea - S. subfulvum 23 68 20 21
423 Carex lasiocarpa - Sphagnum warnstorfii 89 130 18 34.2.1a
4.2.3.1 |C.lasiocarpa — S. warnstorfii 70 129 18 16
a. Carex lasiocarpa - S. warnstorfii 54 121 19 13
b. Phragmites australis - S. warnstorfii 16 65 16 13
4.2.3.2 |C.lasiocarpa - S. teres 9 62 18 15
4.2.3.3 | C.lasiocarpa - S. subfulvum 10 30 14 13
4.3 Group : carpet 342
43.1 Carex lasiocarpa - Campylium stellatum 29 105 21 14 34.2,1b
43.2 Schoenus ferrugineus - Campylium stellatum 22 58 17 13 34.2.1c
44 Group : flark 343
44.1 Carex lasiocarpa - Scorpidium scorpioides 20 68 15 9 3433
442 Carex limosa - Scorpidium scorpioides 12 50 14 14 3433
443 Carex livida - Menyanthes trifoliata 70 75 11 11 3433
4.43.1 |C. livida - M. trifoliata 60 75 11 12
4.4.3.2 | C. livida — Scorpidium scorpioides 10 35 13 9
4.5. Group : spring 3.5.1,
3.5.2
4.5.1. | Epilobium hornemanni - Montia fontana - 3512
Philonotis fontana
4.5.2. Cratoneuron spp. 3522
4.5.3. | Paludella squarrosa 3523

The topological-ecological classification of Karelian mire vegetation was compared with that of North Europe
(Pahlsson, 1994). Unequally ranking, compositionally and ecologically similar syntaxa were selected from
Scandinavian mires for almost every association identified. Their codes are given in Table 10. However, these
classifications vary greatly in terms of the range of some classes and of some lowest-ranking units such as ‘types’ in
the system of classification employed in North Europe and ‘associations’ in our own classification. Because the
oligotrophic and mesotrophic grass and grass-moss communities of Karelian mires are subdivided into smaller units
certain new associations may be distinguished. On the one hand, Karelia lacks the mire communities characteristic of
the nemoral, mountain and tundra areas of Scandinavia and the coastal mires of Norway. At the same time, some
associations restricted to areas with a more continental climate occur in Karelia and eastern Finland at the western
boundaries of their distribution areas and have not been reported anywhere in Sweden or Norway. Examples include
ombrotrophic dwarf shrub-Sphagnum communities with Chamaedaphne calyculata as well as mesotrophic and
eutrophic communities with Carex omskiana, Bistorta major, Betula humilis and Ligularia sibirica. Associations of
Carex livida, Rhynchospora fusca and Schoenus ferrugineus, communities with moss storeys dominated by Sphagnum
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subfulvum, S. subnitens and S. pulchrum, reach the eastern boundaries of their distribution areas in Karelia. In terms
of species composition the above Karelian communities differ greatly from those found in Scandinavia. Quantitative
indices of floristic diversity are given for the first time for each association, sub-association and variant of association
(Table 10).

This system of classification is open-ended insofar as that new syntaxa may be included and their ranks revised.
As the scope of the study is extended, the areas covered by associations and sub-associations will be specified and
their geographic variants identified. This classification is convenient for solving scientific and practical problems as,
unlike the floristic method, it allows many associations to be easily identified in the field. Most of the associations dis-
tinguished cover extensive areas in the boreal zone of Eurasia. However, their species composition varies from one
region to the next. As some associations and sub-associations occur only in Fennoscandia the nature conservation
value of the mires in which they occur increases. A subsequent study of mires in Fennoscandia and Russia will
increase our knowledge of their plant cover diversity while generalisation of the data thus produced will enable us to
improve and expand our system of classification.

The conservation of biological diversity of ecosystems and their components is maintained most successfully
through the establishment of a dense network of protected areas ranking from large national parks and nature reserves
to small nature monuments. In many European countries mire ecosystems have either been profoundly transformed or
totally destroyed. Most Karelian mires are still today in either a natural or only slightly disturbed state. Forest drainage
performed in the 1960s—1980s on 700 000 ha of mires and paludified land (13% of total area of such land in Karelia)
has not resulted in the disappearance of rare mire plant species, rare associations and types of mire massifs. However,
in southern Karelia, where over 50% of mires have been drained, important mires supporting berries were destroyed
and the number of mesotrophic and eutrophic mires containing rich flora fell sharply. In order to maintain the diver-
sity of mire systems a number of large-scale studies and other activities have been conducted. Today some 130 000 ha
of mires (i.e. only 3% of all Karelian mires) lie within protected territories (Antipin & Kuznetsov, 1998). Protected
territories include all types of mire massifs as well as most mire associations and mire species. However, the current
extent of protected mires is too small to properly conserve their diversity and to enable mires to fulfil their regulating
biospheric functions. The establishment of several new national parks (Kalevala, Tuulos and Koitajoki) together with
a network of landscape and mire zakazniks and nature monuments will enable us to preserve the full diversity of mires
for the benefit of future generations.

Conclusion. Structural analysis of mire ecosystems has shown them to be highly diverse. Karelia has nine geo-
graphic types of mire massifs, some of which occur as latitudinal variants. Five types of massifs lie at the boundaries
of their distribution areas. This in itself imparts the mire systems of the region with certain unique features.

The topological-ecological system of classification of plant communities developed for the mires of the region
has enabled us to assess the wide diversity of these mires and to identify the characteristics of their vegetation cover.
This classification includes fifty-one associations belonging to four different classes. Many Karelian mire communi-
ties are compositionally similar to those of Scandinavia.

The present network of protected mires is too small to ensure the proper maintenance of Karelian mire ecosys-
tem diversity. It should be expanded through the establishment of new protected territories such as national and nature
parks, zakazniks and nature monuments.

2.2.2. Mire and paludified habitats

Introduction. Karelia extends 600 km from north to south and varies in climatic, geomorphological, biotic and
other zonal and azonal characteristics. Mires and paludified forests cover 5.35 million hectares and make up 37% of
Karelia’s forested area. Open and sparsely forested mires with stand densities of less than 0.3 account for 3.5 million
hectares while forest mires and paludified forests occupy 1.8 million hectares. (Pyavchenko & Kolomytsev, 1980).
Thus, the wetland forests that cover about one third of the Karelian Republic contribute greatly to environmental diver-
sity. At the same time, wetland forests are generally subdivided into 1) paludified (paludifying) stands with a peat layer
of up to 30 cm, and 2) forest mires with a peat layer of over 30 cm. This criterion is based on differences in the soils
(Pyavchenko, 1963), hydrology and topology of paludified forest and mire habitats (Kolomytsev, 2001).

Mires and paludified forests are too complex and diverse to be described solely on the basis of the above
criteria and characteristics. It is important, therefore, to provide evidence for the spatial distribution of various mire
and paludified habitats using a landscape-typological approach to the natural demarcation of Karelia* (Volkov et
al., 1990, 1995).

Methods. Our field study of mires and paludified forests was carried out on landscape profiles taken in various
landscapes perpendicular to the long axes of orientation of landforms. A topographic survey was performed in order to
estimate the area covered by three categories of wetlands, namely, 1) paludified forest lands (with peat deposits up to
30 cm thick); 2) mire forest lands (with peat layers of over 30 cm thick); and 3) open (unforested) mires (with
peat deposits of over 30 cm thick). The vegetation of wetlands was described and their extent along the profile
estimated. The presence of peat and its thickness was determined by drilling peat deposits as far as the mineral bottom.

* For the numbers and full names of landscape types, see the Section .2.1.3. ‘Assessment of the diversity of forest communities’. Data on
two to three profiles are presented separately in diagrams for some types of landscape.
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Wetland habitats types were then grouped together in accordance with the system established for Karelia (Pyatetsky &
Medvedeva, 1967).

Sixteen profiles totalling 70 km in length were taken in the north-taiga subzone in twelve out of sixteen land-
scape types identified and twenty-eight profiles totalling 143 km in length were taken in the mid-taiga subzone in six-
teen types of Karelian landscape. About 300 descriptions of the ground plant cover in mire facies and paludified forests
were made.

Diversity of mire and paludified forest habitats in the north-taiga subzone. Paludified (paludifying) forests
growing on soils containing approximately 30 cm thick peat layers are common in the taiga. Forming an integral part
of mire systems they are bounded by or make up individual massifs in topographic lows and in the lower portions of
hills and ridges. Although this category of wetlands is widespread it can only be identified by the drilling of peat
deposits. In physiognomical terms paludified forests do not usually differ in typological spectrum and vegetative cover
from forest mires with peat deposits of up to several metres thickness. By contrast, their distribution and the propor-
tions of various groups of forest types vary substantially according to the type of landscape

Paludified pine stands. In the north-taiga subzone pine stands dominate paludified habitats in most landscapes,
accounting for between 3 and 25% of total area except in spruce-dominated types. In plain landscapes pine forests
comnsist mostly of oligotrophic or meso-oligotrophic Sphagnum stands with poor vegetative cover (Fig. 20). Dwarf-
shrub and/or cottongrass-Sphagnum mesotrophic pine stands are more characteristic of glaciofluvial and denudation-
tectonic landscapes with rugged land surfaces. In such locations topographic conditions are conducive to the forma-
tion of systems of circulating moistening associated with deluvial and groundwater nutrition in paludified habitats. The
dwarf shrub-Sphagnum pine forest group is dominated by Vaccinium myrtillus-Sphagnum and Ledum-Sphagnum
stands. Commonly occurring in their vegetative cover are forest grasses and dwarf shrubs. Mesotrophic sedge-
Sphagnum pine stands typically grow at the point of contact between dwarf shrub-Sphagnum pine stands and open
mesotrophic mires. In other words, they are far more common than the previous two groups and do not form compact
massifs (Fig. 20). Grass-Sphagnum paludified pine stands are very scarce in the north-taiga subzone and cover less
than 1% of each landscape type.
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Fig. 20. Distribution of groups of paludified pine forest types (with peat deposits of
up to 30 cm) within various landscape types in the north-taiga subzone of Karelia (%)
Groups of paludified forest types: 1111 = oligotrophic Sphagnum pine stands; 1112 = mesotroph-

ic dwarf-shrub and/or cottongrass-Sphagnum pine stands; 1113 = mesotrophic sedge-Sphagnum
pine stands; 1114 = eutrophic and mesotrophic grass-Sphagnum pine stands

Paludified spruce stands. Spruce is less common in paludified habitats than pine, especially in pine-dominat-
ed plain landscapes (Fig. 21). However in other types of pine landscapes spruce stands cover between a third and a
half of the paludified land area. In spruce-dominated landscapes (1m, 12m, 12g) they account for at least a half of this
land category. Long-stem moss spruce stands are fairly scarce in Karelia and extremely rare in northern Karelia. The
dominant type of paludified spruce stand, Vaccinium myrtillus-Sphagnum, is the poorest in terms of vegetative cover.
Spruce forests belonging to the sedge-grass-Sphagnum group contain a much broader spectrum of plant groups and
species than the Vaccinium myrtillus-Sphagnum type and is found in all types of landscape. However, the proportion
of forest cover which it account for varies from less than 1 to 5%. Grass-mire spruce stands are the most diverse in
terms of vegetative cover and incorporate both shrubs and undergrowth. They are also found in all types of landscape
but, as with sedge-grass-Sphagnum spruce stands, they account only for small fragmented areas.

Paludified birch stands may be classified as primeval because in the paludified state they form long-lived
communities. In north-taiga landscapes paludified birch stands are scarce. They occur mostly in plain landscape
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(Fig. 22) where they make up 0.5 to 5% of the forest cover. A grass-mire group of birch stand types prevails and is
the most diverse in terms of plant groups. These environments are fairly conducive to the growth of birch.
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Fig. 21. Distribution of groups of paludified spruce forest types (with peat deposits of up
to 30 cm) within various landscape types in the north-taiga subzone of Karelia (%)
Groups of paludified forest types: 1121 = mesotrophic long-stem moss spruce stands; 1122 =

mesotrophic bilberry-Sphagnum spruce stands; 1123 = mesotrophic sedge-grass-Sphagnum spruce
stands; 1124 = eutrophic grass-mire spruce stands
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Fig. 22. Distribution of groups of paludified birch forest types (with peat deposits of up to
30 cm) growing in various types of landscape in the north-taiga subzone of Karelia (%)

Groups of paludified forest types: 1131 = mesotrophic sedge-Sphagnum birch stands; 1132 =
mesotrophic grass-Sphagnum birch stands; 1133 = eutrophic grass-mire birch stands

Forest mires are characterised by well-developed stands growing on peat soils with peat deposits varying in
thickness from 30 cm up to several metres. Groupings of forest mire types correspond to those of paludified forests.
Forest mires differ from paludified forests in that paludified forests are always primary, i.e. the forest cover existed
before paludification began and persists in spite of the process. Forest mires or individual patches of forest vegetation
may remain primary from the early stages of paludification or may emerge as secondary patches on open mires as a
result of changes in the hydrological system at the root layer of peat which promote the invasion of woody plants
(Pyavchenko, 1963, Kolomytsev, 1993, 2001).

Mire pine forests grow in all types of north-taiga landscapes. This suggests that this formation is resistant to
changes in soil and environmental conditions in which root systems are not supplied with nutrients from the underly-
ing mineral horizon. Poor pine stands of Sphagnum and dwarf shrub- (cottongrass)-Sphagnum groups are most com-
mon (Fig. 23). These are typically the poorest in terms of plant species diversity. In most landscape types mesotroph-
ic sedge-Sphagnum pine stands cover a relatively significant area (1 to 6%). The most diverse grass—Sphagnum pine
stands are characteristic only of pine-dominated landscapes (3m, 14). In other landscapes they are highly fragmented
and very small in area.
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Fig. 23. Distribution of groups of mire pine forest types (with peat deposits
greater than 30 cm) growing in various landscape types in the north-taiga sub-
zone of Karelia (%)

Groups of mire forest types: 1211 = oligotrophic Sphagnum pine stands; 1212 =

mesotrophic dwarf shrub- and/or cottongrass-Sphagnum pine stands; 1213 = mesotrophic
sedge-Sphagnum pine stands; 1214 = eutrophic and mesotrophic pine stands

Mire spruce forests typically grow in denudation-tectonic landscapes with rugged relief in which systems of
circulating moistening prevail in topographic lows (Fig. 24). In flatland landscapes, where spruce stands are highly
paludified, spruce readily gives way to forest-free grass-moss or pine mires.
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Fig. 24. Distribution of groups of mire spruce forest types (with peat deposits
greater than 30 cm in thickness) growing in various landscapes in the north-taiga
subzone of Karelia (%)

Groups of mire forest types: 1221 = mesotrophic long-stem moss spruce stands; 1222 =
mesotrophic bilberry-Sphagnum spruce stands; 1223 = mesotrophic sedge-grass-Sphagnum
spruce stands; 1224 = eutrophic grass-mire spruce stands

The proportion of spruce stands in the forest cover is not large but the presence of groups of mire spruce for-
est types is important for the diversity of habitats especially in pine-dominated landscapes (landscapes 3, 13g, 14, 19).

Open mires make the greatest contribution to the diversity of habitats in Karelian landscapes. In the north-taiga
subzone they cover from 40 to 60 % of all wetland categories in plain landscapes and from 10 to 40 % in glacioflu-
vial and denudation-tectonic landscapes (Fig. 25). Most landscapes are dominated by oligotrophic habitats (between
one third and one half of all mire lands) with extremely poor plant species composition. Mesotrophic mires with a
broader spectrum of habitats are also widespread. They feature both simple sedge-Sphagnum plant groups and highly
developed aapa complexes. Eutrophic mires do not commonly form individual massifs. In most landscapes they occur
as small patches: Nevertheless, it is in these habitats that plants diversity is at its greatest.

Diversity of mire and paludified habitats in the mid-taiga subzone. Paludified pine forests occur in
practically all landscape types in the mid-taiga subzone. They are most significant in highly paludified plain land-
scapes (3, 4) and in pine-dominated highly or moderately paludified landscapes of denudation-tectonic genesis
(13, 14) (Fig. 26).
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Fig. 25. Distribution of open mire types in Karelian north-taiga landscapes
Mire types: 1311 = oligotrophic, 1312 = mesotrophic, 1312 = eutrophic
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Fig 26. Distribution of groups of paludified pine forest types (with peat deposits of up to
30 cm) growing in various landscape types in the mid-taiga subzone of Karelia (%)
Groups of paludified forest types: 1111 = oligotrophic Sphagnum pine stands;1112 = mesotrophic dwarf

shrub- and/or cottongrass-Sphagnum pine stands; 1113 = mesotrophic sedge-Sphagnum pine stands;
1114 = eutrophic and mesotrophic grass-Sphagnum pine stands

The four groups of paludified pine forest types cover roughly equal proportions of these types of landscape.
Unlike the north-taiga subzone all landscapes here are dominated by mesotrophic sedge- and grass-Sphagnum habi-
tats. They display the greatest degree of plant diversity whereas oligotrophic Sphagnum and poor mesotrophic dwarf
shrub-Sphagnum habitats are less diverse.

Paludified spruce forests. Like pine forests these are common in all types of mid-taiga landscapes. The largest
paludified spruce stands occur in spruce-dominated landscapes (2, 12g and 16). The dominant forest group in such
landscapes is Vaccinium myrtillus-Sphagnum spruce which is the poorest in terms of plant diversity (Fig. 27).

Characteristic of the mid-taiga subzone are mesotrophic and eutrophic sedge-grass-Sphagnum and grass-mire
spruce growing in plain landscapes (2, 3, 4, 5). These habitats display the greatest degree of species diversity. They
are scarce in landscapes with rugged relief and grow as narrow patches along rivers, creeks and seasonal streams.

In the mid-taiga subzone mire pine forests contribute greatly to the diversity of habitats and are found growing
in all landscape types. In some morphogenetic landscape variations they act as dominant or co-dominant ecosystems
and cover from 20 to 35 % of habitats (landscapes 3, 8, 14, 18) (Fig. 28). These landscapes are generally dominated
by pine which persists on mires.

In other spruce and pine landscapes mire pine stands make up not more than 10 % of habitats. However, groups
of forest types generally display a limited spectrum with species-poor oligotrophic Sphagnum pine stands and
mesotrophic dwarf shrub- and/or cottongrass-Sphagnum groups generally dominating.
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Fig. 27. Diversity of groups of paludified spruce forest types (with an up to 30 fim
thick peat deposit) occurring in various landscapes in the mid-taiga subzone of
Karelia (%)

Groups of paludified forest types: 1121 = mesotrophic long-stem moss spruce stands; 1122 =
mesotrophic blueberry-Sphagnum spruce stands; 1123 = mesotrophic sedge-grass-Sphagnum
spruce stands; 1124 = eutrophic grass-mire spruce stands
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Fig. 28. Distribution of groups of mire pine forest types (with peat deposits greater than
30 cm) growing in various landscape types in the mid-taiga subzone of Karelia (%)
Groups of paludified forest types: 1211 = oligotrophic Sphagnum pine stands; 1212 =

mesotrophic dwarf shrub- and/or cottongrass-Sphagnum pine stands; 1213 = mesotrophic
sedge-Sphagnum pine stands; 1214 = eutrophic and mesotrophic grass-Sphagnum pine stands

Mire spruce stands. Unlike paludified spruce forests mire spruce stands are far less common in all mid-taiga
landscapes (Fig. 29) and contribute no more than 10 % of the vegetative cover, suggest ing that spruce is less tol-
erant of overmoistened soils. As with mire pine forests these are more characteristic of landscapes with spruce habi-
tats (2, 6, 16).

Only one or two groups of mire spruce stands occur in plain, glaciofluvial and certain denudation-tectonic land-
scapes. The species composition of plants and their groups (long-stem moss and Vaccinium myrtillus-Sphagnum) is
extremely poor. The greatest contribution to biodiversity is made by mesotrophic sedge-grass-Sphagnum and eutroph-
ic grass-Sphagnum mire spruce stands but these account for less than 1 to 4% of habitats in most landscapes.

Mire birch forests in the mid-taiga subzone are restricted to landscapes profoundly affected by agricultural
development. In most environments, especially in glaciofluvial landscapes, they result from human activities, prima-
rily drainage of mires or parts of mires (Fig. 30). In spite of this, birch stands growing on mires make a significant
contribution to the biodiversity of Karelian taiga.

Open mires occur in all types of mid-taiga landscapes but are less common than in the north-taiga subzone due
to the higher proportion of forested wetland (Fig. 31). Their contribution to the structure of ecosystems is most sig-
nificant in plain (2 and 3) and denudation-tectonic landscapes (13 and 14).

Open mires are mostly oligotrophic or mesotrophic. Oligotrophic mires typically bear few plant species where-
as mesotrophic mires often contain compositionally contrasting plant associations. Together with landscape type 12¢g
these landscapes contain the majority of mires suitable for forest reclamation. As a consequence virgin eutrophic mires
are very scarce. Mesotrophic mires prevail in fluvioglacial (6,8 and 10) landscapes as well as in one denudation-tec-
tonic landscape type (16). In these landscapes open mires are highly fragmented and contribute greatly to the diversi-
ty of ecosystems.
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Fig. 29. Distribution of groups of mire spruce forest types (with peat deposits
greater than 30 cm in thickness) growing in various landscapes in the mid-taiga
subzone of Karelia (%)

Groups of mire forest types: 1221 = mesotrophic long-stem moss spruce stands; 1222 =

mesotrophic bilberry-Sphagnum spruce stands; 1223 = mesotrophic sedge-grass-
Sphagnum spruce stands; 1224 = eutrophic grass-mire spruce stands
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Fig. 30. Distribution of groups of mire birch forest types (with peat deposits
of over 30 cm) growing in various landscapes in the mid-taiga subzone of
Karelia (%)

Groups of mire forest types: 1231 = mesotrophic sedge-Sphagnum birch stands; 1232 =
mesotrophic grass-Sphagnum birch stands; 1233 = eutrophic grass-mire birch stands
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Fig. 31. Types of open mires in Karelian mid-taiga landscapes

Mire types: 1311 = iligotrophic, 1312 = mesotrophic, 1313 = eutrophic
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Conclusion. In Karelia paludification increases habitat diversity as various environments are formed on wet-
lands. However, mire formation tends to give rise to structurally simple ecosystems, thus reducing biotic diversity. The
clearest examples of this are heavily paludified landscapes of limnoglacial and denudation-tectonic genesis. In such
landscapes vast areas are already dominated by forest, oligotrophic grass-Sphagnum or poor mesotrophic habitats con-
taining few plant species. Paludified or mire habitats with relatively high plant diversity typically cover not more than
10% of each landscape type studied.

2.3. Grasslands

Introduction. Like all Fennoscandian countries Karelia is rather poor in grasslands. The proportion of grass-
land (less then 1%) is lower not only than that of Sweden, the southern part of which lies in the nemoral zone, but
probably also of neighbouring Finland. At first sight Karelia appears to be a typical Fennoscandian country with a few
areas of primary flooded meadows occurring in small patches restricted to the Vodla river basin. Small areas of coastal
grassland extending along the coastline of the White Sea are also primary. All other grasslands in Karelia are of sec-
ondary origination. Sometimes known as traditional rural biotopes, they have resulted from traditional agricultural
land-use techniques, i.e. grazing and mowing. Thus the grasslands of Karelia are mostly located in areas with a long
history of agricultural colonisation.

One of the consequences of 20th century technological progress in Northern Europe was a marked decrease in
the area of grassland. When the Karelian Labour Commune was established in 1920 its regional boundaries enclosed
some 231 000 ha of grassland. With the incorporation of the North Ladoga region and the Karelian Isthmus into
Karelia in 1940 the total grassland area increased to 360 000 ha. However, by the late 1990s it had fallen to little above
127 000 ha, a mere 0.71% of Karelian territory. The situation in Sweden and Finland is similar. The drop in grassland
area was mainly caused by the mechanisation of agriculture followed by decline in horse livestock and a large-scale
input of agricultural products from other regions resulting in a reduction of local production. It should be noted that
the collapse of agriculture also had positive consequences for Karelian grasslands as some fields were abandoned and
the total area of meadowland increased slightly. However this did little to help. The trends emerging over the last few
years are especially discouraging. The area of grasslands stabilised in seventies, for a time following the economical
collapse in the 1990s but is now once again in danger. If this latest trend continues between a half and two-thirds of
Karelian grasslands are likely to be lost during the nearest fifteen years.

At the same time the contribution made by grasslands to regional biodiversity is much greater than their mod-
est area might suggest. Up to 30% of Karelia’s terrestrial invertebrate species (particularly insects) and many verte-
brate and vascular plant (over 20%) species are obligate grassland species. Moreover, grasslands are important for the
life cycle of numerous birds and mammals including those which are not strictly regarded as grasslands species. Many
of these are listed in the regional Red Data Books of rare and endangered species. Thus, 44 vascular plant species
found in grasslands are included in the Red Data Book of Karelia (1995) and 67 species (only those species which
could be found in Karelia are counted) — in the Red Data Book of East Fennoscandia (1998).

In terms of the biodiversity of communities grasslands make up at least one third of all communities. Many
types of grasslands are rare and should be protected by, for example, inclusion in the Green Book of Karelia when it
will be worked out.

Typology of Karelia grasslands. The typology of communities (including grassland communities) represents
one of the most acute problems in botany today. The system of classification drawn up by Shennikov (1941) and com-
monly used in north-western Russia is far from perfect as its creator himself admitted. With Shennikov concentrating
solely on dominant communities and failing to formulate clearly the sizes of communities and their syntaxa, occasional
attempts have since been made to correct his classification or render it more precise. One improved version provided
the basis for the typology used by Marianna Ramenskaya in her monograph ‘Meadow vegetation of Karelia’ (1958).

In the neighbouring Nordic countries system of classification combining dominant communities with ecological
factors developed at the request of the Nordic Council of Ministers by a group led by Lars Pahlsson (P&hlsson, 1994)
has become popular over the last five years. Although this system is also short of perfect it has some advantages. One
of these derives from the fact that it was originally developed to classify the vegetation of such an integral natural com-
plex as the whole of Fennoscandia. Therefore when discussing types of Karelian grasslands the present author assumed
that it would be beneficial to combine the approaches of Shennikov and Pahlsson. It should be noted that Pahlsson con-
sidered the basic unit of meadow classification to be something akin to the association although Shennikov and
Ramenskaya (1958) treated these as formations which could be further divided into smaller associations.

The main Karelian grassland associations are presented in an ecological scheme arranged according to soil rich-
ness and moisture (fig. 32). They are often poorly defined and continually overlap one another and even other types
of vegetation (e.g. mires and forests). The crossing of dotted lines on the diagram corresponds roughly to mesic
mesotrophic meadowland. One can quickly see that most grassland types occur in hydric oligotrophic environments
although the total area of such meadows is not large. 90% of Karelian grassland area is situated in the upper right cor-
ner of the diagram.

This is not a hierarchical system of typology and communities are not combined into larger syntaxa. However,
they are divided up into groups according to moisture conditions which represents the single most important environ-
mental factor in Karelian ecosystems.
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Dry grasslands. As this type accounts for over 80% of all Karelian grassland it will be discussed first.
Extensive massifs of dry grassland occur in major agricultural areas such as the Zaonezh’e (Yudina, 2000) and North
Ladoga (Lopatin, 1971a). They are quite common in Southern Karelia.

Dry grasslands in Karelia are mainly composed of tall-grass associations dominated by Phleum pratense and
Dactylis glomerata. These two species prevail in all relatively stable dry grassland communities although their flora may
easily be divided into a number of ecological types differing according to geological conditions. Valuable grass species were
sown in man-made grasslands but the flora of present-day tall grasslands resembles that of cultivated grasslands and poor-
ly accessible sites where no undersowing was carried out. Owing to their semi-artificial origination the status of these grass-
lands was for a long time under question. Thus, meadow communities making up more than a half of the area of Karelian
grassland were omitted from Ramenskaya’s monograph (1958) as the author doubted the sustainability of cultivated grass-
lands. However in 1971 Valentin Lopatin argued that if a sown meadow ecosystem remains unchanged for a long period of
time after abandonment it may be considered as natural (Lopatin, 1971b). Recent studies have shown that such meadows
are fairly stable and can be regarded as a special type (Znamenskiy, 1999). Communities of fairly common occurrence in
the North Ladoga region containing subdominant Festuca rubra are sometimes referred to as individual formations.

It should be noted that such tall-grass formations are uncommon in Fennoscandia where soils are generally
poor. By contrast, in Karelia they are relatively diverse, productive and consequently of economic value. Also of inter-
est is the fact (Lopatin 1971b) that these meadows suffer from shortage of ground water for twelve out of every fif-
teen years and are thus transformed into steppe-like ecosystems. Lopatin concentrated on the ecomorphotype of shun-
gite alvars which are distributed on shungite deposits in Zaonezh’e with thin soil cover and characteristic coppices of
tree-like juniper (Znamenskiy, 2000).

Communities of Agrostis tenuis are floristically and ecologically similar to tall-grasslands. Of common occur-
rence in Southern Karelia, they are a poor variant of dry grasslands in which tall grasses fail to dominate. Agrostis
tenuis formations growing on acid soils co-dominating with Anthoxanthum odoratum are sometimes described as a
separate formation (Lobanova, 1970).

In the regions of Zaonezh’e and North Ladoga Festuca ovina forms small patches on rocky outcrops.
However, unlike in Sweden where communities of this species are prolific and diverse (Rosén, Borgegard, 1999),
they are displaced by tall-grass and Agrostis tenuis formations and survive only at the ecological periphery. They can
thus hardly rank as communities. In fact these last-mentioned associations can be regarded as transitional to heath
grasslands.

Heath grasslands. Xerophylous grasslands on poor soils occur in many parts of Southern Karelia but do not
form large massifs anywhere. Examples of heath grasslands are communities dominated by Nardus stricta and
Avenella flexuosa. This last-mentioned was already scarce when Ramenskaya was writing her monograph in 1958.
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Today such communities are observed only for short periods in deforested areas. Although grasslands dominated by
Nardus stricta are rather common on the podsolic soils in southern Karelia and should be considered as a final stage
of dry meadows.

Dwarf shrub communities of Vaccinium species and Calluna vulgaris forming temporary communities on areas
of clear fell mainly in Northern Karelia are also classified as heathlands. An extreme case of dry heathland is exem-
plified by bedrock vegetation composed of Sedum acre or various bryophyte and lichen communities.

Moist and wet grasslands are the main subject of Ramenskaya’s review (1958). However they are not prolif-
ic in either Northern or Southern Karelia. Moreover they have dwindled drastically over the last few decades as palud-
ified hayfields and pastures were the first to be abandoned due to low economic value. They vary significantly in soil
moisture from almost dry grassland to semi-mire and semi-aquatic vegetation.

Communities of Deschampsia cespitosa make up the most common type of the moist grassland. They are close
to mesic grasslands in terms of flora and productivity and are therefore of considerable economic value in areas lack-
ing good dry grassland.

Herb rich communities growing on richer humid soils in the Pudozh district and in Zaonezh’e are sometimes
classified as Humidoherbosa. In fact they mark a transition to dry grassland communities of tall grasses co-dominat-
ed with various herb species.

Monodominant communities of Filipendula ulmaria are reported from wetter environments such as springs and
temporarily flooded places. They occur throughout Karelia but never form large massifs.

Formations of Molinia caerulea are common in Northern and Central Karelia and occur mostly on temporari-
ly flooded lands.

Wet and mire grasslands differ from the moist type not only in their higher moisture content but also in the high-
er proportion of peat in the soil. Communities of Carex acuta that occur mainly along flooded riverbanks and
lakeshores seem to be the most common mire-like grassland formation and grow in a variety of environments through-
out Fennoscandia. They often merge with communities of Equisetum fluviatile (see Hygrophilous vegetation).

In drier soils with low levels of peat communities of Carex cespitosa form in lowlands and creek bed depres-
sions but do not form large massifs.

Prolific on peat soils are grasslands dominated by Carex nigra. Occupying large areas in Southern Karelia, this
sedge community requires richer soils.

Other numerous wet grassland formations on peat soil described by Ramenskaya (1958) are to be regarded as
mire vegetation and are thus not discussed in this paper (see Kuznetsov, present volume).

Hygrophylous vegetation. Communities of hygrophytes are not grasslands in the strict sense of the word and
are rather far-removed from the mesophytic class. However, as both Shennikov (1941) and Ramenskaya (1958)
described them in their reviews let us also briefly survey these communities.

The most common semi-aquatic species occurring throughout Karelia along lakeshores and the White Sea coast
is Phragmites australis. This reed does not require fertile soil and develops in a variety of environmental conditions.
By contrast, Scirpus lacustris is restricted to the shallow-water areas of mesotrophic lakes mainly in Southern Karelia.
Typha angustifolia is occasionally encountered at the northern boundary of its distribution area along the River Vidlitsa
and on some lakes in Zaonezhy’e.

Communities of Equisetum fluviatile resembling mire ecosystems are widespread on fairly acid soils in shal-
low water areas and on the shores of lakes and banks of creeks.

Sea coastal grasslands. Primary coastal grasslands occurring under specific soil moisture and salinity condi-
tions in a narrow belt along the White Sea coast form a special type of grassland ecosystem. Sea surf is an important
environmental factor for them. Unlike other types of grassland vegetation coastal grassland associations are clearly
distinguished from one another and no gradual transition is observed. So far few studies in Karelia have concentrated
on this kind of vegetation.

The most common type of halophytic vegetation is the sedge Carex mackenziei which in drier environment is
replaced by Juncus gerardi often co-dominating with Festuca rubra. North of Belomorsk communities of Puccinella
maritima are widespread. In the upper parts of the surf zone associations of Alopecurus arundinaceus and Agrostis
gigantea are also encountered.

Other examples of coastal vegetation include communities of the reed (Phragmites australis) growing togeth-
er with halophytic species such as Eleocharis uniglumis and Bolboschoenus maritimus which are found in shallow
waters and in water-filled hollows and channels.

In the tidal zone vegetation is highly fragmented and made up of individual Aster tripolium, Triglochin mar-
itimus and various other halophytic species.

Certain temporary communities poor in species such as associations of Heracleum sibiricum growing on dis-
turbed soils in Zaonezh’e or Elytrigia repens on patches of fertilised soil are not discussed in this section. Such com-
munities are quite short-lived and disappear as soon as the supply of soil nutrients is exhausted. Another example of
a short-lived formation is Chamerion angustifolium which commonly forms temporary grassland-type communities
on areas of forest clearfell and on overgrown farmlands in many parts of Karelia.

Grassland provinces of Karelia. Ramenskaya (1958) distinguished five distinct grassland provinces in
Karelia (fig. 33). This remains the only attempt to describe the geography of Karelian grasslands. Each province is
briefly described below.
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Fig. 33. Map of Karelia grassland provinces (after Ramenskaya, 1958)

1. North-Central province; 2. White Sea province; 3. South-western province; 4. Southern province; 5. South-eastern province
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The North-Central province (1) includes the territories of the Louhi, Kalevala, Kem’, Muezerskiy, Belomorsk,
Segezha and Kostomuksha administrative districts excluding the White Sea coast. This province is of low agricultur-
al value and grasslands make up only 0.01% of its total area. In spite of the large area of this province it contributes
no more than 5% of all Karelian grasslands. It is generally dominated by Deschampsia cespitosa in river and lake val-
leys and by Agrostis tenuis in drier environments. Dwarf shrub (Vaccinium species or Calluna vulgaris) and Avenella
flexuosa heathlands occur on areas of clearfell in this province. In addition, various types of wet grassland occur in
small patches near lakes and rivers.

Of greatest interest in this province are tall-grass (sic!) meadows on the shores of Lake Paanajirvi. They are
fairly stable even though they have not been cultivated for some 60 years. These meadows undoubtedly deserve fur-
ther studies and protection.

The White Sea province (2) extends as a 30—50 km wide strip along the White Sea coast. Grasslands formed
of Deschampsea cespitosa and Carex nigra account for just 0.01-0.02% of the area of the province. Coastal halophytic
grasslands occurring only in this region of Karelia contribute substantially to regional diversity. These have already
been described above.

The South-western province (3) includes the districts of Lahdenpohja, Pitkaranta and Sortavala (North Ladoga
region) as well as parts of the neighbouring districts of Suojérvi and Olonets. This province was second in terms of
agriculture only to Zaonezh’e. Grasslands make up about 3% of the total area of the province and account for some
43% of all Karelian grassland. Most of these grasslands are tall-grass meadows but Agrostis tenuis and Herba varia
humida communities also occur, thus indicating a fairly high soil fertility.

Unfortunately the grasslands of Ladoga region have not been studied in sufficient detail. They have been sig-
nificantly transformed since the last studies were conducted in the mid 20th century (Lopatin, 1971a) and should there-
fore be re-investigated.

The Southern province (4) includes the districts of Olonets and Pryazha as well as the border zones of adjacent
districts in Southern Karelia. The proportion of grassland corresponds with the Karelian average except for the Olonets
district where it covers 1.28% of the total territory. Grasslands located in the southern part of the province were stud-
ied in detail by Valentina Yudina (Lobanova) (Lobanova, 1971). She described them in terms of dry oligotrophic grass-
lands and Deschampsia cespitosa meadows formed on hayfields and pastures. Ramenskaya (1964) focused on olig-
otrophic grasslands on peat soils occurring in the northern part of the province.

The South-eastern province (5) covers the districts of Pudozh, Kondopoga and Prionezh’e, the Vepsian nation-
al district and the most interesting part of the Medvezh’egorsk district. As the province is geologically heterogeneous
its grasslands are fairly diverse. They account for about 40% of all Karelia grasslands. A half of these are located in
Zaonezh’e due to the fact that this has long been the best developed agricultural area in Karelia and, indeed, the only
area in northern Russian where wheat can be cultivated. High average temperatures (even higher than in North Ladoga
region) and fertile soils were conducive to the development of field farming. In the 20th century the proportion of sown
land diminished and areas of abandoned lands accumulated. Today grasslands cover 20-25 000 hectares in Zaonezh’e.
In many areas highly productive grasses and legumes were undersown. However, cultivation ended quite a long time
ago although the structure of these lands remains stable. From their present-day appearance one might easily deceived
into believing that these grasslands were of natural origination. In any case Zaonezh’e tall-grass meadows are unique
not only to Karelia but also to North Europe.

Elsewhere in the province grasslands are diverse but not extensive. Of interest are the grasslands located in the
culturally and historically important Vodlozero region. These grasslands have yet to studied properly.

Non-paludified flooded meadows in the Upper Vodla and Koloda rivers of the Pudozh district are of interest
because flooded river valleys are generally typical of East European plains rather than of Fennoscandia. According to
the State Land Committee of Karelia in 1998 they extended over just 5 ha in Karelia.

The major part of Karelian grassland studies was performed in this grassland province. During the period 1960-
1980 the dynamics of various types of grasslands were being studied at the Bol. Voronovo Field Research Station (see
e.g. Zaikova, 1980). Grasslands in Zaonezh’e are now being studied as part of an ecological monitoring programme
launched by the Kizhi Open Air Museum (Znamenskiy, 1999; Yudina, 1999, 2000).

Conclusion. To sum up, Karelia grasslands exhibit ecological and phytosociological patterns all of their own.
Karelian tall-grasses meadows are not typical of either Fennoscandia or the East European Plain. Unfortunately, the
studies of recent years have concentrated on only one region (albeit in great detail), namely, Zaonezhy’e. It is desir-
able to continue and expand these studies both geographically and ecologically.
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3. FLORA AND FAUNA OF TERRESTRIAL ECOSYSTEMS: CHARACTERISTICS
AND VARIATION TRENDS

3.1. Vascular plants

3.1.1 The role of protected areas in Karelia’s border zone in the conservation
of floristic biodiversity

Introduction. Karelia extends over 650 km from latitude 61° N northwards as far as the Arctic Circle. Its flora
has been formed by the migration of species from various floristic complexes following the retreat of the most recent
glaciation. Analysis of the floristic composition both of the whole of Karelia and of each floristic province
(Kravchenko et al., 2000; Kravchenko & Kuznetsov, 2001) has shown that Karelia contains a total of 1631 vascular
plant species, 926 of which are aboriginal or archeophytic. The flora of southern Karelia is the most varied in terms
of the total number of species present and the prolificacy of aboriginal plants. Many plants occurring close to areal
boundaries are rare and should therefore be protected. Listed in the Red Data Book of Karelia (1995) are 205 vascu-
lar plant species. In preparing the Red Data Book of East Fennoscandia (Red Data Book..., 1998) the authors revised
and extended the lists of species in need of protection. More recently 267 Karelian vascular plant species were classi-
fied in accordance with ITUCN.

As aresult of commercial activities rare species are likely to become less prolific and populations may even be
destroyed. The best way to conserve typical and unique ecosystems, as well as rare and endangered plant populations,
is to establish strictly protected nature arecas (SPNAs). Karelia has a well-developed SPNA network (Hokhlova et al.,
2000) which nevertheless fails to represent the entire diversity of Karelian ecosystems. Therefore, over the past few
years scientists in Karelia have been conducting large-scale joint studies with the Ministry of the Environment of
Finland in order to identify and delineate valuable territories and present convincing arguments in favour of estab-
lishing new SPNAs.

Of great significance as a potential SPNA is an approximately 50 km wide segment of the Karelian-Finnish
border extending along longitude 31° E on the Karelian side of the border. As well as being an excellent experimen-
tal area for the biogeographic study of East Fennoscandia this area incorporates a number of territories vital for the
conservation of regional biodiversity as well as of the south, mid and north-taiga subzones (Yurkovskaya, 1993). The
segment extends across five biogeographic provinces in Fennoscandia (Mela & Cajander, 1906) described as floristic
provinces by Kravchenko & Kuznetsov (2001). Located in this territory is the Baltic Sea-White Sea watershed which
is dominated by landscapes containing a rugged relief of denudation-tectonic genesis and which has given rise to a
variety of habitats and a diverse vegetation cover. Most of the territory has always been sparsely populated and as a
consequence of state border regulations there have been no permanent settlements here during the past forty years.
Large fragments of undisturbed landscapes containing primeval forests, natural mires and lakes bearing no signs of
pollution or eutrophication have survived. South of 63° N the territory has long been developed by man and exhibits
a variety of anthropogenic habitats and secondary communities.

Northern Priladozhye (the southernmost part of Karelia’s border zone) and the Lake Paanajérvi area (north-
ernmost portion) have been studied botanically over some 150 years and have provided a source of extensive floris-
tic information which has been presented in dozens of publications. In the 1970s scientists began to study the veg-
etation cover in the area of Kostomuksha but because of poor roads, border regulations and the sparse population
practically nothing was known of the vegetation of the remainder of the border zone until botanical research began
there ten years ago. With the exception of the Priladozhye and Lake Paanajérvi areas, almost the whole of the bor-
der zone is of lesser interest to botanists due to its watershed location and the predominance of oligotrophic habi-
tats on felsic granite gneisses and poor sand. This compares with territories with more varied biotopes and diverse
flora, containing eutrophic mires, mafic and carbonate bedrock exposures, motley-grass and nemoral forests and
extrazonal communities.

On the basis of the results of multi-disciplinary studies of ecosystems of the entire border zone carried out dur-
ing 1994-1999 by the Karelian Research Centre, RAS, and supported by the Ministry of the Environment of Finland,
a proposal was put forward to establish a number of protected areas (Sazonov & Kravchenko, 1996 et al.).

The whole zone on both sides of the border, which stretches from the Baltic Sea to the Barents Sea, is now
known as the Green Belt of Fennoscandia. Proposals to include it in the UNESCO World Natural and Cultural Heritage
List have been made and large-scale studies have been conducted in Russia, Finland and Norway in order to present
arguments in favour of the establishment of various types of protected areas. Located in the Karelian part of the Green
Belt of Fennoscandia are a number of existing and proposed SPNAs (Fig. 34). As vascular plants have been studied
in all of these over the past twenty years their contribution to the floristic diversity of Karelia may now be assessed.
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Fig. 34. Existing and planned PAs:

1. Paanajdrvi National Park, 2. Kalevala proposed National Park (PNP), 3. Kostomuksha Strict Nature Reserve, 4. Tuulos PNP, 5. Koitajoki PNP,
6. Tolvajarvi Landscape Reserve, 7. Ladoga Skerries PNP, 8. Sortavala Botanical Reserve, 9. Valaam Archipelago Nature Park, 10. Iso-Iijarvi
Landscape Reserve, 11. Zapadny Archipelago Landscape Reserve
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Materials and methods. Flora was studied by the traverse route method and all types of habitats were exam-
ined in each territory. The plants sampled are kept in the Forest Research Institute Herbarium, Karelian Research
Centre, RAS (PTZ). The goal of this study is to analyse the prolificacy of rare and endangered vascular plant species
listed in the Red Data Books of Russia (1988), Karelia (1995) and East Fennoscandia (Red Data.., 1998) in existing
and proposed SPNAs in the Karelian part of the Green Belt of Fennoscandia and to assess their role in the conserva-
tion of regional floristic biodiversity. Available literature, archives and herbaria were analysed together with the results
of the floristic studies carried out in Karelia over the past few years.

Results. The extent of study of vascular plants in existing and proposed SPNAs in the border zone of Karelia
(Fig.34) varies from area to area. Information on the flora of each SPNA and evidence for the occurrence of Red Data
Books species is presented below (Table 11).

The Zapadny Archipelago Landscape Reserve (total area 19527 ha, land area 393 ha, established 1996).
Until recently very little was known about the flora of the archipelago which lies in the western part of Lake Ladoga,
and only limited evidence was available concerning the occurrence of dozens of species (Rasanen, 1944; Hiitonen,
1946). The results of our studies undertaken in 1993 show that the archipelago has a population of 334 vascular plant
species. Lists of species for six of the seven largest islands are now available (Kravchenko & Kryshen, 1995). As
each of the islands was visited for only a short time and Kugrisaari, one of the largest islands, has not been studied
at all, some species new to each specific island and even to the whole archipelago are still likely to be found. The
archipelago is populated by 18 Red Data Book species (Table 11), some of which belong to the arctalpine group and
occur at the southernmost limits of their distribution areas.

The Iso-lijirvi Landscape Reserve (area 5778 ha, established 1995). We do not know of any publication
dealing with the flora of this area. It appears that owing to the paucity of its flora, especially in comparison with the
Lake Ladoga skerries, this territory had until recently not attracted the attention of botanists. In 1994 we conducted a
feasibility study concerning the establishment of a reserve there. We concentrated solely on the eastern part of the
reserve (east of Lake Pieni-lijarvi) where a total of 325 vascular plant species were found. Interestingly, Chimaphila
umbellata, which is seldom encountered in Karelia, was reported at various sites on the shore of Lake Iso-Iijarvi in
communities formed during primary succession after the water level of the lake had dropped by several metres. To
date only five Red Data Book species have been identified in the reserve (Table 11).

The Valaam Archipelago Nature Park (total area 24 700 hectares, land area 3600 hectares, established 2000).
The park covers the Valaam unique historical and nature-landscape territory which previously contained the Open Air
Museum of History, Architecture and Nature and a forest reserve. Floristic studies have been conducted in Valaam
since the mid 19th century and data on some of the archipelago’s plants are presented in numerous publications.
However, it was not until 1925 (Hulkkonen, 1925) that a relatively long list of species appeared. Many species report-
ed from Valaam before the Second World War are listed in the Atlas of Vascular Plant Distribution in North Europe
(Hulten, 1971). A fairly complete list of plants known in the archipelago was published by Pobedimova and Gladkova
(1966) and more recent evidence for new species has been discussed elsewhere (Ronkonen & Kravchenko, 1983;
Kravchenko, 1988; Ecosystems of Valaam .., 1989). Over the past decade further information on the flora of Valaam
has been obtained and certain species previously unknown to the archipelago have been found. However, the results
of these studies have yet to be summarised. The park has at least 590 vascular plant species (in addition to introduced
plant species which grow there in great abundance). The finding of 61 Red Data Book species (Table 11) indicates
once again that this SPNA is of considerable floristic valuable and needs to be preserved. Some species such as
Platanthera chlorantha, Corydalis intermedia, Cotoneaster integerrimus and Potentilla neumanniana do not occur in
other protected areas in Karelia.

The proposed Ladoga Skerries National Park (area approx. 84 000 ha) displays a unique diversity of
biotopes. Botanical studies have been conducted here since the mid 19th century. Finnish botanists have published
numerous papers describing the floristic patterns of specific localities and the occurrence of individual species.
Available floristic data was summarised and analysed in the early 20th century (Linkola, 1916, 1921). The distribution
of species in the park is clearly presented in an atlas made by E. Hultén (1971) but the author only made use of data
obtained by Finnish botanists before the Second World War. We have been carrying out floristic studies in various parts
of the park since 1984 but the data published covers only one locality (Kravchenko et al., 2000).

After a break of some fifty years Finnish botanists and students have over the past decade resumed studies here.
A paper dealing with all the protected species ever recorded in the park has recently appeared (Heikkila et al., 1999).
The study of specific sites long associated with certain rare and endangered vascular plants has shown that populations
of these species are stable. Most species previously collected here were found again at each respective locality (Vasari,
1998; Heikkila et al., 1999a; Savola, 1999). The preliminary list for the park consists of about 750 species. As land
accounts for about a half of the park’s area (approx. 40 000 ha) the floristic diversity of the park is abnormally high
by Karelian standards. The park contains 101 Red Data Book species (Table 11). This territory is of very great impor-
tance for the conservation of vascular plant diversity not only of the Karelian border zone but also of the whole of
Karelia and, indeed, East Fennoscandia.

The Sortavala Botanical Reserve (area 100 ha; founded 1978) was established in order to preserve Karelia’s
largest collection of introduced arboreal plants including no less than 109 species, varieties and forms (Andreyev &
Kuchko, 1990). The wild flora of the reserve is also highly diverse. In spite of its proximity to Sortavala the territo-
ry has not been visited by Finnish botanists and only a few species have been sampled. During the course of our
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Table 11

Occurrence of vascular species listed in the Red Data Books of Russian Federation (1988), Karelia (1995)
and East Fennoscandia (1998) in the Nature Protection Areas along Russian-Finnish border (IUCN categories shown*)

Nature Protection Area Red Data Book

Lado- Rus-
. West | Iso- Sor- . Kosto- Paa- | . East
Species . |y.... |Vala-| ga Tolva- |Koita-| Tuu- Kale-| .. | sian |Kare-
Archi- | lijar- ta- | .. .. muk- najé- . | Fenno-

. | am [Sker- jarvi | joki | los vala . |Fede-| lia .

pelago| vi . vala sha rvi . scandia
ries ration

Woodsia alpina (Bolt.) S. F. Gray + + +

Woodsia glabella R. Br.

Cystopteris dickieana R. Sim. + +

Gymnocarpium jessoénse (Koidz.) Koidz.

Gymnocarpium robertianum (Hoffm.) Newm. +

Polystichum lonchitis (L.) Roth

+ ]+ [+ ]+

Asplenium ruta-muraria L.

Asplenium septentrionale (L.) Hoffm. + +

+

Asplenium viride Huds.

+

Botrychium boreale Milde + +

Botrychium lanceolatum (S. G. Gmel.) Angstr.

[SoN [F =Ny UV NNy Ny JUSH Kl | \OJ) | ) LUV RUSH U8}

Botrychium matricariifolium A. Br. ex Koch +

Botrychium multifidum (S. G. Gmel.) Rupr.

Botrychium simplex E. Hitchc.

Botrychium virginianum (L.) Sw.

WIN|([OD|W[INR R |W|W[R|W|[OD W[ |W[w]|Ww

A R A R A R A ks

Ophioglossum vulgatum L.

Diphasiastrum alpinum (L.) Holub

+
+
+
+
+
+
[\S}
N

Isoétes echinospora Durieu + +

Isoétes lacustris L.

Sparganium glomeratum (Laest.) L. Neum. + + + + +

i
+
i
I
I
i
i
+ |+ [+ [+ ]+
+
N
N

Agrostis clavata Trin.

Brachypodium pinnatum (L.) Beauv. +

Cinna latifolia (Trev.) Griseb. +

Elymus fibrosus (Schrenk) Tzvel. +

PN W W W

+

Elymus kronokensis (Kom.) Tzvel.

Elymus mutabilis (Drob.) Tzvel. +

Festuca sabulosa (Anderss.) Lindb. fil. +

Hierochloé australis (Schrad.) Roem. & Schult. +

Hierochloé hirta (Schrank) Borb. +

+ |+ |+ [+

Lolium remotum Schrank

Poa lapponica Prokud. + +

Carex adelostoma V. Krecz. + 3

+
+
+

Carex atherodes Spreng.

W W W[ [O|W[W[W|— NN |W | w]w]|w

+

Carex bohemica Schreb.

Carex contigua Hoppe + + 3

Carex glacialis Mackenz.

Carex heleonastes Ehrh.

Carex jemtlandica (Palmgr.) Palmgr.

Carex laxa Wahlenb.

Carex livida (Wahlenb.) Willd. ? +

|+ ]+
w

Carex media R.Br.

W W[+ [N ]—= ]|

Carex muricata L. + + +

+

Carex norvegica Retz. + +

+

Carex parallela (Laest.) Sommerf.

WO |—=|WlW|h~ ||

Carex rupestris All. +

Carex scandinavica E.W. Davies +

Carex tenuiflora Wahlenb. + +

Carex vulpina L. + 1

Wl | Wlw|w|O

Eleocharis mamillata Lindb. fil. + + + +

Eriophorum brachyantherum Trautv. &
C. A. Mey.

Rhynchospora fusca (L.) Ait. fil. + 3 3 3
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Nature Protection Area Red Data Book

Lado- Rus-
. t [ Iso- I- . Kosto- Paa- | . East
Species Wesv SO Vala-| ga So Tolva- |Koita-| Tuu-| 0> 0 |Kale- a.% sian |Kare-| o
Archi- | lijar- ta- | .. L muk- naja- . | Fenno-

. | am [Sker- jarvi | joki | los vala . |Fede-| lia .

pelago| wvi . vala sha rvi . scandia
ries ration

Scirpus radicans Schkuhr + 3

Juncus bulbosus L. + + + + + +

Juncus triglumis L. + 3

S

Luzula spicata (L.) DC. +

Allium schoenoprasum L.

Allium strictum Schrad. +

Gagea lutea (L.) Ker-Gawl.

+ |+ |+ [+
+

Cypripedium calceolus L.

Calypso bulbosa (L.) Oakes + 3

+
w
WlW|hA |~ |Ww

Dactylorhiza cruenta (O. F. Muel.) Sod + +

—WIW|h]|R|WIW|O|W|A]|W

Dactylorhiza lapponica (Laest.) S06 +

Dactylorhiza traunsteineri (Saut.) Sod + + + + + 3

Epipogium aphyllum Sw. + + 4

+

Malaxis monophyllos (L.) Sw.

Neottia nidus-avis (L.) Rich.

Platanthera chlorantha (Cust.) Reichenb.

+ [+ [+ ]+

Salix acutifolia Willd.

+
+
[\ F-N I NS QUSRS RN 33 VS J) [ PN
[\S3 RSN § O 38 U8}

Salix pyrolifolia Ledeb. +

+

Salix reticulata L.

Salix triandra L. +

Myrica gale L.

Ulmus glabra Huds. +

Humulus lupulus L.

Rumex maritimus L. +
Agrostemma githago L.

+
+ |+ [+ ]+ ]+
+

Arenaria pseudofrigida (Ostenf. et Dahl)
Juz. ex Schischk.

W W= |Ww
W | O|W[W|W[N|W|Ww|—

+
+
+

Cerastium alpinum L. + +

Dianthus arenarius L. + +

Gastrolychnis angustiflora Rupr. +

Gypsophila fastigiata L. +

Minuartia verna (L.) Hiern +

Wl ||~ ]|Ww]w]| w

Myosoton aquaticum (L.) Moench +

EN) (VSN [US R | O F ) JUS)

Psammophiliella muralis (L.) Ikonn. +

W

Silene nutans L. + + +

Silene tatarica (L.) Pers.

W | W

Steris alpina (L.) Sourkova +

Stellaria calycantha (Ledeb.) Bong. +

Batrachium eradicatum (Laest.) Fries

+ ]+ [+ ]+

Batrachium trichophyllum (Chaix) Bosch +

Ficaria verna Huds. +

Ranunculus cassubicus L. + + +

WWW|h|bD|W|Ww
W

Ranunculus hyperboreus Rottb. +

w

Thalictrum aquilegifolium L. + + +

S

Corydalis intermedia (L.) Merat +

Arabis alpina L. +

Cardamine parviflora L. + +

+
+

Draba cinerea Adams

W W IW NN

Draba hirta L. +

Draba nemorosa L. + +

Wb |W|Ww|w

Erophila verna (L.) Bess. + +

Jovibarba sobolifera (Sims) Opiz

Tillaea aquatica L.

+ |+ [+ ]+ ]+
+

Saxifraga adscendens L. +

W W W |Ww

Saxifraga aizoides L. +

WW W W

+
+

Saxifraga cespitosa L. T "
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End. table 11

Nature Protection Area Red Data Book

Lado- Rus-
. West | Iso- T- . Kosto- Paa- | . East
Species s SO Vala-| ga So Tolva-|Koita-| Tuu-| 0> | Kale- .. | sian [Kare- S
Archi- | Iijar- ta- [ .. .. muk- naji- . | Fenno-

. | am [Sker- jarvi | joki | los vala . |Fede-| lia .

pelago| vi . vala sha rvi . scandia
ries ration

w2

Saxifraga hirculus L. +

Saxifraga nivalis L. + + + + "

Agrimonia eupatoria L. +

Agrimonia pilosa Ledeb. +

Alchemilla hirsuticaulis Lindb. fil. +

Alchemilla murbeckiana Bus. + +

Alchemilla plicata Bus. +

Alchemilla propinqua Lindb. fil. ex Juz. +

Cotoneaster x antoninae Juz. ex Orlova + +

Cotoneaster integerrimus Medik. + 2

+

Padus borealis Shubel.

+
[\

Potentilla crantzii (Crantz) G. Beck. ex Fritsch +

Potentilla neumanniana Reichenb. + 0

Potentilla nivea L.

Potentilla chamissonis Hult.

(=]

Sibbaldia procumbens L.

Sorbus gorodkovii Pojark. +

Astragalus frigidus (L.) A. Gray

Astragalus subpolaris Boriss. & Schischk. +

[+ [+ [+ ]+ ]+

Oxytropis sordida (Willd.) Pers.

W W W |w

Geranium bohemicum L. +

+
+

Geranium robertianum L.

5]

Polygala comosa Schkuhr +

Polygala vulgaris L.

Callitriche hermaphroditica L.

Hypericum perforatum L. + +

Elatine orthosperma Dueben

Elatine triandra Schkuhr

Viola rupestris F.W. Schmidt +

Viola persicifolia Schreb. + +

[+
W

Peplis portula L.

Epilobium alsinifolium Vill.

WWWIW[R|[WIN|W|W|W|=|W[WIWIWIWR =N |OIN|R[V]R|W WA |W|W]|wW

Epilobium davuricum Fisch. ex Hornem.

W |W W W W

Epilobium hornemannii Reichenb. + +

Epilobium laestadii Kytov.

+ |+ |+ [+ [+

Myriophyllum sibiricum Kom. +

Myriophyllum verticillatum L. + + +

+

Angelica archangelica L.

Oenanthe aquatica (L.) Poir. +

Pimpinella major (L.) Huds. + +

WlWlh W lw|w

Chimaphila umbellata (L.) W. Barton + + +

+

Pyrola norvegica Knab.

WA |W|W|A~ W

Hypopitys monotropa Crantz + + +

Loiseleuria procumbens (L.) Desv.

Phyllodoce caerulea (L.) Bab.

Androsace septentrionalis L. +

W | W W W

Primula stricta Hornem.

Gentianella amarella (L.) Boern.

|+ [+

Gentianella lingulata (Agardh) Pritchard +

OB | |W|N|Ww

Cuscuta epilinum (L.) L.

+ [+ ]+ ]+

Cuscuta europaea L.

Polemonium acutiflorum Willd. ex Roem. &
Schult.

Hackelia deflexa (Wahlenb.) Opiz + + +

Myosotis decumbens Host +

N W |
[NSN | O} [O8)

Myosotis ramosissima Rochel ex Schult. +
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Nature Protection Area Red Data Book
Lado- Rus-
Species WesF ISO- Vala-| ga Sor- Tolva-|Koita-|Tuu- Kosto- Kale- Pa.%- sian |Kare- East
Archi- | lijar- ta- | .. ] muk- naja- . | Fenno-
pelago| wvi am Slfer— vala | %7V [ oki | los sha vala rvi Fefie- lia scandia
ries ration

Dracocephalum ruyschiana L. + 3
Origanum vulgare L. + + + 3 3
Thymus subarcticus Klok. & Shost. + 2 2
Limosella aquatica L. + 4
Veronica fruticans L. + 2 2
Veronica spicata L. + + 3 3
Pinguicula alpina L. + 3 3
Pinguicula villosa L. + + + 4
Littorella uniflora (L.) Aschers. + 4 2
Galium odoratum (L.) Scop. + 3 3
Galium trifidum L. + + + + + + 4
Valeriana sambucifolia Mikan fil. + + + + 4
Campanula cervicaria L. + + + 3
Campanula latifolia L. + + 4 4
Campanula trachelium L. + + + 4
Lobelia dortmanna L. + + + + + + + + 3 4
Aster sibiricus L. + 0 0
Carlina biebersteinii Bernh. ex Hornem. + 3 3
Cicerbita alpina (L.) Wallr. + 3 4
Crepis biennis L. + 4
Crepis nigrescens Pohle + + 3
Erigeron decoloratus Lindb. fil. + 3
Eupatorium cannabinum L. + + 3 3
Inula salicina L. + + + 3
Mpycelis muralis (L.) Dumort. + 3 3
Total number of the species on the protected 334 1325 500 | € 1300 | 368 | 339 |341] 395 | 420 | <&
area 750 550
Number of red listed species 18 5 61 | 101 | 15 8 10 9 17 20 | 97
Area of protected area / 1000 ha 0.8*¥* | 4 [3.6%] 45* [ 0.1 42 31 80 [ 47 | 100 | 104

* Status of species according the IUCN categories: 0(Ex) — extinct or probably extinct, 1(E) — endangered, 2(V) — vulnerable, 3(R) — rare,
4(1) - indeterminate.
** = land only.

floristic study of the reserve which began in 1978 we identified a total of 329 vascular plant species (Kravchenko et
al., 1997), a very high number for such a small area in the taiga zone. The reserve is now known to contain 15 Red
Data Book species (Table 11). In the event of the Ladoga Skerries National Park being established this reserve will
be decommissioned and become part of the Ladoga strictly protected zone.

The Tolvajirvi Landscape Reserve (area 41 900 ha, established 1995). The first attempts to briefly survey the
area were made as early as 1915-1916 (Linkola, 1916, 1921, 1931). We have visited the reserve many times since
1990 collecting materials for a feasibility study. The first results of our research have recently been published
(Kravchenko, 1995). In 1998 a more complete annotated list of species incorporating the 1995-1997 findings appeared
(Kravchenko, 1998, manuscript). During 1998-2000 various new species were found. These included Hypopitys
monotropa which is seldom encountered at this latitude. The reserve has a total of 368 species although only eight of
these are listed in the Red Data Books (Table 11).

The proposed Koitajoki National Natural Park (area 30 000 ha). Until recently practically nothing was
known of the vegetation cover of the Koitajoki river valley. Our studies conducted in 1995 and 1998 were restricted
mainly to the most accessible eastern part of the park. An annotated list of the vascular plants so far identified has been
drawn up (Kravchenko et al., 1998, manuscript). In all we found 339 species (Kravchenko & Sazonov, 2000, with sup-
plements), ten of which are included in the Red Data Books (Table 11).

In accordance with a project directed by Rosgiproles in 1997-1998, the Koitajoki National Natural Park will
incorporate a segment of the Koitajoki river valley, which stretches as far as the state border, as well as the area cov-
ered by the Tolvajarvi Landscape Reserve.

The proposed Tuulos National Natural Park (area approx. 36 000 ha). Until recently almost nothing was
known of the flora of the Tuulos area although in 1896 and again during the Second World War various Finnish
botanists (Jalas 1948; Erkamo, 1949) conducted studies there. During our brief visits to the park in 1994 we only man-
aged to study the outskirts of Koroppi, Tulevaara and Tuulos. Thus, the list of species presented by Kravchenko and
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co-workers (Kravchenko et al.,1997a) is far from complete. Including the findings reported in 2000 which incorporate
certain species rare in this part of Karelia, e.g. Carex atherodes and C. vulpina (the latter was known earlier only from
the southeasternmost part of Karelia, Ramenskaya, 1983), the reserve is now believed to contain a total of 341 vascu-
lar plant species. Nine of these are described in the Red Data Books (Table 11).

The Kostomuksha Strict Nature Reserve (area 47 659 ha, established 1983). The reserve became a part of
Finnish-Russian Friendship Park in 1989. Before that the area had been briefly visited once by a Finnish botanist in
the late 19th century (Wainio, 1878). A floristic inventory was undertaken after the establishment of the reserve. In all,
395 vascular plant species have been found (Kravchenko & Belousova, 1990; Kravchenko & Kashevarov, 1997,
Kravchenko, 1997). So far our studies have not yet covered the western part of the reserve which has been most devel-
oped by man and contains a number of old Karelian villages. As this area is still significantly affected by human activ-
ities (frontier posts and various technical facilities), new plants, especially alien species, are likely to be found here.
Seventeen Red Data Book species (Table 11) including 7illaea aquatica, Littorella uniflora etc., have been reported.
These are the northernmost recordings of the two species in Karelia.

The proposed Kalevala National Park (area approx. 100 000 ha). Until recently no floristic information had
been collected from this area. During 1996—-1998 we studied almost the whole area of the proposed park excepting its
northwestern and western parts (between Lake Nizhnyaya Lapukka and the state border). The first floristic data for the
park was published in the form of an annotated list (Kravchenko et al., 1998c); the flora was characterised in general
terms Kravchenko et al., 1998a,b) and the composition of several local flora was described (Kravchenko et. al, 2000).
429 species are now known from the park. However, since the area in question is so extensive it would be wrong to
suggest that we know everything about its flora. This is borne out by studies conducted in 2000 which revealed many
new species including the interesting finds of Diphasiastrum alpinum and Geranium palustre (the northernmost
known site in Karelia) close to the border. Twenty Red Data Book species (Table 11), including Stellaria calycantha,
were found here at their southernmost known locations in Karelia.

The Paanajirvi National Park (area 104 371 ha, established 1992) has been studied in detail with floristic
research beginning as early as the mid 19th century. Most of the data collected concerns the western part of the park,
especially the Paanajérvi lake valley. Extensive floristic lists of the area were published by E. Wainio (1878), A. Auer
(1944) and M. Kotilainen (1951). During the Second World War the Olanga river valley was studied and an anno-
tated list of species published (Soyrinki, 1956). A comprehensive presentation of floristic data for the park was pub-
lished in the ‘Atlas of Vascular Plant Distribution in North Europe’ (Hultén, 1971). After break of some 45 years a
new stage of floristic research began in 1988. Since then the park has been visited several times by Russian and
Finnish botanists and available floristic data from Mount Nuorunen and its environs has been published along with
data concerning a number of local flora from the Lake Paanajérvi-River Olanga valley, (Kravchenko et al, 1995;
Kravchenko et. al, 2000). A general list of vascular plants (Kravchenko & Kuznetsov, 1993, manuscript) consisting
of some 550 taxa has been drawn up (Kravchenko & Kuznetsov, 1993; Kuznetsov & Kravchenko, 2000). As the
number of taxa known from the area has increased and our understanding of many taxa considerably improved over
the past few years the herbaria collected from the park and kept in Finland need to be revised. Our floristic knowl-
edge of the park is still incomplete as is amply demonstrated by the fact that about twenty species not previously
known from the area have recently been found. Thus, for example, Epipogium aphyllum (the first recording of this
species in the Karelian part of the Regio kuusamoénsis province) is reported in 2000 close to Lake Iso-Sieppijérvi.
In all, ninety-seven Red Data Book species (Table 11) have been identified in the park. This is only slightly less than
for the proposed Ladoga Skerries Park.

Conclusion. The protected areas located in the border zone of Karelia differ appreciably from one another in
terms of plant species diversity. The total number of vascular plant species present varies from 325 (Iso-lijarvi
Landscape Reserve) to 750 (proposed Ladoga Skerries National Park). The existing and proposed SPNAs are floristi-
cally representative of the biogeographic provinces in which they are located.

Altogether, 186 Red Data Book vascular plant species, i.e. 63% of the total number (298) known to Karelia,
are now known to occur in the protected areas situated in the border zone of Karelia (Table 11). The number of
Red Data Book species in individual SPNAs varies from 5 (Iso-lijarvi) to 101 (Ladoga Skerries), suggesting that
each protected area contributes to regional biodiversity in its own way. The number of Red Data Book species
occurring in SPNAs depends on their area, the diversity of biotopes present and the degree of anthropogenic
transformation.

The Paanajirvi National Park is of unique importance for the conservation of northern species. It hosts the
entire flora of the Karelian part of Regio kuusamoénsis province, including 97 protected species. Indeed, it is the sole
location of many Karelian protected species.

The number of protected species in the SPNAs of central Karelia low, i.e. between eight and twenty, and the
flora of the region as a whole is limited. Boreal species form widespread tracts while southern and northern species
are scarce.

The largest number of Red Data Book species (101) was reported from the proposed Ladoga Skerries National
Park. Many southern species occurring there are not encountered in other SPNAs or in other parts of Karelia.
Therefore, it is of the utmost importance that this park be established as soon as possible.

Further floristic studies need to be conducted and the monitoring of populations of rare species should be ini-
tiated in all existing and proposed SPNAs.
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3.1.2. Intraspecific diversity of pine and spruce

The forests of East Fennoscandia form part of the taiga zone. The species composition of forest ecosystems is
relatively simple with two to three or even one species dominating over vast territories. However, since these species
are spread over large areas containing a wide variety habitats they may be differentiated at interpopulation and cenot-
ic (forest type) levels. As these species possess specific biological characteristics of their own they are also highly
diverse at the intrapopulation level.

Thus, in spite of the extremely low species diversity of taiga forests, the intraspecific variation of major forest-
forming species is high enough to maintain the stability of forest ecosystems. It is clear that a study of their intraspe-
cific diversity should be carried out in conjunction with the inventory, assessment and conservation of species biodi-
versity.

Coniferous forests cover 89% of Karelian land area. There are two major forest-forming species: Scots pine
(Pinus sylvestris L.) and Finnish spruce (Picea x fennica (Regel) Kom.) which is the spontaneous hybrid between
Picea abies Karst. and Picea obovata Ledeb. (Pravdin, 1975; Scherbakova, 1975; Bobrov, 1978). The study of their
intraspecific variation is of importance for the development of methods of maintaining the stability of forest commu-
nities and the diversity of forest ecosystems in the region.

Scots pine (Pinus sylvestris L.). Pine stands cover 64% of the forested area of Karelia. The composition of
forests varies considerably from one province to another. The north-taiga subzone is dominated by pine (76%) while
deciduous trees make up just 4%. In the mid-taiga subzone deciduous species account for about 20% of forested area,
the rest of the subzone being shared almost equally between pine and spruce.

Scots pine grows in various environments throughout a vast continuous intrazonal area, suggesting that its
intraspecific variation reserves are large. The continuity of its habitat together with a good dispersal of its pollen and
seeds contributes to gene migration and species integrity. In the absence of well-defined mountain relief, great dis-
tances are the main factor responsible for the isolation of populations. Scots pine is a classic example of the continu-
ous geographic variability of population systems. Its genetic structure, phenotypic characters and properties change
gradually from north to south with changing photoperiod and other macroclimatic parameters.

G. M. Kozubov (1962, 1963) studied the intraspecific variation of Scots pine in Karelia and in the Kola penin-
sula. He identified several forms of Scots pine differing in the habit of the crown and the colour of the anthers. He
described the following variants: 1) the subspecies Pinus sylvestris ssp. lapponica Fr. with two varieties, var. prostra-
ta mihi and var. umbelifera mihi, which grow in the Kola peninsula and in northern Karelia; 2) pyramidal (f. pyrami-
dalis Bessn.) and cypress-like (f. cupressoides mihi) forms that mainly occur in the transition zone of Lapland pine and
typical pine; 3) bog (var. nana Pall.) and lithic (var. saxicola Hilitzer) varieties growing in both the Lapland pine and
typical pine zones; 4) red-anthered (f. erythranthera Sanio) and yellow-anthered (f. sulfuranthera) forms. The com-
mercial and selection value of the above forms and varieties was estimated.

The 1990s saw a rising interest in the population-genetic aspects of modern sylviculture in Karelia. A compre-
hensive study of the intraspecific variation of Scots pine was launched in order to throw light on the regional popula-
tion structure of the species and to provide a scientific basis for the conservation and improvement of its gene pool. In
the initial phase attention was focused on intraspecific variations in the morphological characters of the generative
organs of pines that depend on tree genotype rather than ecological factors. Thirteen natural Scots pine stands in
Karelia and in the Murmansk, Arkhangelsk and Vologda regions were studied. The individual level of diversity of the
morphological characters of cones and seeds (CV = 11.57-35.39%) was found to be higher than their corresponding
endogenic (CV = 7.14-31.48%) and ecological-geographic (CV = 6.88-25.61%) levels (Table 12).

Table 12
Intraspecific variation of cone and seed parameters of Scots pine
Characters Forms of variation (CV cp, %) Rec.urrence
Endogenic Individual Geographic coefficient (R cp)

Apophysis - 34.30 £ 0.49 14.34+2.03 -
Cone length 8.12+0.36 13.20 £ 0.23 7.86 +1.23 0.74+£0.016
Cone diameter 7.14+£0.25 11.57+0.16 6.88 £1.02 0.74+0.016
Cone mass 18.84 +0.54 33.31+0.28 25.61 £3.48 0.71 £0.016
Mass of 1000 seeds - 20.60 + 0.40 16.63 +2.71 -
Seed length 7.41+0.28 12.61 +£0.20 7.38+1.21 0.68+0.14
Seed yield 31.48 £0.67 35.39+0.38 16.89 +1.87 0.48 +£0.12

All the characters are highly heritable in a broad sense (R = 0.68-0.74) and display low to medium intercorre-
lation in populations. Obviously, the morphological characters of cones and seeds are highly determined genetically
and can be used in population studies.

Variations in the morphological characters of the generative organs of pines indicate that in Karelia pine is poor-
ly differentiated both ecologically and geographically. However, the Scots pine stands studied were found to differ in
the quantitative characters of the generative organs. These differences seem to be due to the nature and climate of the
region, and indicate that Pinus sylvestris is phenotypically and genetically heterogeneous in the study area.
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The population structure of Scots pine was studied in order to estimate the differentiation level of the species
in Karelia. It should be noted that the populations of most tree species, including Scots pine, are in spatial terms rather
poorly isolated and have indistinct boundaries. As it is difficult to analyse intraspecific differentiation by studying indi-
vidual characters an attempt was made to shed light on the population structure of pine and to compare all the char-
acters of the stands through the use of multivariate statistical models, such as calculation of Machalanobis’ generalised
distance (D2), as well as cluster, factor and discriminant analyses.

Experimental results have shown that in the area under study Scots pine is differentiated into six populations
differing in the morphological characters of cones and seeds (Fig. 35). Pine populations are clustered into two groups:
East Karelian and West Karelian. The genetic similarity of the populations analysed (D2 = 0.01-1.78) is noteworthy.
At the same time, the pine populations and groups of populations extend from north to south. Considering that Karelia
stretches over a long distance from north to south and that its nature and climate show an north-south gradient, this
distribution pattern of pine is hard to explain.

It is not easy to determine the population structure of Scots pine because Karelian pine forests were cleared on
a large scale in the past and the native structure of many forests have been substantially affected.

Clearly, slightly affected populations must be studied in more detail to provide a model for a close inquiry into
the intraspecific variation and population structure of Scots pine.

The genetic diversity of Scots pine in Karelia was assessed using isoenzymatic analysis (Yanbaev et al., 1998).
The authors studied five enzyme systems and revealed 36 allelic variants of 10 loci. The stands selected differed main-
ly in terms of the number of rare alleles. Analytical results showed that allele frequencies do not vary clinally from
north to south and that genetic variation generally exhibits a mosaic pattern. Assessment of genetic diversity at the
intrapopulation level led the authors to conclude that heterozygosity decreases from north to south due to a rising het-
erozygote deficit.

Analysis of the extent of subdivision and differentiation showed that about 97% of the genetic variation of
Scots pine occurs at the intrapopulation level. The authors calculated Nei’s genetic distance, DN (Nei, 1972) in order
to quantitatively assess the genetic differentiation of Scots pine in the region. Calculations showed that the stands are
similar (DN = 0.003—-0.028) and that the DN value does not strictly agree with the geographic distance between stands.
The authors found the northernmost Scots pine stands to be genetically isolated but the results of their electrophoret-
ic analysis of isoenzymes led them to agree with V. L. Semerikov et al. (1993), who argued that there was insufficient
evidence to justify the classification of a subspecies of Scots pine, Pinus sylvestris ssp. lapponica occurring north of
62° N (Pravdin, 1964). To sum up, the results of the morphological and isoenzymatic analyses of the intraspecific vari-
ation and differentiation of Scots pine in Karelia are not contradictory.

Norway spruce (including Picea obovata Ledeb., P. abies (L.) Karst. and the Finnish or hybrid spruce P. x fen-
nica (Rgl.) Kom). Spruce forests are most common in the taiga zone of European Russia whereas in Karelia they are
less prolific than pine stands and cover only 25.5% of the total forested area.

Thus, Karelian spruce forests display a highly irregular distribution pattern. They are concentrated in southern
and southeastern Karelia, where argillaceous, loamy and loamy sand soils prevail. The dominance of spruce forests is
also favoured by the milder climate in southern areas (Vilikainen, 1953). In northern Karelia most spruce stands are
concentrated in branches of the Maanselka Range and in the Karjalanranta region where they mix with pine and birch
to form thin north-taiga lichen-lithic and lichen-green moss forests.

Karelia is part of a large introgressive hybridisation zone of P. abies and P. obovata. The hybrid or Finnish
spruce P. X fennica dominates here. In northern and northeastern Karelia it is mixed with trees showing some charac-
ters of Siberian spruce while in southern and southwestern Karelia it is mixed with Norway spruce. This, together with
the important environment-forming role of spruce coupled with its commercial value (it is a major source of timber),
maintains the interest of scientists in the species.

V. 1. Bakshaeva (1959, 1962, 1963, and 1966) and M. A. Shcherbakova (1973, 1975) have studied the intraspe-
cific variation of spruce in Karelia. Forms of spruce were distinguished on the basis of the type of branching, bark
structure and the colour and shape of cones. The commercial and selection value of various forms and varieties was
estimated. The endogenic, individual and ecological-geographic forms of the intraspecific characters of the generative
organs of spruce were studied. Special attention was paid to the shape of the seed scales, a major diagnostic character
used to distinguish between Norway spruce, Siberian spruce and hybrid spruce. M. A. Shcherbakova (1973) used the
form structure of spruce stands, based on identification of forms differing in this character, in order to determine the
population structure of spruce in the region. The author distinguished three groups of populations: 1) those occurring
in northeastern Karelia, 2) those restricted to the Karjalanranta region and 3) those known in southern Karelia. They
differ in the percentages of forms distinguished by seed scale structure, size of cones and seeds, and the average num-
ber of scales in a cone.

In the early 1990s the development of new methods in forest genetics such as isoenzymatic analysis and multivari-
ate statistical models etc. provided an impetus for studies on the intraspecific variation of spruce in Karelia. As in the case
of Scots pine attention was focused on variations in the characters of the generative sphere. In order to study the intraspe-
cific phenotypic diversity of spruce, samples were collected at twenty localities in Karelia, in the adjacent Arkhangelsk,
Vologda and Leningrad regions (Fig. 36) and in all the seed-forest areas located in the spruce zone of interest.

Analytical results for the various forms of intraspecific variation in Finnish spruce are shown in Table 13.
As with Scots pine, the quantitative morphological characters of cones and seeds display higher individual levels of
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Figure 35. Scheme showing the distribution of Scots pine populations and groups of populations in Karelia and in the
Arkhangelsk, Vologda and Murmansk regions

Symbols: Gl — East Karelian group (1, 3, 10, 11, 12 — Central Karelian population; 2, 5, 6 and 9 — Karjalanranta population; 8 — Kenttijarvi

population); G2 — West Karelian group (4 — Muezersky population; 7 — Porajérvi population; 13 — Vytegra population); seed zones: 1 —

Kuolan; 2 — Karelian (subzones: 2a — North Karelian, 2b — Central Karelian); 4 — South Karelian; 5 — Verkhnaya Dvina (subzones: Sa —
South Arkhangelsk, 5b — North Vologda)
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Table 13
Intraspecific variation of cone and seed parameters of Finnish spruce
Characters Forms of variation (CV cp, %) Regurrence
Endogenic Individual Geographic coefficient (R cp)

Cone length 11,14+0,41 13,30+0,22 9,98+1,58 0,613+0,014
Cone diameter 6,71+0,25 9,64+0,16 5,974+0,95 0,530+0,014
Cone shape coefficient 7,48+0,27 11,30+0,19 6,54+1,03 0,596+0,015
Cone mass 23,93+0,88 28,19+0,47 23,1843.,67 0,601+0,014
Mass of 1000 seeds — 23,91+0,40 14,14+2,24 —
Length of winged seed 6,81+0,25 12,16+0,20 7,71+1,22 0,683+0,013
Scale width 5,37+0,20 9,86+0,17 5,29+0,84 0, 573+0,015
Scale length 6,89+0,25 15,33+0,26 9,75+1,54 0,558+0,015
Scale shape coefficient 6,16+0,23 15,67+0,26 6,99+1,11 0,564+0,015
Upper scale edge elongation
coefficient 6,79+0,25 23,12+0,39 11,19+1,77 0,677+0,013
Number of cotyledons — 11,58+0,20 4,48+0,71 —

diversity (CV = 9.64-28.19%) than the corresponding endogenic (CV = 5.37-23.93%) or ecological-geographic
(CV =5.29-23.18%) levels. They also displayed high heritability indices in a broad sense (R = 0.53—0.68) and low to
medium intercorrelation in populations, suggesting that these characters are inherited. Comparison of the intraspecif-
ic variation pattern of Finnish spruce with that of Scots pine shows that it is character-specific. The variation pattern
of Finnish spruce with regard to the ecological-geographic aspect indicates, on the one hand, that P. x fennica is phe-
notypically and genetically heterogeneous and, on the other, that it is poorly differentiated in the region.

Analysis of the population structure of Finnish spruce using multivariate statistical models led to the identifi-
cation in the study area of twelve populations differing in the quantitative morphological characters of cones and seeds
(Fig. 36). The spruce populations fell into six groups with respect to average character values and growth conditions.
It should be noted that the interpopulation differentiation of Finnish spruce clearly correlates with the agroclimatic
demarcation of Karelia. This correlation is especially noticeable for groups of populations. Consequently, the inter-
population differentiation of spruce, unlike that of Scots pine, shows a high degree of correlation with the north-south
gradient of nature and climate variations.

In order to assess the systematic status of Finnish spruce the structure of its populations needs to be analysed
on the basis of the differences in the types of seed scales between trees. Our analysis shows that the percentage of
European forms in the stands increases from north to south while that of hybrid forms decreases. Siberian spruce is
very scarce (8.2%) even in the northernmost Kestenga population. According to our results the systematic position of
spruce in Karelia is characterised as that of a hybrid spruce similar to Norway spruce.

The genetic diversity, extent of subdivision and differentiation of Finnish spruce in Karelia was studied using
isoenzymatic analysis (Potenko, Ilyinov and Goncharenko, 1993). Cone seeds were sampled in order to assess the phe-
notypic diversity of spruce. Electrophoretic analysis of isoenzymes showed that 15 gene-enzymatic systems in hybrid
spruce are coded by 25 loci involving 70 allelic variants. The gene pools of seven populations of P. x fennica (see Fig.
36) were described in terms of allele frequencies.

Comparative analysis showed populations of P. x fennica to be genetically more similar to those of P. abies than
to those of P. obovata. This evidence is in good agreement with available analytical data on the variation of Finnish spruce
based on the morphological characters of its generative organs. The intrapopulation genetic diversity indices estimated as
part of the study of allozymic variation were found to be slightly lower for hybrid spruce than for Norway spruce or
Siberian spruce but fairly high for the Picea genus in general and, indeed, in comparison with other conifers in general.

Analysis of the extent of subdivision of hybrid spruce in Karelia showed that the intrapopulation constituent
accounts for over 97% of total allozymic variation. Native Finnish spruce populations were found to be genetically
poorly differentiated (DN = 0.010). This supports evidence for the intraspecific diversity and differentiation of hybrid
spruce based on the quantitative characters of its generative organs.

The structural pattern of the Finnish spruce populations in the study area suggests that their formation is affect-
ed by several evolutionary factors. The main factors are: 1) the postglacial invasion of Siberian and Norway spruce
from different refugia; 2) the introgressive hybridization of the above species; 3) natural selection which helped pop-
ulations of species adapt to deglaciated land surfaces and 4) gene migration which diminished interpopulation differ-
entiation.

Ways of conserving and improving the gene pools of Scots pine and Finnish spruce. The threat of the gene
pool reduction and impoverishment of major forest-forming species implies that steps should be taken to maintain their
genetic potential. Hence, our urgent goal is to delineate and protect the valuable gene pool so that these tree species
are able to evolve and retain their commercial and environmental value.

Forest gene resources are usually conserved in two ways: in situ (naturally) and ex situ (artificially). The con-
servation of a gene pool ex situ (botanical gardens, experimental cultures, seed plantations, clonal archives, tissue cul-
tures etc.) involves certain problems such as the permanent maintenance of experimental plots and unfavourable genet-
ic changes in experimental material, etc.
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Figure 36. Scheme showing the distribution of P. X fennica populations and groups of populations in Karelia and in the
Arkhangelsk, Vologda and Leningrad regions

Symbols: Gl — Kestenga group (1 — *Kestenga population); G2 — North Karelian group (2, 3 — *Uhtua population; 4, 6 — Muezerskiy population);
G3 — Central Karelian group (5, 7, 9 — central Karelian population; 11 — *Plesetsk population; 8, 13 — *Lentiera population); G4 — Prionezhye
group (10, 12, 17 — *Zaonezhye population; 16 — Petrozavodsk population; 18 — Verkhnie Vazhiny population); G5 — South-West Karelian group
(14, 15 — *Loimola population; 19 — *Vytegra population); G5 — Podporozhye group (20 — Podporozhye population ); * — isoenzymatic analysis
was performed; agroclimatic zones: I — Maanselka-Karjalanranta province (Ia — Maanselka, Ib — Karelian Coast); I — Northern Lake zones; 111 —
Central zones; IV — Southern zones (IVa — Southern Lake zones, IVb — Priozerny zones); for the symbols of seed zones, see Figure 35
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In most cases these problems may be fully or partially resolved through the conservation of species in their
native environments in national parks, strict nature reserves, botanical and forest reserves and valuable undisturbed
zones. Unfortunately, some protected areas fail to fully represent the gene pool. Moreover, the restrictions imposed on
human activities in strict reserves, nature reserves and national parks contradict the steps required for maintaining the
gene pool. The best type of protected areas, i.e. that which meets all conservation and regeneration requirements, is
the genetic reserve. This differs from other types in terms of the location, size and nature of routine activities that
reflect the population structure and other characteristics of protected species.

Genetic reserves were first selected in Karelia in 1988 by the Laboratory of Cytology, Genetics and Selection
of Tree Species, Forest Research Institute, KRC, RAS. As available evidence for the genotypic and spatial population
structure of major forest-forming species was clearly insufficient, genetic reserves were delineated on the basis of the
prevailing seed types encountered. During 1988—1989 four genetic spruce reserves and four pine reserves covering 2.8
and 2.1 thousand hectares respectively were selected in the South Karelian seed zones. During 1990-1994 a further
eight Scots pine reserves (3.35 thousand hectares) and three Norway spruce reserves (1.26 thousand hectares) were
proposed in the Karelian and South Karelian seed zones.

Intense long-term deforestation has substantially reduced the area of primeval forests in Karelia. Especially in
the North Karelian seed subzone few stands meet all genetic reserve requirements.

One way to selectively improve forest gene resources is to produce experimental cultures. Efforts have been
made in Karelia since 1975 to form permanent seed forest reserves based on genetic selection (Table 14). In the early
stages, plus-trees and stands were selected (Yermakov, 1967). Seed plantations are the most valuable part of a seed
reserve. They represent the vegetative and seed progeny of almost all plus-trees selected in Karelia.

Table 14
Pine and spruce seed reserves in Karelia
(based on data presented by Goscomles Karelia as of 1.01.1999)
Species
Type of reserves Total Scots pine Finnish spruce

Plus-trees 2042.0 1407.0 491.0
Plus stands, ha 571.2 387.1 180.0
Seed plantations, ha 500.9 399.3 59.0
Seed plots, ha 10.0 - 10.0

Plus-trees for first generation plantations were selected with regard to phenotype alone. To evaluate them genet-
ically by their progeny experimental cultures were sown over an area of about 42 hectares. The growth of the progeny
of plus pine-trees was studied and the results obtained showed that 39% of semi-sib families grew faster than trees in
the control group (Mordas, Rayevsky and Akimova, 1998). The selection effect varied from 5.3 to 22.1% and rose to
39.5% in one case. The average selection effect produced by first-order plantations was 6% for local populations. In
controlled hybridization experiments heterosis was observed in one variant of polycrossing. The growth rate of hybrids
was 66.9% of that of the control group. Experimental results confirmed the potential value of selecting and growing plus
pine-trees with a view to producing hereditarily improved seeds and to preserve a valuable gene pool ex sifu.

Selection and reforestation can be carried out intensely using local stock and seeds from other regions. Of great
practical value in this connection are the results of experiments on geographic cultures. During 1977-1978 geograph-
ic cultures of Scots pine and Norway spruce were sown in Karelia under a programme for the formation of a Soviet-
Union geographic culture network.

The growth and survival of the Scots pine cultures (45 provenances) planted in the South Karelian seed zone
in the mid-taiga subzone (Medvezhegorsk forestry farm, Kumsa forest estate), were analysed. The latitude of seed
provenance showed a close positive correlation (r = 0.92) with the survival of variants while height growth rates
showed a negative correlation (r = — 0.67) with latitude. Selection should be based on local populations of Scots pine
that combine optimum growth rate and resistance to unfavourable environmental factors.

The study of the growth and survival of the Norway spruce cultures planted in the South Svyatozero forest
estate at the Pryazha forestry farm (South Karelian seed zone) revealed a different pattern. Norway spruce provenances
from western Russia and those from the Baltic region proved to be the fastest growing and most intact. The growth
rate of the variants displayed a clearly negative correlation (r = — 0.68) with the longitude of seed provenance. It
appears that as the characters of Siberian spruce become more apparent on moving eastwards the growth rates of the
provenances slows down. Karelian provenances were found to be similar to Norway spruce. This result agrees with
available data on the intraspecific variation and population structure of Finnish spruce. This evidence supports
E. G. Bobrov’s hypothesis (Bobrov, 1978) concerning the replacement of Siberian spruce by Norway spruce at least
in this part of the introgressive hybridization zone.

Conclusion. In order to assess possible changes in intraspecific diversity parameters caused by the impact of
human activities on natural complexes, the genetic and phenotypic structures of untouched climax cenopopulations of
Scots pine and Finnish spruce should be studied thoroughly. To study and improve the genetic potential of pine and
spruce in Karelia by selection it is necessary: 1) to examine the phenotypic and genetic structures of intact Finnish
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spruce and Scots pine populations in the primeval coniferous forests that have survived in some parts of Karelia; 2) to
thoroughly analyse the intraspecific variation of pine and spruce including hierarchic structure (the contribution of
each form of variability to the total variance of characters); 3) to seed experimental population cultures in various envi-
ronments with a view to studying the progenies of populations; and 4) to continue the selection of genetic reserves and
to launch genetic monitoring there.

3.1.3. Understanding Karelia’s floristic zones: current state and prospects

Introduction. To date a number of biogeographical zonation including geobotanic schemes (Tsinzerling,
1932; Geobotanic...,1989; Yurkovskaya, 1993) have been proposed for Karelia by various authors. Attempts to
demarcate Karelia on the basis of forest type (Yakovlev & Voronova, 1959) and forest vegetation (Fedorets et al.,
2000) have been made as a part of a geobotanic zonation. Grassland (Ramenskaya, 1958) and mire (Yelina et al.,
1984) provinces have also been delineated and a map of the geographic landscapes of Karelia has been drawn.
Using this map as a basis other zonation projects have been launched and are presently in progress (Gromtsev &
Kolomytsev, 1998; Gromtsev, 2000).

In the late 19th century the Finnish botanist J. Norrlin performed a biogeographical zonation of East
Fennoscandia (see, e.g. Mela & Cajander, 1906). The scheme he produced has been widely used by Scandinavian nat-
uralists in floristic research (Red Data Book..., 1998; Retkeilykasvio, 1998; Flora Nordica, 2000 et al.). It should be
noted that his biogeographic provinces are still used in Finnish botanic literature when referring to samples collected
in the Russian part of East Fennoscandia.

The floristic zonation of Karelia developed more recently by Ramenskaya (1960) agreed largely with that of
the Scandinavian biogeographic provinces except for the addition of two new provinces, Belomorian (White Sea) and
Shoksha. Later, however, M.L. Ramenskaya (1983) accepted the Scandinavian scheme in full, removed the
Belomorian province demarcation and reduced the rank of the Shoksha and Northwestern mountain (Karelian portion
of the Kuusamo province) provinces to subprovinces (Sheltozero and Southwestern) in the Olonets and Imandra
provinces, respectively. For sake of convenience all provinces were given Russian names. M.L. Ramenskaya also
briefly characterised the provinces and described their floristic and vegetative patterns. She emphasised, however, that
the provinces were large, their boundaries tentative and the zonation scheme therefore notional because «the region is
too poorly understood floristically to allow the distinguishing of provinces solely or generally on the basis of floristic
characteristics» (Ramenskaya, 1983: p.193).

Accepting the existing floristic zonation scheme as a working tool and considering that the floristic provinces
proposed by M.L. Ramenskaya for Karelia are almost complete counterparts to the Scandinavian biogeographic
provinces, we follow Scandinavian traditions in delineating and naming floristic provinces and use for the sake of con-
venience the following Latin names and abbreviations: KI — Karelia ladogensis — Priladozhsky district; Kol — Karelia
olonetsensis — Olonets district; Kb — Karelia borealis — Suojérvi district; Kon — Karelia onegensis — Zaonezhsky
district; Kton — Karelia transonegensis — Vodlozero district; Kpoc — Karelia pomorica occidentalis — Kem district;
Kpor — Karelia pomorica orientalis — Vygozero district; Ks — Regio Kuusamoénsis — Imandra district (Southwestern
subprovince); Kk — Karelia keretina — Topozero district.

It should be noted that the term ‘biogeographic province’ corresponds to that of floristic district while at the
level of planetary zonation a province corresponds to a high-ranking phytochorion and covers a very large area. For
instance, the North European province, which together with Karelia forms part of the Boreal zone of the Holarctic,
extends from Norway to the Timan Range and the Upper Kama Upland (Takhtadjan, 1978).

The Pudozh floristic district as delineated by M.L. Ramenskaya (1960, 1983) is not accepted within the
Scandinavian scheme as most scientists consider it to be outside Fennoscandia. More recently it was given the name
Karelia pudogensis and the abbreviation Kp (Kravchenko & Kuznetsov, 1995). The eastern and southern parts of Kp
are in the neighbouring Arkhangelsk and Vologda Oblasts; it seems to be combined with the Vytegra-Andoma floris-
tic district of the Vologda Oblast (Orlova, 1993) as part of the Sukhona floristic unit recognised by V.A. Bubyreva
(1992) in the Sukhona subprovince (Kravchenko & Kuznetsov, 2001).

Methods. The comparative floristic principle is more applicable than geographic, hierarchic or florogenetic
principles as well as the criterion of endemism as generalised and formulated by A. I. Tolmachev (1974) for distin-
guishing low-ranking phytochoria (floristic provinces and districts). Floristic zonation based on quantitative charac-
ters has been used successfully over the past few decades for comparing floristic lists as well as taxonomic and typo-
logical spectra in various nature zones (Baranova et al., 1971; Malyshev, 1973; Zolotukhin, 1987; Abramov, 1994;
Naumenko, 1998 et al.). Relevant mathematical methods have been developed (Schmidt, 1980, 1984, 1987; Yurtsev
& Semkin, 1980; Malyshev, 1987; Malyshev et al., 1998; Semkin, 1987 et al.).

We believe that available data concerning the distribution of vascular plants in Karelia is sufficiently complete
for a comparative floristic analysis of the biogeographic provinces (floristic districts). In our work we used lists of vas-
cular plants from the Karelian provinces (Kravchenko et al., 2000) from which we excluded spontaneous hybrids, alien
plants (except archeophytes) and escapes. Thus, we only analysed aboriginal plants and archeophytes. In order to
improve comparison we interpreted species in the broad sense. Thus, microspecies of the genera Dactylorhiza,
Polygonum, Ranunculus, Taraxacum etc. were not analysed separately and species of the genera Hieracium and
Pilosella were considered on a sectional level (Shlyakov, 1989 a, b).
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In order to comparatively assess the floristic provinces of Karelia the most significant taxonomic (spectra of
leading families, species composition) and typological (structure of geographic elements) indices of their flora were
determined.

Taxonomic structure of the provinces: comparative analysis. Taxonomic structure is analysed in order to
assess original floristic patterns and so provide a basis for the demarcation of floristic districts (in spite of the fact that
the spectra of leading families reflect the oldest environments in which flora evolved), and also to primarily characterise
phytochoria of higher rank than floristic districts, i.e. floristic provinces and higher (Malyshev, 1987.). The spectra of
leading families ranked according to the number of species (Table 15) were compared. Our analysis shows that the top
portions of these spectra (the first ten families) for the different provinces together include fifteen families: Cyperaceae,
Poaceae, Asteraceae, Rosaceae, Caryophyllaceae, Ranunculaceae, Scrophulariaceae, Orchidaceae, Polygonaceae,
Salicaceae, Juncaceae, Brassicaceae, Ericaceae, Fabaceae and Apiaceae. The first five mentioned are invariable in the
‘top ten” while the first four occur in the above order in all provinces except for Ko/, Kp and Kpor where the family
Poaceae heads the list. Since these three provinces partly lie outside Karelia we considered them only in part although
their special position at the eastern and southern boundaries is also taken into account. The same is also true for Kton
where the first two families listed are represented by about the same number of species. V.A. Bubyreva (1992) draws
the boundaries of floristic provinces to coincide with the areal distribution boundaries of key plant species.

This together with the presence of coastal species seems to explain some of the other characteristics of the spec-
trum of leading families in the Kpor province such as the absence of the families Orchidaceae, Scrophulariaceae,
Polygonaceae from the top ten and the relatively high rank of the families Ericaceae and Apiaceae. It should be noted
that the family Orchidaceae is also absent from the list of leading northern species (Ramenskaya, 1983) and that the
spectrum is headed by the family Poaceae.

The family Ranunculaceae occupies fifth or sixth position in the spectra of all provinces with the exception of
Kb where it drops to eleventh position. The family Brassicaceae is in the top ten only in Kon and K/ (tenth in the list)
and in eleventh position in Ko/l. The family Juncaceae lies in the top part of the family spectrum in all the provinces
of the north-taiga subzone (eleventh position in Ks) and in Kb. According to A. I. Tolmachev (1974) Juncaceae is
characteristic of the Arctic floristic province since the genera Juncus and Luzula are dominated by tundra and arc-
talpine species. The family Salicaceae ranks highly in all provinces except for KI, Kon and Kk where it occupies
between eleventh and thirteenth positions in the list.

In the north-taiga subzone the more thermophilic families Apiaceae and Fabaceae lie in the top ten in only two
provinces. The family Apiaceae is in the top portion of the spectrum only in Kpor presumably because this province
is otherwise floristically poor. Thus, the number of species in the family Apiaceae (12) in Kpor is the same as in the
neighbouring provinces of Kton, Kpoc and Kon. The family Fabaceae holds tenth position in the family spectrum of
Kk, the northernmost province (chiefly by virtue of the high number of species of the genera Astragalus and Lathyrus)
while in all other provinces it ranks between eleventh and thirteenth.

This group of leading families is generally typical of the Boreal floristic province (Tolmachev, 1974). With the
exception of Polygonaceae, Apiaceae and Ericaceae the same families top the family spectra in the Karelian-
Murmansk region, in Finland, in the Northern territory and in the Leningrad Oblast (Ramenskaya, 1983). The pro-
portion of species belonging to the ten leading families in each floristic province varies from 53% to 57% and increas-
es towards the north. This feature is also typical of boreal flora in general (Tolmachev, 1974).

Comparison of family species spectra using the ¥2 method (Plokhinsky, 1970) has shown that differences
between many pairs of provinces are not significant (Table 15). According to this method only the Kpor province pos-
sesses a unique spectrum.

Comparison of the spectra of leading families using Gamm’s rank correlation coefficient! shows that most
provinces are associated on a fairly high level (coefficient values 0.92-0.96). Kpoc shows a high correlation coeffi-
cient with Kk (0.96) and also with Kol, Kon and KI (0.95 each). Links to the main massif are much weaker in Kpor
(0.79), Ks and Kb (0.86 each). The family spectra of the Kpor and Kb provinces have already been discussed earlier
in the chapter. As regards the province Ks, the main characteristics of the spectra of its leading families are the high
positions of the families Orchidaceae (fifth) and Salicaceae (seventh) as well as the presence of the family Ericaceae
in the top portion of the spectra (tenth position) and the absence of the family Polygonaceae (fourteenth position). It
has been noted earlier that all these provinces are partly outside Karelia. This applies equally to Kol, Kton and Kp, but
their rank correlation coefficient is less markedly affected.

Comparison of the species composition of flora is important when low-ranking phytochoria such as floristic
districts and provinces are to be distinguished (Malyshev, 1973; Schmidt, 1980). The results of our comparison of
floristic lists are shown dendrogrammatically in Fig. 37.

Clustering by the complete linkage method and graphic representation2 clearly show the isolation of provinces
in the north and mid-taiga subzones. The mid-taiga provinces are interconnected more closely than north-taiga
provinces. The closest degrees of correspondence are observed between Kon, Kol and KI.

Geographic structure of the provinces: comparative analysis. To analyse and compare the geographic struc-
ture of provincial flora species were grouped according to area (including longitudinal and latitudinal characteristics)

1 Gamm’s method is employed in the computer program STATISTICA 4.5 for Windows and is recommended for use with bound ranks.
2 Used in the computer program STATISTICA 4.5 for Windows.
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Table 15
Taxonomic (family-species) spectra of flora in the biogeographic provinces of Karelia
Kl Kol Kp Kb Kon Kton Kpoc Kpor Ks Kk
Num- | Posi- [Num-| Posi- [Num-| Posi- |Num-| Posi- [Num-| Posi- |Num-| Posi- |Num-| Posi- |Num- | Posi- [Num-| Posi- |Num+ Posi-
Family ber | tion | ber | tion | ber | tion |ber- | tion |ber- | tion |ber- | tion | ber - | tion |ber - | tion | ber | tion | ber | tion
of | of | of | of | of | of of | of | of | of | of | of | of | of | of | of | of | of | of | of
spe- | fa- |spe-| fa- |spe-| fa- | spe-| fa- |spe-| fa- | spe-| fa- |spe-| fa- | spe- | fa- | spe-| fa- |spe-| fa-
cies | mily | cies | mily | cies | mily | cies | mily | cies | mily | cies | mily | cies | mily | cies | mily | cies | mily | cies | mily
Cyperaceae 68 1 59| 2 43 2 48 1 69 1 50 1 71 1 50 2 62 1 65 | 1
Poaceae 60 2 | 62 1 | 48 1 43 2 60 2 49 2 63 2 52 1 46 2 |64 2
Asteraceae 42 3 |43 3 38 3 33 3 44 3 41 3 35 3 26 3 30 3 |36 3
Rosaceae 37 4 |32 ] 4 |27 4 25 4 35 4 30 4 34 | 4 | 22 4 27 4 |32 4
Caryophyllaceae| 31 S [24] 7 |20 6 15 | 6-7 | 27 | 7-8 | 22 6 26 5 20 5 19 6 |25] 5
Ranunculaceae | 30 6 [29] 5 22 5 10 |11-12{ 29 | 5-6 | 28 5 20 7 17 6 14 9 | 18] 6
Scrophulariaceae | 28 7 126 6 18 7 17 5 29 | 5-6 | 19 8 19 8 10 | 11 | 15 8 [ 1779
Orchidaceae 22 |89 |21 | 8 16 8 15 | 6-7 | 27 | 7-8 | 20 7 21 6 6 [17-18] 20 5 [ 17179
Polygonaceae 22 18920 9 15 | 9-10 | I [9-10] 19 9 15 9 16 [10-11] 9 |12-13] 8 [14-16| 15 |10-11
Brassicaceae 17 10 | 15 |11-12] 8 17 7 |16-17| 17 10 13 11 15 12-13] 7 [15-16] 10 [12-13] 11 | 15
Fabaceae 16 | 11 | 15 |11-12) 12 | 11 8 [14-15| 15 | 12 | 12 [12-13] 15 [12-13] 9 |12-13] 10 |[12-13] 15 ]10-11
Juncaceae 14 [12-13] 12 | 13 | 9 [15-16] 12 8 12 |15-17| 10 [14-15] 17 9 12 [ 78| 12 | 11 |17 | 7-9
Salicaceae 14 [12-13] 18 | 10 | 15 | 9-10 | 11 [9-10] 16 | 11 | 14 | 10 | 16 |10-11] 11 |9-10| 18 7 [ 14]12
Apiaceae 11 | 16 | 11 [14-16] 10 [12-14] 8 |14-15] 12 [15-17] 12 [12-13]| 12 |14-15] 12 | 7-8 | 5 |19-20] 12 | 14
Ericaceae 10 [17-18| 10 [17-18] 10 [12-14] 10 |11-12| 10 | 18 | 10 [14-15] 12 |14-15] 11 |9-10| 13 | 10 | 13 | 13
Total number of
species analysed | 674 623 487 427 674 529 597 422 475 563
In 10 leading fa-
milies (number/%)| 357 |52.9 (334 53.6 262 | 53.7 | 230 | 53.8 | 356 | 52.8 | 288 | 54.4 | 338 | 56.6 | 233 | 55.2 | 264 | 55.6 |321|57.0
Degree of simila-
rity of provinces a* ab c cd a ac bc e d bced

* The same letters are used to indicate provinces which do not differ from each other according to the > method; positions of families
listed in the top ten are shaded.
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using the biogeographic coordinate system (Yurtsev, 1968). Altogether 28 types of distribution areas (geographic ele-
ments; Table 16) were distinguished.

The significance of differences between geographic structures was corroborated by the 2 method only for the
Ks and Kpor provinces (Table 16).

Table 16
Geographic structure of flora in the provinces of Karelia (number of species)
. Biogeographic provinces (floristic districts)

Geographic clement Kl Kol Kp Kb Kon Kton Kpoc Kpor Ks Kk
A-amph 0 0 0 0 0 0 0 0 1 0
A-Eur 1 1 0 0 1 0 6 5 1 5
A-Euras 2 1 0 0 2 1 3 2 6 2
A-circ 5 6 1 1 7 2 14 8 7 16
AA-amph 4 1 1 1 2 1 3 2 6 5
AA-Eur 2 1 0 1 1 1 3 0 5 2
AA-Euras 2 2 0 2 3 2 7 2 7 6
AA-circ 6 7 1 2 8 5 15 6 24 21
AB-amph 3 2 1 2 4 2 6 4 4 6
AB-Eur 8 3 3 3 8 4 15 10 9 23
AB-Euras 9 11 9 8 12 10 17 11 18 18
AB-circ 28 24 19 19 31 21 39 29 40 42
End 0 0 0 1 0 1 5 2 4 5
Northern fraction 70 59 35 40 79 50 133 81 132 151
B-amph 9 7 7 7 8 6 8 6 5 8
B-Eur 45 38 27 28 43 29 33 20 23 28
B-Euras 184 186 163 145 196 179 162 125 137 146
B-circ 130 133 106 101 134 116 117 96 101 112
Boreal fraction 368 364 303 281 381 330 320 247 266 294
BN-amph 3 3 2 3 3 2 3 2 1 2
BN-Eur 18 7 6 4 11 7 5 2 2 2
BN-Euras 39 33 27 21 37 22 20 14 13 17
BN-circ 7 7 7 5 9 6 5 6 4 5
N-Eur 19 13 8 3 11 9 0 1 1 1
N-Euras 27 24 20 5 21 20 7 1 5 8
N-circ 1 1 0 0 1 1 1 1 0 0
Southern fraction 114 88 70 41 93 67 41 27 26 35
P-amph 1 1 0 0 0 0 0 0 0 0
P-Eur 14 8 5 5 8 6 8 6 2 6
P-Euras 54 51 37 30 53 38 39 26 19 26
P-circ 47 47 34 27 48 34 42 35 26 41
Plurizonal fraction 116 107 76 62 109 78 89 67 47 73
Similarity a* b c d ab bed e f g e

* The same letters are used for provinces that do not differ according the x* method.

N.B. Geographic elements are composed of latitudinal and longitudinal geographic coordinates separated by a dash.
Latitudinal characteristics: A = Arctic, AA = Arctalpine, AB = Arctoboreal, B = boreal, BN = boreonemoral, N = nemoral, P =
plurizonal; Longitudinal characteristics: amph = amphi-Atlantic, Eur = European, Euras = Eurasian, circ = circumpolar. End =
endemics in East Fennoscandia.

The combination of correlations of latitudinal geographic elements into northern, southern, boreal and pluri-
zonal fractions are shown diagrammatically on a sketch map (Fig. 38). North-south variations in correlations are most
noticeable for fractions of southern and northern elements and less apparent for the boreal fraction. The proportion of
plurizonal elements is relatively stable.

The dendrite of correspondence between the geographic structures of the provinces according to the single link-
age method employing Gamm’s rank correlation coefficient (Fig. 39) displays the same relations between the
provinces as the dendrogram (comparison of species composition). Two clusters that combine mid and north-taiga
provinces are distinguished; as the degree of correlation increases Ks and Kpor are the first to be distinguished. The
provinces of the mid-taiga subzone correspond far more closely with the geographic structures of Kon and Kton being
practically identical (0.99).

Comparative analysis of the species composition and geographic structure of provincial flora has clarified some
important points.

Firstly, the existence of a distinct floristic boundary overlapping the geobotanic boundary between the mid and
north-taiga subzones was collaborated.
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Fig. 38. Ratio of the latitudinal fractions of geographic elements in provincial floras
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Fig. 39. Dendrite showing degree of correspondence between the geographic structures of provincial flora

Secondly, differences between three southern provinces, K/, Kol and Kon proved to be very small. As each
province has a native pattern of its own it is desirable to redraw the boundaries between them. For example, the K/-
Kol boundary should be corrected as it was previously drawn along the administrative border in place at that time
between the Olonets province and the Great Principality of Finland rather than along natural boundaries. Furthermore,
the native pattern of the eastern part of Kol province shows a much greater correspondence to Kon, thus allowing it to
be distinguished either as an independent floristic province (Ramenskaya, 1960) or as a subprovince of Kol
(Ramenskaya, 1983). At the same time, the correspondence between the geographically separated provinces K/ and
Kon is not surprising as they have much in common, e.g. their locations on the shores of Europe’s two largest lakes,
the extensive occurrence of compositionally diverse bedrock exposures bearing a variety of relict species from both
the climatic pessimum and the Holocene optimum, and the history of human colonisation (i.e. the composition of
archeophytes).

Thirdly, no differences in the systematic and geographic structures of Kk and Kpoc, two of the largest provinces
in the north-taiga subzone of Karelia, have been found. This does not imply that this vast territory which covers almost
a half of Karelia is floristically homogeneous. On the contrary, each of these provinces incorporates at least two het-
erogeneous floristic units that can be distinguished as independent provinces.

Obviously, the western portion of Kpoc which lies in the branches of the Maanselka Range — West Karelian
Upland may be distinguished within the Kpoc province, as too may be the eastern (Pribelomorian) section.

Conclusion. Zonation is usually the final goal of a floristic study. Before demarcating a territory it should be
thoroughly studied floristically. It would be misleading to claim that the flora of Karelia has been exhaustively
described and assessed. Many areas, especially those in northern, northeastern, eastern and central Karelia, are still
poorly studied. However, a large-scale field study has been carried out actively over the past decade and we are hope-
ful that a comprehensive floristic zonation will be attempted in the near future. As detailed floristic evidence is already
available for some localities (local flora complexes) comparative floristic methods may be employed together with
mathematical tools to study the spatial differentiation of Karelian flora.

Experience in the comparative study of local flora in West and Middle Karelia (Gnatiuk et al., 1999; Gnatiuk
& Kryshen, 2001) has shown this line of research to be promising.

It is essential that the distribution of differential and other species be analysed and that the boundaries of their
distribution areas be compared and the zones in which they concentrate identified. This is the essence of the choro-
logical principle of floristic zonation (Bubyreva, 1993). According to V.A. Bubyreva (1993) the comparative-floristic
principle is used to describe and delineate provinces. L.A. Takhtadjan (1978) believed that maps showing the distri-
bution areas of all species provide a perfect basis for zonation. Only preliminary steps have been taken in this field in
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Karelia, i.e. spot maps have been drawn showing the distribution of certain rare and protected species
(Kravchenko & Kuznetsov, 1995; Kravchenko et al., 2000) and those of 576 vascular plant species for Middle
Karelia (Gnatiuk, 1999).

During the final phase of zonation the new scheme should be compared with the existing zonation of adjacent
regions while local districts should be included into a general regional scheme of phytochoria.

3.2. Mosses in protected areas

Introduction. Karelia has a highly diverse bryoflora and is situated in Fennoscandia which has altogether some
900 moss species. This large number of mosses is a result of the wide variety of biotopes present, especially of the
rupicolous type. Pioneer studies of Karelian mosses were conducted in the mid-19th century by Russian naturalists
who reported 76 species (Experience ..., 1838 et al.). Finnish and Swedish scientists were also active in the study of
Karelian bryoflora. The results of their work were summarised by J. Bomansson & V. Brotherus (1894), V. Brotherus
(1923) and C. Jensen (1939). A paper by J. Bomansson and V. Brotherus (1894) summarising the results of late 19th
century bryological research lists 326 moss species for Karelia.

The work by V. Brotherus (1923) and C. Jensen (1939) was followed by the study of bryoflora, mainly in western
Karelia, by various Finnish botanists (Kotilainen, 1929, 1944; Tuomikoski, 1935 a, b, 1939, 1940; Auer, 1942; Huuskonen,
1953; Halonen & Ulvinen, 1996 et al.). Finnish bryologists revised various herbaria and so helped towards a better under-
standing of Karelian bryoflora (Koponen, 1967, 1968; Ulvinen, 1969; Hinneri, 1976; Wahlberg, 1998 et al.).

The early 20th century saw a growing interest in geobotanical research and this led to new collections of the
bryological material being stored in the Herbarium of the V. L. Komarov Botanical Institute, RAS (LE). In all, a great
deal of attention has been paid by mire scientists (Yurkovskaya, 1967; Maksimov, 1988 et al.) to the moss cover of
Karelia. The moss species composition of grassland phytocenoses and moss cover-grass cover relationships were dis-
cussed by V.A. Zaikova (1958, 1966). During 1968—1981 Karelian mosses were studied by L.A. Volkova (Volkova,
1972, 1977, 1978, 1979, 1981a et al.) who summarised her results and other available data in “Hand book of mosses
of Karelia” published as late as 1998 (Abramov & Volkova, 1998). Listed in this valuable guide are both species
already known in the region and those mosses that are likely to be found. However, the occurrence and distribution of
species are not covered by the authors.

Further impetus for the bryofloristic study of the region was provided by L.A. Volkova and A.I. Maksimov
(1993) who summarised all available data on Karelian mosses, drew up a systematic list of 415 (moss species and
described the distribution of these species over the 12 floristic provinces distinguished by M. L. Ramenskaya (1960;
see Fig. 40). The list is a useful guide in comparative floristic studies.

Data on rare Karelian bryophytes are summed up in the Red Data Book of Karelia (1995) (hereinafter referred
to as RDBK) and in the Red Data Book of East Fennoscandia (1998) (RDBEF). An annotated list of rare mosses was
published by A.I. Maksimov (2000).

We have been studying moss flora since 1997 in a number of areas to be protected as part of the so-called Green
Belt of Fennoscandia as well as elsewhere in Karelia. Based on the results of this and earlier studies, lists of mosses
have been published for most of the protected areas in Karelia, i.e. the Kivach Strict Reserve (Maksimov et al., 1995),
the Kostomuksha Strict Reserve (Boichuk, 2001), Paanajarvi National Park (Maksimov, 1995), the proposed Kalevala
(Boichuk, 1998), Ladoga Skerries (Maksimov & Maksimova, 2000), Koitajoki (Maksimov et al., 1998 a) and Tuulos
national parks (Maksimov et al., 1998 b), various mires in the Koivu-Lambasuo Reserve (Maksimov et al., 1997), as
well as the Tolvajéarvi (Maksimov et al., 1998 a, b), Keret and Shuiostrovsky reserves (Maksimov & Maksimova,
1999). Until the present the above areas, with the exception of the Kivach Strict Reserve, the Ladoga Skerries Park
and the Paanajirvi Park, had not been the subject of significant bryofloristic study. Some data on the mire bryoflora
of the proposed Tuulos and Koitajoki national parks is available in various geobotanical publications (Kuznetsov &
Maksimov, 1995; Shevelin & Tokarev, 1995). All the moss flora studied in protected areas may be considered to be
local bryoflora complexes. A collection of about 4000 bryophyte samples is kept in the Herbarium of the Institute of
Biology, Karelian Research Centre, RAS.

The goal of our project has been to summarise all available data on existing and proposed protected areas in
Karelia, to reassess data on the species composition of mosses in floristic provinces first presented by L.A.Volkova
and A.I. Maksimov (1993), and to extend the list of Karelian mosses. The results obtained are discussed for all the
provinces as defined by M.L. Ramenskaya (1960: see Fig. 40).

Results. Paanajirvi National Park is located in the Northwestern floristic province (I, Fig. 40) which forms
the eastern part of the Kuusamo biogeographic province as defined by Scandinavian naturalists (Mela & Cajander,
1906). Pioneer studies of mosses were carried out in this area by Finnish botanists as early as the 19th century and their
results were summarised by the well-known bryologists V. Brotherus (1923) and R. Tuomikoski (1939). Over the past
few years Russian (Maksimov, 1995) and Finnish (Halonen & Ulvinen, 1996) scientists have drawn up lists of moss-
es. The annotated list presented for the park by A.I. Maksimov (1995) consists of 275 species (from here onwards, the
nomenclature of mosses follows that established by M.S. Ignatov and O.M. Afonina, 1992) and contains eight species
additional to the list made up by L.A. Volkova and A.l. Maksimov (1993) for floristic province 1. More recently,
P. Halonen & T. Ulvinen (1996) added a further 14 species and one subspecies (Table 17). Bryum rutilans,
Drepanocladus tenuinervis, Gymnostomum boreale and Pohlia andalusica are species not reported earlier from any
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Fig. 40. Map of the floristic and biogeographic provinces of Kérelia and the geographic
position of study areas

1 = numbers of floristic provinces (after Ramenskaya, 1960); 2 = abbreviations used for the biogeo-
graphic provinces Mela & Cajander (1906); 3 = boundaries of the floristic provinces; 4 = boundaries of
the biogeographic provinces; 5 = strictly protected areas studied and local bryofloras.

Floristic provinces: I = Northwestern montane province; II = Topozero-Keretozero province; III =
Kuitozero-Leksozero province; IV = White Sea province; V = Vygozero province; VI = Zaonezhye
province; VIII = Volozero-Vodlozero province; IX = Vodla province; X = Shoksha province; XI =

Mezhozerye province; XII = Priladozhye province.

Biogeographic provinces: Ks = Kuusamo, Kk = Karelia keretina, Kpoc = Karelia pomorica occidental-
is, Kpor = Karelia pomorica orientalis, Kb = Karelia borealis, Kon = Karelia onegensis, Kton = Karelia

transonegensis, Kol = Karelia olonetsensis, Kl = Karelia ladogensis
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part of Karelia. Analysis of the herbarium collected by A.l.Maksimov during the period 1988—1997 revealed nine
species and one variety not previously found in the park (Table 17). These additions bring the known population of
moss species in the park to 298. As almost all bryofloristic studies of the Northwestern floristic province have been
conducted in the area of the park the species composition of the mosses known for this province is based on the above
data (Table 18).

Characteristic of the park is the occurrence of certain southern species not found at the same latitude in adja-
cent regions. These include Anomodon viticulosus, A. longifolius, Brachythecium velutinum, Orthodicranum fla-
gellare, Plagiomnium rostratum, and P. elatum. According to R. Tuomikoski (1939) the sites inhabited by
Didymodon fallax var. reflexus, Neckera crispa, Orthodicranum flagellare and some other species are the north-
ernmost locations not only in East Fennoscandia but also for the whole of Fennoscandia. Thus, finds in Paanajarvi
National Park of rare arctomontane species such as Bryum arcticum, Grimmia montana, Gymnostomum boreale,
Hypnum hamulosum, Plagiobryum zieri and Pohlia obtusifolia represent the only recordings of these species for the
whole of Fennoscandia. Forty-two rare mosses listed in RDBK and RDBEF are known to grow in the park (Table
19). Fourteen species occurring in the park have not been encountered elsewhere in Karelia. A. 1. Maksimov’s
herbaria have confirmed the occurrence of four rare species, namely Hypnum vaucheri, Rhynchostegium ripari-
oides, Seligeria brevifolia and Tayloria lingulata. Many rare species characteristically grow on the rocks and in the
tundra belt of the park’s highest mountains such as Nuorunen and Kivakka. The phytocenoses in which they occur
are sensitive and can easily be destroyed by tourism. This should be taken into account when laying out hiking paths
in the park.

The moss flora of the Keret Reserve, which takes in the Keret, Kishkin and Sidorov Islands in the White Sea,
was studied by A.I. Maksimov in August 1998. The reserve is located in the Topozero-Keretozero floristic province
(IT) which almost completely overlaps the biogeographic province of Karelia keretina (Fig. 40). Until recently it had
been considered to possess only a poor bryoflora with L.A.Volkova and A.I.Maksimov (1993) detailing only 119 moss
species. However, a study in the Kem-luda Archipelago conducted by O.A.Belkina and A.Y.Likhachev (1997; 1999)
revealed 151 species, including 66 new species and 4 new varieties for the floristic province (Table 17). Eight species
and one variety, i.e. Bryum intermedium, B. oblongum, B. salinum, Dicranum groenlandicum, D. muehlenbeckii,
Orthotrichum affine, O. pylaisii, Polytrichum longisetum var. anomalum, Warnstorfia pseudostraminea are recorded
for the first time for the whole of Karelia.

Bryum oblongum, B. rutilans, Hamatocaulis vernicosus and Pseudoleskeella papillosa are listed in the Red
Data Book of Europe (1995), and Warnstorfia pseudostraminea, Barbula unguiculata, Brachythecium velutinum and
Dicranum spurium are included in the Red Data Book of the Murmansk Oblast (Rare ..., 1990). Eleven rare moss
species found in Kem-ludasare are listed in RDBK and RDBEF (Table 19).

Our studies carried out in 1998 in the Keret Reserve revealed 129 moss taxa (Maksimov & Maksimova, 1999).
On analysis of our herbarium four further species, Amphidium lapponicum, Eurhynchium pulchellum, Hamatocaulis
vernicosus and Tortella fragilis, were identified. We added 16 new species and 2 new varieties (Table 17) for the
Topozero-Keretozero floristic province (II). Of these Polytrichastrum alpinum var. fragile and Sanionia orthothe-
cioides are new for the whole of Karelia. L. Hedenés (1989) was the first to report Sanionia orthothecioides from the
eastern part of Karelia keretina province but the exact location was not specified. Two moss species, Aulacomnium
turgidum and Brachythecium turgidum, are included in RDBK and RDBEF. There are a greater number of arctmon-
tane and hypoarctic-montane moss species in the Keret Reserve than on the mainland because the reserve is located
on an island. The diversity of bryophytes (133 taxa or 129 species) and the presence of calciphilous species in the
Keret Reserve are due to the presence of quartz-carbonate veins in the granite gneiss rocks occurring on the islands
(Volodichev, Stepanov, Lukashov, 1999). The Keret reserve hosts many of the species occurring in the Topozero-
Keretozero floristic province (67%), as well as Aulacomnium turgidum and Brachythecium turgidum that are listed in
RDBK and RDBEF, and is therefore a site considerable bryofloristic importance.

Study of the Kem-luda Archipelago and the Keret Reserve has led to the identification of 201 moss species for
floristic province II (Table 18, Fig. 40).

The Kostomuksha Strict Reserve and the proposed Kalevala and Tuulos national parks are located in the
Kuitozero-Leksozero floristic province (IIT) which partly overlaps the biogeographic province of Karelia pomorica
occidentalis (Fig. 40).

Mosses were studied in the proposed Kalevala National Park in 1997 near the villages of Sudnozero, Latvozero
(Boichuk, 1998; Kuznetsov et al., 2000) and Labuka (collections of O.L.Kuznetsov and A.V. Kravchenko, 2000). The
data obtained indicates that the bryoflora of the park consists of 162 moss species, i.e. 69% of the total bryoflora of
floristic province III. Seventeen species are reported for the province for the first time (Table 17) while two species,
Dicranella rufescens and Oligotrichum hercynicum, had not been reported earlier anywhere in Karelia (Boichuk,
1998). Six species, namely Dicranella rufescens, Discelium nudum, Fontinalis squamosa, Pseudotaxiphyllum elegans,
Sphagnum denticulatum and Warnstorfia pseudostraminea, are listed in RDBK and RDBEF.

The moss flora of the Kostomuksha Strict Nature Reserve was studied in 1995-1998 (Boichuk, 2001).
According to the study the reserve has 159 moss species that account for 68% of all the mosses known in floristic
province III. Twelve species are new for province III (Table 17) while three species, Dicranella palustris,
Hygrohypnum smithii and Ulota crispa, are new for the whole of Karelia. Rare and protected mosses include
Sphagnum denticulatum, S. subnitens, Fontinalis squamosa and Warnstorfia pseudostraminea.
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Table 17
List of new mosses in the floristic regions of Karelia
Species Floristic regions

1 11 111 v \ VI VII XI XII
Amblystegium serpens (Hedw.) Schimp. in B.S.G. + +*
A. serpens var. juratzkanum (Schimp.) Rau et Herv. +
Amphidium lapponicum (Hedw.) Schimp. +
Anoectangium aestivum (Hedw.) Mitt. +*
Atrichum undulatum (Hedw.) P. Beauv. +
Aulacomnium turgidum (Wahlenb.) Schwaegr. +*
Barbula unguiculata Hedw. +*
Bartramia ithyphylla Brid. +
Brachythecium albicans (Hedw.) Schimp. in B.S.G. +* + +
B. campestre (C. Muell.) Schimp. in B.S.G. +* +%* +
B. erythrorrhizon Schimp. in B.S.G. +
B. mildeanum (Schimp.) Schimp. ex Milde + +* + + +
B. oedipodium (Mitt.) Jaeg. +%* +
B. plumosum (Hedw.) Schimp. in B.S.G. +* +
B. populeum (Hedw.) Schimp. in B.S.G. +*
B. rivulare Schimp. in B.S.G. +
B. rutabulum (Hedw.) Schimp. in B.S.G. +*
B. starkei (Brid.) Schimp. in B.S.G. +* +* +
B. turgidum (Hartm.) Kindb. +* +
B. velutinum (Hedw.) Schimp. in B.S.G. +* +
Bryoerythrophyllum recurvirostre (Hedw.) Chen +
Bryum argenteum Hedw. +* +* +
B. caespiticium Hedw. +
B. creberrimum Tayl. +* +%* +*
B. elegans Nees ex Brid. + +%*
B. imbricatum (Schwaegr.) Bruch et Schimp. in B.S.G. +* 4k
B. intermedium (Brid.) Bland. +*
B. oblongum Lindb. +*
B. pallens (Brid.) Sw. ex Roehl. +*
B. rutilans Brid. 4k +*
B. salinum Hag. ex Limpr. +* +
B. stirtonii Bruch et Schimp. in B.S.G. +*
B. weigelii Spreng. in Biehler +
Callicladium haldanianum (Grev.) Crum +
Calliergon giganteum (Schimp.) Kindb. +*
C. megalophyllum Mikut. +*
C. richardsonii (Mitt.) Kindb. in Warnst. +*
Calliergonella cuspidata (Hedw.) Loeske 4k
Camptothecium lutescens (Hedw.) Schimp. in B.S.G. +*
Campylium calcareum Crundw. et Nyh. + +
C. polygamum (B.S.G.) C. Jens. +* +
C. radicale (P. Beauv.) Grout 4k
C. sommerfeltii (Myr.) J. Lange +* +%* +
Cinclidium stygium Sw. +* +
C. subrotundum Lindb. +
Cirriphyllum piliferum (Hedw.) Grout +
C. thommasinii (Boul.) Grout +
Cnestrum schistii (Web. et Mohr) Hag. +*
Cynodontium tenellum (Bruch et Schimp.) Limpr. +* +
Dicranella heteromalla (Hedw.) Schimp. +
Dicranella palustris (Dicks.) Crundw. ex E. Warb. +*
D. rufescens (Dicks.) Schimp. 4k
D. schreberiana (Hedw.) Hilp. ex Crum et Anderson +*
Dicranum brevifolium (Lindb.) Lindb. + +
D. drummondii C. Muell. +* +
D. fragilifolium Lindb. +
D. groenlandicum Brid. +*
?D. muehlenbeckii Bruch et Schimp. in B.S.G. +*
D. spurium Hedw. +* +
Didymododon rigidulus Hedw. +
Discelium nudum (Dicks.) Brid. 4k
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Species Floristic regions
1 11 111 v \ VI | VI X XI [ X
Ditrichum flexicaule (Schwaegr.) Hampe +*
Drepanocladus aduncus (Hedw.) Warnst. +% + +
D. aduncus var. capillifolius (Warnst.) Riehm. 4+
D. tenuinervis T. Kop. +*
Eurhynchium hians (Hedw.) Sande Lac. +
E. pulchellum (Hedw.) Jenn. +
E. pulchellum var. praecox (Hedw.) Dix. +
Fissidens adianthoides Hedw. +¥
F. bryoides Hedw. +
F. osmundoides Hedw. +*
F. pusillus (Wils.) Milde +
G. donniana Sm. +*
Gymnostomum boreale Nyholm et Hedenaes. +*
Hamatocaulis vernicosus (Mitt.) Hedenaes + +*
Helodium blandowii (Web. et Mohr) Warnst. +* +
Hygroamblystegium fluviatile (Hedw.) Loeske +* +
Hygrohypnum alpestre (Hedw.) Loeske 4k
H. smithii (Sw. ex Lilj.) Broth. +*
Hylocomiastrum pyrenaicum (Spruce) Fleisch. in Broth. 4k
H. umbratum (Hedw.) Fleisch. in Broth. + +* + +
Hymenostylium recurvirostre (Hedw.) Dix. 4%
Hypnum callichroum Funck ex Brid. +*
H. cupressiforme Hedw. + +
H. pratense Koch ex Spruce 4k +* %
H. vaucheri Lesq. +*
Isopterygiopsis pulchella (Hedw.) Iwats. +*
Leptodictyum riparium (Hedw.) Warnst. + 4k
Lescuraea saxicola (Schimp. in B.S.G.) Milde +*
Leskeella nervosa (Brid.) Loeske +
Limprichtia cossonii (Schimp.) Anderson et al. + +* +*
Mnium ambiguum H. Muell. +
M. stellare Hedw. +
Mpyrinia pulvinata (Wahlenb.) Schimp. 4k
Oligotrichum hercynicum (Hedw.) DC. in Lam. et DC. 4k +
Oncophorus virens (Hedw.) Brid. +*
O. wahlenbergii Brid. +
Orthothecium chryseon (Schwaegr. ex Schultes) Schimp. in B.S.G. +*
Orthotrichum affine Brid. +*
O. obtusifolium Brid. +* +
O. pylaisii Brid. +*
O. rupestre Schleich. ex Schwaegr. +
O. speciosum Nees in Sturm + +* +
Philonotis arnellii Husn. +
P. fontana var. pumila (Turn.) Brid. +*
Plagiomnium cuspidatum (Hedw.) T. Kop. 4k +*
P. elatum (Bruch et Schimp. in B.S.G.) T. Kop. +*
P. medium (Bruch et Schimp. in B.S.G.) T. Kop. +* 4k +
P. medium ssp. curvatulum (Lindb.) T. Kop. 4k +*
Plagiopus oederiana (Sw.) Crum et Anderson +
Plagiothecium cavifolim (Brid.) Iwats. + +
P. latebricola Schimp. in B.S.G. +
P. nemorale (Mitt.) Jaeg. + +
Platydictya subtilis (Hedw.) Crum +
Pogonatum dentatum (Brid.) Brid. +* + +
Pohlia andalusica (Hoehnel) Broth. +* +* +
P. annotina (Hedw.) Lindb. +*
P. bulbifera (Warnst.) Warnst. + +
P. obtusifolia (Brid.) L. Koch +*
P. proligera (Kindb. ex Breidl.) Lindb. ex H. Arnell +* +
Polytrichastrum alpinum (Hedw.) G. L. Sm. +* +
P. alpinum var. fragile (Bryhn) Long + +
Polytrichum longisetum var. anomalum (Milde) Hag. +* +
P. swartzii Hartm. +
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End. table 17

Floristic regions

1 11 111 I\ \ VI VII X X1 XII
Pseudocalliergon trifarium (Web. et Mohr) Loeske +
Pseudoleskea radicosa (Mitt.) Kindb. in Macoun + +*
Pseudoleskeella papillosa (Lindb.) Kindb. +*
P. tectorum (Funck ex Brid.) Kindb. in Broth. 4% +
Pseudotaxiphyllum elegans (Brid.) Iwats. +*
Pterigynandrum filiforme Hedw. + +*
Pylaisiella polyantha (Hedw.) Grout + +* +
P. selwynii (Kindb.) Crum et al. +
Racomitrium aciculare (Hedw.) Brid. + +
R. affine (Schleich. ex Web. et Mohr) Lindb. +*
R. canescens (Hedw.) Brid. +
R. lanuginosum (Hedw.) Brid. +*
R. sudeticum (Funck) Bruch et Schimp. in B.S.G. +
Rhizomnium magnifolium (Horik.) T. Kop. +*
Rhodobryum roseum (Hedw.) Limpr. +* +
Rhynchostegium riparioides (Hedw.) C. Jens. + +*
Rhytidiadelphus squarrosus (Hedw.) Warnst. +*
R. subpinnatus (Lindb.) T. Kop. + +
Rhytidium rugosum (Hedw.) Kindb. +*
Saelania glaucescens (Hedw.) Broth. in Bomanss. et Broth. +
Sanionia orthothecioides (Lindb.) Loeske + +
Sarmentypnum sarmentosum (Wahlenb.) Tuom. et T. Kop. +* +
Schistidium agassizii Sull. et Lesq. in Sull. + +
S. apocarpum var. confertum (Funck) Moell. +*
S. flaccidum (De Not.) Lindb. +*
S. rivulare (Brid.) Podp. +*
Schistostega pennata Hedw. + +*
Seligeria campylopoda Kindb. in Macoun +*
Sphagnum aongstroemii C. Hartm.
S. compactum DC. in Lam. et DC.
S. cuspidatum Ehrh. ex Hoffm.

S. denticulatum Brid. +
S. fimbriatum Wils. in Wils. et Hook. f. +* +
S. flexuosum Dozy et Molk. + +*
Sphagnum inindatum Russ.
S. isoviitae Flatb. +
S. jensenii H. Lindb. + +
S. lindbergii Schimp. ex Lindb.
S. molle Sull. + +
S. papillosum Lindb. +
S. platyphyllum (Lindb. ex Braithw.) Sull. ex Warnst. +
S. pulchrum (Lindb. ex Braithw.) Warnst. + +
S. quinquefarium (Lindb. ex Braithw.) Warnst. + +
S. riparium Aongst. +
S. rubellum Wils. +
S. subnitens Russ. et Warnst. ex Warnst. + +
S. tenellum (Brid.) Perss. ex Brid. +
S. wanstorfii Russ. +
S. wulfianum Girg. +
Splachnum rubrum Hedw. +
S. vasculosum Hedw. +*
Tayloria lingulata (Dicks.) Lindb. +%*
T. tenuis (Dicks.) Schimp. +* +*
Thuidium recognitum (Hedw.) Lindb. +
Tortella fragilis (Hook. et Wils. in Drumm.) Limpr. +*
T. tortuosa (Hedw.) Limp. +*
Tortula norvegica (Web. f.) Wahlenb. ex Lindb. +
T. ruralis (Hedw.) Gaertn. et al. +* +
Ulota crispa (Hedw.) Brid. +*
Warnstorfia pseudostraminea (C. Muell.) Tuom. et T. Kop. +* +* +
Zygodon viridissimus (Dicks.) Brid. +*
Total 31 82 39 14 8 60 8 4 2 22

Species

+

+

+

+|+]+ [+

+

+

+

+

* information about mosses in each of the floristic regions reported in available literature: I* — Halonen, Ulvinen (1996); II* — Belkina,
Likhachev (1997, 1999); III* — Boichuk (1998, 2001); Kuznetsov et al. (2000) and unpublished data; VII* — Lantratova et al. (2000); Boichuk,
Kuznetsov (2000); XI* — Chernyadyeva (1997); XII* — Wahlberg (1998); Huttunen, Wahlberg (1999). Unannotated data reported by Maksimov
et al. (1995, 1998a, b); Maksimov, Maksimova (1999, 2000) and unpublished material.
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Table 18
The number of mosses in the floristic provinces of Karelia
Floristic provinces 1 I | I v \ VI VII | VII IX X XI Xl Karelia
Number of species (after Volkova
and Maksimov, 1993) 267 [ 119 ] 196 | 121 191 131 305 140 141 182 177 | 339 415
Number of new species according to
1993-2000 studies 31 | 82 | 39 14 8 60 8 0 0 4 2 22
Total as of 2000 298 1201 | 235 | 135 199 191 313 140 141 186 179 | 361 442
Number of rare spesies included in
RDBK and RDBEF 42 | 13 8 4 1 3 25 1 5 5 6 68 109
New species found in Karelia 4 8 5 2 0 0 2 0 0 1 1 5 28

Outside of the reserve in the vicinity of Kostomuksha 123 moss species, including 6 species not previously
reported for the province, i.e. Bryum argenteum, B. imbricatum, Calliergonella cuspidata, Hylocomiastrum pyre-
naicum and Pseudoleskea radicosa, were identified.

The Kostomuksha Strict Reserve together with the Kostomuksha area possess a total of 174 moss species (74%
of species known for the province). Taken together with the proposed Kalevala National Park, these figures rise to 194
species and 82% respectively. Of these only one species (Hygrohypnum ochraceum) out of 194 was previously listed
in available literature (Makirinta et al., 1997) while just two species (Sphagnum cuspidatum and Limprichtia cossonii)
had been identified from the samples collected by G.A.Yelina in 1972 and 1973 (Herbarium of the Institute of Biology,
Karelian Research Centre, RAS).

On the basis of studies conducted by A.I.Maksimov in 1997 (Maksimov et al., 1998 b) and analyses of herbaria
collected by O.L.Kuznetsov in 2000, the moss flora of the proposed Tuulos National Park consists of 105 taxa, i.e.
45% of all moss taxa known for floristic province IIl. The finds of Orthotrichum speciosum, Racomitrium aciculare,
Sphagnum denticulatum and S. quinquefarium were the first for the province. The taxon Polytrichum longisetum var.
anomalum (see Annotated List) was reported for the first time in Karelia. Sphagnum denticulatum, S. subnitens are
listed in RDBK and RDBEF.

To sum up, the moss studies of the proposed Kalevala and Tuulos national parks, the Kostomuksha Strict
Reserve and the Kostomuksha area have led to the identification of 195 moss species, i.e. 83% of the bryoflora of
floristic province III. Thirty-nine species are new to the province and five species and one variety new to the whole of
Karelia (Table 17, Annotated List). The moss flora of the Kuitozero-Leksozero floristic province, and therefore of the
biogeographic province of Kpoc is now known to contain a total of 235 species (Table 18, Fig. 40). Characteristic of
the protected areas studied is the presence of western and Atlantic species such as Racomitrium aciculare, R. affine,
Sphagnum denticulatum, S. rubellum, S. subnitens, S. tenellum and S. quinquefarium. The bryoflora of these areas is
poorer than for floristic province III as a whole due to the occurrence of poor felsic bedrock.

The Shuiostrovsky Reserve is located in the White Sea floristic province (IV), which forms the eastern part of
the biogeographic province of Karelia pomorica occidentalis. This province has a very poor bryoflora with just 121
species (Table 17), barely 30% of Karelia’s total moss flora. Studies conducted by A.l. Maksimov in 1998 on
Shuiostrov and Bolshoi Sosnovets Islands revealed 62 moss species. Thirteen species and one variety were found for
the first time in floristic province IV (Table 17) while Sphagnum isoviitae is new for Karelia as a whole. Thus, the
moss flora of floristic province IV is now known to contain 134 species. Polytrichastrum alpinum var. fragile, found
on Bolshoi Sosnovets Island is quite a rare taxon and occurs sporadically on rocky islands in the White Sea. Also found
here is an arctomontane form of the common species Sanionia uncinata (S. uncinata f. gracilescens).

The small number of moss species in the Shuiostrovsky Reserve is most probably due to the relatively recent
origination of its islands (i.e. from the Sub-Atlantic period), large-scale paludification and the relative lack of exposed
bedrock outcrops. The results of our studies agree with those obtained by R.R. Pole (1915) who recorded 38 moss
species for the Kuzova Archipelago which is situated near the Shuiostrovsky Reserve.

In 2000, A.I. Maksimov and T.A. Maksimova studied mosses near Lake Yelmozero in the Vygozero floristic
province (V) (Fig. 40) and found 8 new species, Brachythecium mildeanum, Campylium polygamum, Cinclidium sty-
gium, Drepanocladus aduncus, Oligotrichum hercynicum, Plagiopus oederiana, Sarmentypnum sarmentosum and
Tortula norvegica. The last mentioned is a rare species listed in RDBK and RDBEF. and was previously known only
from Vodlozersky National Park (Volkova & Maksimov, 1993).

During 1995-1998 we studied mosses in the proposed Koitajoki National Park and the Tolvajéirvi Landscape
Reserve (Maksimov et al., 1998 a, b). Some interesting findings were made by O.L. Kuznetsov in 1999. To sum up, 157
moss species (98 species in Koitajoki National Park and 141 in the Tolvajérvi Reserve) were identified. This corresponds
to 82% of all moss species known for the Suna-Suojérvi floristic province (VI) located in the eastern part of the biogeo-
graphic province of Karelia borealis. No less than sixty species were reported for the province for the first time (Table 17).

Two new moss species previously unknown in Karelia were identified. Pohlia andalusica was found in the
Tolvajirvi Reserve and Warnstorfia pseudostraminea in the proposed Koitajoki National Park. Pohlia andalusica was
first reported from Karelia during a study of Paanajérvi National Park (Halonen & Ulvinen, 1996) while Warnstorfia
pseudostraminea was found in the Kem-luda Archipelago (Belkina & Likhachev, 1997). These two species were iden-
tified more recently in the proposed Kalevala National Park and the Kostomuksha Strict Reserve (Kuznetsov et al.,
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Table 19
Occurrence in the protected areas of Karelia of rare mosses included in the Red Data Book of East Fennoscandia

Species Categories Occurrence in the
Protected areas
Andreaea obovata Thed. 3(R) PNP
Antitrichia curtipendula (Hedw.) Brid. 3 (R) LPNP
Arctoa fulvella (Dicks.) Bruch et Schimp. in B.S.G. 3 (R) PNP
Atrichum flavisetum Mitt. 3 (R) LPNP
Aulacomnium turgidum (Wahlenb.) Schwaegr. 3 (R) PNP, K-I, KR
Barbula unguiculata Hedw. 3 (R) K-1, LPNP
Brachythecium turgidum (Hartm.) Kindb. 3 (R) PNP, K-I, ShR, KR
Bryum arcticum (R. Br.) Bruch et Schimp. in B.S.G. 3 (R) PNP
B. rutilans Brid. 3 (R) PNP, K-1
Campylium calcareum Crundw. et Nyh. 3(R) LPNP
C. halleri (Hedw.) Lindb. 3 (R) PNP, LPNP
Cinclidium subrotundum Lindb. 3 (R) PNP, K-1
Coscinodon cribrosus (Hedw.) Spruce 2(V) LPNP
Ctenidium molluscum (Hedw.) Mitt. 3 (R) KiSR
Desmatodon latifolius (Hedw.) Brid. 3 (R) PNP, LPNP
Dicranella humilis Ruthe 3(R) PNP
D. rufescens (Dicks.) Schimp. 3 (R) KPNP
Didymodon icmadophyllus (Schimp. ex C. Muell.) Saito 3 (R) PNP
D. rigidulus Hedw. 3 (R) PNP, KiSR
Diphyscium foliosum (Hedw.) Mohr 3 (R) PNP
Discelium nudun (Dicks.) Brid. 3 (R) KPNP
Distichium inclinatum (Hedw.) Bruch et Schimp. in B.S.G. 3(R) PNP
Dryptodon patens (Hedw.) Brid. 3(R) LPNP
Encalypta mutica Hag. 3 (R) PNP
E. procera Bruch 3 (R) PNP
Eurhynchium praelongum (Hedw.) Schimp. in B.S.G. 3 (R) LPNP
Fontinalis squamosa Hedw. 3 (R) KPNP, KoSR
Grimmia anodon Bruch et Schimp. in B.S.G. 3 (R) LPNP
G. donniana Sm. 3 (R) PNP, K-1
G. elatior Bruch ex Bals. et De Not. 3 (R) LPNP
G. hartmannii Schimp. 3 (R) LPNP
G. incurva Schwaegr. 3 (R) PNP
G. montana Bruch et Schimp. in B.S.G. 3 (R) PNP
G. unicolor Hook. in Grev. 3(R) LPNP
Gymnostomum boreale Nyh. et Hedenaes 2(V) PNP
Hamatocaulis lapponicus (Norrl.) Hedenaes 3 (R) LPNP
Herzogiella striatella (Brid.) Iwats. 3 (R) LPNP
Homalia besseri Lob. 3 (R) LPNP
Hymenostylium recurvirostre (Hedw.) Dix. 3 (R) PNP, LPNP
Hypnum callichroum Funck ex Brid. 3(R) PNP, K-1
H. hamulosum Schimp. in B.S.G. 3 (R) PNP
H. vaucheri Lesq. 3 (R) PNP
Myrinia pulvinata (Wahlenb.) Schimp. 2 (V) PNP
Myurella tenerrima (Brid.) Lindb. 3(R) PNP
Neckera crispa Hedw. 3(R) PNP, LPNP
N. pennata Hedw. 3 (R) KiSR, LPNP
Orthothecium chryseon (Schwaegr. ex Schultes) Schimp. in B.S.G. 3 (R) PNP, LPNP
O. rufescens (Brid.) Schimp. in B.S.G. 3 (R) PNP
Orthotrichum pallens Bruch ex Brid. 3(R) LPNP
O. urnigerum Myr. 0 (Ex) LPNP
Philonotis arnellii Husn. 3(R) LPNP
P. fontana var. falcata (Hook.) Brid. 4 () PNP
Physcomitrium sphaericum (Ludw.) Brid. 3 (R) LPNP
Plagiobryum zieri (Hedw.) Lindb. 3 (R) PNP
Plagiomnium drummondii (Bruch et Schimp.) T. Kop. 3(R) KiSR, LPNP
Platydictya confervoides (Brid.) Crum 3 (R) LPNP
Platygyrium repens (Brid.) Schimp. in B.S.G. 4D LPNP
Pleuridium subulatum (Hedw.) Rabenh. 3 (R) LPNP
Pohlia obtusifolia (Brid.) L. Koch 3 (R) PNP
Polytrichum formosum Hedw. 3 (R) LPNP
P. hyperboreum R. Br. 3(R) PNP
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Species Categories Oceurrence in the
Protected areas

Pseudotaxiphyllum elegans (Brid.) Iwats. 3 (R) KPNP, LPNP

Racomitrium heterostichum (Hedw.) Brid. 3 (R) TR, LPNP

Rhabdoweisia fugax (Hedw.) Bruch et Schimp. in B.S.G. 3(R) LPNP

Rhynchostegium riparioides (Hedw.) C. Jens. 3 (R) PNP

Schistidium flaccidum (De Not.) Lindb. 3(R) K-l, LPNP

Seligeria brevifolia (Lindb.) Lindb. 3 (R) PNP

S. donniana (Sm.) C. Muell. 3 (R) PNP

S. subimmersa Lindb. 1(E) PNP

S. tristichoides Kindb. 3(R) PNP

Sphagnum denticulatum Brid. 3(R) KoSR, TPNP, TR, KPNP

S. molle Sull. 2(V) KoPNP

S. subnitens Russ. et Warnst. ex Warnst. 40 PNP, KoSR, TPNP

Splachnum vasculosum Hedw. 3 (R) PNP, K-1

Tayloria lingulata (Dicks.) Lindb. 3 (R) PNP, K-1

T. splachnoides (Schleich. ex Schwaegr.) Hook. 3 (R) PNP

Tortula mucronifolia Schwaegr. 3 (R) PNP

Ulota hutchinsiae (Sm.) Hammar 3(R) LPNP

Warnstorfia pseudostraminea (C. Muell.) Tuom. et T. Kop. 4 (D) K-1, KPNP, KoSR, KoPNP

Abbreviation, categories and symbols used in Table: 0 = Extinct, 1 = Endangered, 2 = Vulnerable, 3 = Rare, 4 = Declining, PNP =
Paanajérvi NP, K-1 = Kem-ludas (Kandalaksha Strict Reserve), KR = Keret Reserve, KPNP = Kalevala PNP, KoSR = Kostomuksha Strict
Reserve, TPNP = Tulos PNP, ShR = Shuiostrov Reserve, KoPNP = Koitajoki PNP, TR = Tolvojarvi Reserve, KiSR = Kivach Strict Reserve,
LPNP = Ladoga Skerries PNP

2000). Of utmost interest are epiphytic mosses growing on aspen (Pylaisiella polyantha, Orthotrihum speciosum, O.
obtusifolium, Ptilidium pulcherrimum and Radula complanata) as almost all of these types of woody plants have been
cut down in Finland.

The proposed Koitajoki National Park hosts a unique bryoflora containing some Atlantic species, i.e.
Racomitrium aciculare, Sphagnum molle, S. pulchrum, S. tenellum and S. quinquefarium, and two Red Data Book
species: Warnstorfia pseudostraminea and Sphagnum molle. This last-mentioned is very scarce in East Fennoscandia
as well as being the rarest sphagnum moss in Russia.

In addition to the occurrence of the Red Data Book species Sphagnum denticulatum, the Tolvajarvi Landscape
Reserve has fragments of spruce forests with typical bryoflora, including some old-growth forest indicator species
such as Hylocomiastrum umbratum, Rhodobryum roseum, Rhytidiadelphus subpinnatus, Sphagnum quinquefarium, S.
wulfianum, Calypogeia suecica, Lophozia longiflora var. guttulata and L. ascendens. The presence of these bryophytes
indicate that the mature spruce stands growing in the reserve are old-growth.

The bryoflora of the Kivach Strict Nature Reserve, one of Karelia’s oldest protected areas, has not been stud-
ied for a considerable period of time. The reserve lies in the Zaonezye floristic province (VII) which is much smaller
than the biogeographic province of Karelia onegensis. Province VII has the second highest number of moss species
of all Karelian provinces (Table 18, Fig. 40).

R.R. Pole (1915) was the first to report three moss species from the Kivach Falls area. L. I. Savich-Lyubitskaya
(1921) sampled mosses in the reserve in 1920 but it was not until the early 1980s that her collection was analysed by
L. A. Volkova. In a well-known review paper on mosses of Fennoscandia, V. Brotherus (1923) reported only 20
species from the reserve. A comprehensive list of Bryophyta consisting of 9 liverwort and 152 moss species was pre-
sented by L. A. Volkova in 1981. The results of a study of mire mosses in the reserve were reported by A. I. Maksimov
(1983) but it was not until 1995 that an annotated list of 190 mosses from the Kivach Strict Reserve appeared
(Maksimov et al., 1995). Plagiothecium nemorale was reported for the first time for the whole of Karelia and
Didymodon rigidulus for the first time for floristic province VII. We analysed the moss herbarium collected by
A.V. Kravchenko during 1999-2000 and found four new species, Brachythecium starkei, Rhytidiadelphus squarrosus,
Sphagnum platyphyllum and Eurhynchium hians, this last-mentioned being recorded for the first time for floristic
province VII. The new species Catascopium nigritum was encountered by A.I. Maksimov while analysing moss
herbaria of the 1970s. Thus, the moss flora of the Kivach Strict Reserve is now known to contain 195 species includ-
ing some rare mosses listed in RDBK and RDBEF such as Ctenidium molluscum, Didymodon rigidulus, Neckera pen-
nata and Plagiomnium drummondii (Table 19).

A number interesting species was reported from floristic province VII when studying mosses from the
Botanical Gardens of the Petrozavodsk State University (Lantratova et al., 2000) and mires in Zaonezhye (Boichuk &
Kuznetsov, 2000). 124 moss species were identified in the Botanical Garden. Of these Cirriphyllum tommasinii is new
species for floristic province VII and together with Homalia besseri is listed as a rare species in RDBK and RDBEF.
Moss samples collected on mires in Zaonezhye were analysed and Sphagnum pulchrum, an amphiatlantic species
scarce to southeastern Karelia, was reported for the first time for floristic province VII (Boichuk & Kuznetsov, 2000).

In 2000 A.I. Maksimov and T.A. Maksimova studied mosses near Tivdia, Ussuna and Tolvuya (Fig. 40) and
identified three more species, Campylium calcareum, Hylocomiastrum umbratum and Philonotis arnelli, previously
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unknown in floristic province VII. Samples taken confirmed the presence of certain Red Data Book mosses such as
Cirriphyllum tommasinii, Ctenidium molluscum, Didymodon rigidulus, D. icmadophyllus. As a result of these studies
the Zaonezhye district is now known to contain a total of 313 moss species.

Certain mosses not previously reported from the Shoksha (X) floristic province, i.e. Racomitrium aciculare,
Hygroamblystegium fluviatile, Fissidens bryoides var. gymnandrus and F. pusillus, were encountered by
A.L. Maksimov and T.A. Maksimova (1996, 1998) during studies of Lososinka river mosses in the green belt of
Petrozavodsk. The reporting of the last-mentioned species was the first for the whole of Karelia.

Remarkable for the diversity of its flora, the proposed Ladoga Skerries National Park is located in the
Priladozhye floristic province (XII) which overlaps the biogeographic province of Karelia ladogensis (Fig. 40). Recent
data indicates that the province is inhabited by at least 361 moss species (81% of all Karelian bryoflora). 68 of these
species are listed as rare in RDBK and RDBEF, with 32 species growing only in northern Priladozhye and not occur-
ring elsewhere in Karelia. In northern Priladozye mosses were studied from the mid 19th century up until the 1940s by
many well known Finnish botanists such as W. Nylander, S. O. Lindberg, J. P. Norrlin, V. F. Brotherus, V. Pesola,
K. Linkola, M. J. Kotilainen, A. Huuskonen, H. Roivanen, A. Waarama and others. Their results were summarised by
V. Brotherus in his review of 1923 and by A. Huuskonen in 1953. Local bryoflora were studied in great detail in the
vicinity of Kurkijoki, Lahdenpohja, Sortavala, Kirjavalehti (Ladoga Skerries PNP), Ruskeala and Suistamo (Soanlahti
and Leppasyrja). After a considerable period of inactivity research continued in 1997 near Sortavala and Pitkaranta
(Huttunen & Wahlberg, 1999). Moss samples were collected in order to confirm the occurrence of certain rare species
previously identified by Finnish bryologists. The authors collected six rare moss species, i.e. Grimmia elatior, G.
ovalis, Homalia besseri, Neckera pennata, Orthotricum pallens and Pseudotaxiphyllum elegans. They also found one
species, Camptothecium lutescens, not previously encountered anywhere in Karelia. In the catalogue of rare Bryophyta
sampled in Priladozye and housed in Finnish herbaria H. Wahlberg (1998) drew attention to another twelve species
previously unknown for floristic province XII (Table 17, Annotated List).

In August 1999 we studied local bryoflora near Hiitola, Kurkijoki, Sortavala, Kirjavanlahti Bay, Paksuniemi
Peninsula and Ristijarvi urochishche in the proposed Ladoga Skerries National Park. The local bryoflora in the prox-
imity of Hiitola had not previously been studied to any significant degree. One particular moss species, Leptobryum
pyriforme, was mentioned by V. Brotherus in 1923 and four species, Grimmia ovalis, Neckera crispa, Platygyrium
repens and Ulota hutchinsiae, were mentioned by H. Wahlberg (1998). Samples of these four species are available for
study in Finnish herbaria. Our studies show that the Hiitola area has a total population of 108 moss species (112 species
according to available literature) and 2 varieties (Maksimov & Maksimova, 2000). Mnrium hornum and Homomallium
incurvatum were excluded from the list after reidentification of the specimens in question. Nine mosses from Hiitola
are listed in RDBK and RDBEF: Grimmia ovalis, Neckera crispa, N. pennata, Platygyrium repens, Pseudotaxiphyllum
elegans, Ulota hutchinsiae, Racomitrium heterostichum, Rhabdoweisia fugax and Coscinodon cribrosus. The last three
of these species are very rare in Karelia. So far neither Rhabdoweisia fugax, nor Coscinodon cribrosus has been
encountered elsewhere in the proposed park. According to the collections made by A.J. Huuskonen in 1935 Leppasyrja
was the only known site of Rhabdoweisia fugax. Likewise, Coscinodon cribrosus had only been found by W. Nylander
in 1844 on Valaam Island (Brotherus, 1923; Wahlberg, 1998) while Racomitrium heterostichum was known from sam-
ples taken in 1874 in Kirjavalahti by J.P. Norrlin and also from Valaam from the collections of an unknown author who
did not indicate a sampling date (Brotherus, 1923; Wahlberg, 1998).

The proposed Ladoga Skerries National Park has a total of 233 moss species not including Sphagnum mosses
(Brotherus, 1923; Huttunen & Wahlberg, 1999 et al.). As a result of our studies carried out in 1999 a further 36 moss
species, namely Abietinella abietina, Bartramia pomiformis, Brachythecium campestre, B. mildeanum, Campylium
polygamum, Ceratodon purpureus, Coscinodon cribrosus, Dicranella crispa, D. heteromalla, D. schreberiana,
Dicranum majus, Leptodictyum humile, Orthotrichum obtusifolium, Plagiomnium ellipticum, Plagiothecium
nemorale, Pohlia bulbifera, P. proligera, Pseudobryum cinclidioides, Pylaisiella selwynii, Schistostega pennata,
Sphagnum angustifolium, S. capillifolium, S. centrale, S. fallax, S. fuscum, S. girgensohnii, Sphagnum jensenii, S.
majus, S. papillosum, S. quinquefarium, S. riparium, S. russowii, S. squarrosum, S. subsecundum, S. teres and S. wul-
fianum, were identified. Eight species were found for the first time in the Karelia Ladogensis province (Table 17).
Another locality of Plagiothecium nemorale is the Kivach Strict Reserve. All the Sphagnum mosses we identified in
the proposed Ladoga Skerries National Park must be considered as new finds as previous recordings in existing liter-
ature for floristic province XII (Isoviita, 1970; Volkova & Maksimov, 1993) were made without any indication of sam-
pling sites. The proposed park is now known to contain a total of 269 moss species (75% of the total moss flora of
Karelia Ladogensis province). Thirty-four rare species listed in RDBK and RDBEF occur in the park (Huttunen &
Wahlberg, 1999; Maksimov, 2000; Table 19). Our sampling provided further evidence for the occurrence of seven rare
species: Coscinodon cribrosus, Neckera pennata, Orthotrichum urnigerum, Platygyrium repens, Pseudotaxiphyllum
elegans, Racomitrium heterostichum and Rhabdoweisia fugax.

From the bryofloristic point of view the establishment of a Ladoga Skerries National Park is of considerable
importance as at present there exists no large protected area within the biogeographic province K/ in spite of the fact
that this is the most floristically diverse province in the whole of Karelia.

Conclusion. The results of both earlier and recent (1997-2000) bryofloristic studies in Karelia were analysed
and lists of mosses were drawn up for most protected areas including the Kivach and Kostomuksha Strict Nature
Reserves, the Paanajarvi National Park, the proposed Kalevala, Ladoga Skerries, Koitajoki and Tuulos national parks,
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and the Tolvajéarvi, Keret and Shuiostrovsky reserves. With the exception of the Kivach Strict Reserve, Paanajarvi
National Park and the proposed Ladoga Skerries National Park these were the first moss studies undertaken for the
areas in question. Local moss flora occur in all major types of ecosystems known to Karelia, i.e. forests, mires, grass-
lands and water bodies. The number of moss species found in the strictly protected areas investigated account for any-
thing between 14 and 67% of the total number of moss species known for Karelia. It is clear from this that each area
possesses its own bryofloristic characteristics (Table 20).

Table 20
Biodiversity of mosses in the protected areas of Karelia
(RDBK - Red Data Book of Karelia; RDBEF - Red Data Book of East Fennoscandia)
Floristic Number of mosses .
Protected areas provinces Total Included in RDBK and RDBEF
number | % of Karelia | % of province number % of Karelia
Paanajirvi PNP 1 298 67 100 42 38.5
Kem-ludas (Kandalaksha Strict Reserve) 11 154 35 76 11 10.1
Keret Reserve 11 129 30 64 2 1.8
Kalevala PNP 111 162 37 69 6 5.5
Kostomuksha Strict Nature Reserve 111 159 36 68 3 2.8
Tuulos PNP 111 105 24 45 2 1.8
Shiuostrovsky Reserve v 62 14 47 1 1.0
Koitajoki PNP VI 98 22 52 2 1.8
Tolvajdrvi Reserve VI 141 31 74 2 1.8
Kivach Strict Nature Reserve VII 195 44 62 4 3.7
Ladoga Skerrier PNP XII 269 61 75 34 31.0
Total number of moss species in Karelia 442 109

The species compositions of mosses in the various floristic provinces as described earlier by L.A. Volkova and
A L. Maksimov (1993) was reassessed. Dozens of species were reported from the above protected areas which proved
to be first time finds for the floristic (after M.L. Ramenskaya, 1960) and biogeographic (after Mela & Cajander, 1906)
provinces in question. Additions to the known number of species have been greatest in the Topozero-Keretozero (II)
and Suna-Suojarvi (VI) floristic provinces, i.e. 82 and 60 species respectively (Table 18). In all, 27 species and 3 vari-
eties were identified for the first time for the whole of Karelia. These were Anoectangium aestivum, Bryum inter-
medium, B. oblongum, B. rutilans, B. salinum, Campthothecium lutescens, Campylium calcareum, C. radicale,
Dicranella palustris, D. rufescens, Dicranum groenlandicum, ?D. muehlenbeckii, Drepanocladus tenuinervis,
Fissidens pusillus, Gymnostomum boreale, Hygrohypnum smithii, Oligotrichum hercynicum, Orthotrichum affine, O.
pylaisii, Plagiothecium nemorale, Pohlia andalusica, P. annotina, Polytrichastrum alpinum var. fragile, Polytrichum
longisetum var. anomalum, Plagiomnium medium ssp. curvatulum, Sanionia orthothecioides, Seligeria campylopoda,
Sphagnum isoviitae, Ulota crispa and Warnstorfia pseudostraminea. As a result of these new finds the taxonomic list
of Karelian mosses now contains a total of 442 species.

Listed in the Red Data Book of Karelia (1995) and the Red Data Book of East Fennoscandia (1998) are 109
species. The largest number of rare Bryophyta occur in Paanajérvi National Park (42 species), in the proposed Ladoga
Skerries National Park (36) and in the Kem-luda portion of the Kandalaksha Strict Reserve (11) (Table 20). In all, our
collections provided evidence for the occurrence of 31 rare species (28% of all known rare mosses). It should be noted
that as the evidence for the presence of many rare species relies upon 100-year-old collections, further studies are
needed to support this old data.

Little is known about the mosses of the floristic provinces II, IV, V, VIII and IX as designated by
M. L. Ramenskaya (1960) and, correspondingly for the biogeographic provinces Kb, Kton and Kpor. The Ladoga
Skerries National Park needs to be established as soon as possible in order to preserve some of the most diverse bry-
oflora known to Karelia. In the Bryophyta section of the Red Data Book of Karelia (1995), the status of certain moss
species must be revised while other new mosses and liverwort species must be added.

Annotated list of rare and newly found moss species in Karelia

*Anoectangium aestivum (Hedw.) Mitt.— KI, XII: Soanlahti (Wahberg, 1998). RDBEF.

Aulacomnium turgidum (Wahlenb.) Schwaegr. — Kk, 1I: White Sea, Keret Reserve, Sidorov Island, south-facing bedrock
exposures, 13 VIII 1998, A. I. Maksimov. RDBK.

Brachythecium glareosum (Spruce) Schimp. In B. S. G. — K/, XII: environs of Ruskeala, abandoned marble open-cast mine,
north- and southwest-facing bedrock outcrops and rill of glacial discharge in rocks, marble exposures in fine earth, 4 VIII 1999,
A. 1. Maksimov & T. A. Maksimova. RDBK, RDBEF.

* = newly found species; K/ etc. = biogeographic provinces, I-XII = floristic provinces, see Fig. 40)-
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Brachythecium turgidum (Hartm.) Kindb. — Kpoc, IV: White Sea, Shuiostrovsky Reserve, Bolshoi Sosnovets Island, south-
west- and west-facing gabbroid exposures, moist ravine, in cracks and in fine earth, 6 VIII 1998, A. I. Maksimov. RDBK, RDBEF.

*Bryum intermedium (Brid.) Bland. — Kk, 1II: Kandalaksha Strict Reserve, Kem-ludas: Izbyanoi Island (Belkina &
Likhachev, 1997).

*Bryum oblongum Lindb. — Kk, 1I: Kandalaksha Strict Reserve, Kem-ludas: Kem-ludsky Island (Belkina & Likhac-
hev, 1997).

*Bryum rutilans Brid. — Ks, I: Paanajéirvi NP (Halonen & Ulvinen, 1996); Kk, 11: Kandalaksha Strict Reserve, Kem-ludas
(Belkina & Likhachev, 1997). RDBEF.

*Bryum salinum Hag. ex Limpr. — Kk, II: Kandalaksha Strict Reserve, Kem-ludas (Belkina & Likhachev, 1997); Keret
Reserve (Maksimov & Maksimova, 1998).

* Camptothecium lutescens (Hedw.) Schimp. in B. S. G. — K/, XII: Ladoga Skerries PNP (Huttunen & Wahlberg, 1999).

*Campylium calcareum Crundw. et Nyh. — K/, XII: Ruskeala, Soanlahti, Leppasyrja (Wahlberg, 1998); Ruskeala area, aban-
doned marble pit, north-facing bedrock exposures and a rill of glacial discharge in rocks, marble exposures in fine earth. 4 VIII
1999, A. 1. Maksimov & T. A. Maksimova. Kon, VII: Tivdia area, Krasnaya Gora, western dolomite outcrops, in a deep moist crack
together with Hypnum recurvatum, 17 VIII 2000, A. 1. Maksimov & T. A. Maksimova. RDBEF.

*Campylium radicale (P. Beauv.) Grout — K/, XII: Ladoga Skerries PNP, Kurkijoki (Wahlberg, 1998).

Cinclidium subrotundum Lindb. — Kk, IV: mire «Solnechnoey», 10 km south-west of the village Gridino, small hammock,
as admixture to Campylium stellatum and Limprichtia cossonii, 11 VII 1982, A. 1. Maksimov. RDBK, RDBEF.

*Cirriphyllum tommasinii (Boul.) Grout — Kon, VII: Botanical Gardens of the Petrozavodsk State University (Lantratova
et al., 2000); Tivdia area, Krasnaya Gora, west-facing dolomite exposures under tree canopy, at the foot of a rock on an a fine earth
layer, 18 VI 2000, A. I. Maksimov & T. A. Maksimova. RDBK, RDBEF.

Coscinodon cribrosus (Hedw.) Spruce — K/, XII: Ladoga Skerries PNP, Hiitola area, northwestern end of Rasinselka Bay,
southwest-facing steep dry felsic bedrock slightly shaded by pine and birch trees, on fine earth covering rock surface, VII 1999,
A. 1. Maksimov & T. A. Maksimova, RDBK, RDBEF.

Ctenidium molluscum (Hedw.) Mitt. — Kon, VII: Ussuna area, southwest-facing dolomite exposures on the shore of
Lake Sundozero, in a wide fissure on rock surface covered by fine earth, 19 VI 2000, A. I. Maksimov & T. A. Maksimova.
RDBK, RDBEF.

*Dicranella palustris (Dicks.) Crundw. ex Warb. — Kpoc, I1I: Kostomuksha Strict Reserve, Kamennaya river bank, in water,
26 VII 1998, M. A. Boichuk.

*Dicranella rufescens (Dicks.) Schimp. — Kpoc, 111, Kalevala PNP, village of Sudnozero, in clay ditches, 18 VI 1997, 22
VI 1997, M. A. Boichuk, RDBEF.

*Dicranum groenlandicum Brid. — Kk, 1I: Kandalaksha Strict Reserve, Kem-ludas (Belkina & Likhachev, 1997).

*? Dicranum muehlenbeckii Bruch et Schimp in B. S. G. — Kk, II: Kandalaksha Strict Reserve, Kem-ludas (Bogdanova,
1969). The occurrence of this species in Karelia is in doubt because the distribution area of D. muehlenbeckii does not cover East
Fennoscandia (Preliminary distribution ..., 1996).

Didymodon icmadophyllus (Schimp. ex C. Muell.) Saito — Kon, VII: Tivdia area, Belaya Gora, abandoned marble pit, steep
east-facing rock exposures, wet rock surface, 15 VI 2000, A. I. Maksimov & T. A. Maksimova. RDBEF.

D. rigidulus Hedw.- Kon, VII: same environment as for D. icmadophyllus, also on dry rock surface; near Ussuna, south-
west-facing dolomite outcrops on the shore of Lake Sundozero, on rock surface, 19 VI 2000, A. I. Maksimov & T. A. Maksimova.
KI, X1II: Ruskeala area, abandoned marble pit, north-facing rock exposures, on marble outcrops covered with fine earth, 4 VIII 1999,
A. 1. Maksimov & T. A. Maksimova; RDBK, DRBEF.

Discelium nudum (Dicks.) Brid. — Kpoc, 111, Kalevala PNP, village of Sudnozero, in a clay ditch, 18 VI 1997,
M. A. Boichuk; near Sudnozero, in a clay ditch, 23 VI 1997, M. A. Boichuk. RDBK, RDBEF.

*Drepanocladus tenuinervis T. Kop. — Ks, I: Paanajarvi NP (Halonen & Ulvinen, 1996).

*Fissidens pusillus (Wils.) Milde — Kol, X: Petrozavodsk, River Lososinka, on coarse rocks in the river channel, 20 X 1995,
29 X 1995, A. 1. Maksimov & T. A. Maksimova. RDBEF.

Fontinalis squamosa Hedw. — Kk, 11I: Kalevala PNP, Latvozero, sq. 188, in the water of Lake Sredneye Latvo, 1997,
M. A. Boichuk. RDBK, RDBEF.

*Gymnostomum boreale Nyholm et Hedenaes. — Ks, I: Paanajérvi NP (Nyholm & Hedends, 1986; Halonen & Ulvinen,
1996). RDBEF.

*Hygrohypnum smithii (Sw. ex Lilj.) Broth. — Kpoc, I1I: Kostomuksha Strict Reserve, River Kamennaya (Tsar-porog), on
water-covered rocks, 26 VII 1998, M. A. Boichuk.

Hypnum vaucheri Lesq. — Ks, 1. Paanajirvi NP, Krasnaya Skala (dolomite), on south-facing slopes, 19 IV 1990,
A. 1. Maksimov. RDBK, RDBEF.

Neckera pennata Hedw. — Kol, X: village of Novaya Vilga, green-moss spruce stand mixed with aspen near Sambalskoye
Mire, on aspen bark, 24 VIII 1999, A. 1. Maksimov & T. A. Maksimova. K/, XII: Ladoga Skerries PNP, near Hiitola, north-
western end of Rasinselka Bay, Oxalis spruce stand with Hepatica nobilis on the east-facing slope of a hill, at the foot of aspen
trees, VIII 1999, A. 1. Maksimov & T. A. Maksimova; 1 km NW of the end of Rasinselka Bay, reedgrass-goutweed-lily of the
valley aspen stand on the northeastern slope of a ridge, at the foot of aspen trees, VIII 1999, A. 1. Maksimov & T. A. Maksimova.
RDBK, RDBEF.

*Oligotrichum hercynicum (Hedw.) DC. in Lam. et DC. — Kpoc, III: Kalevala PNP, Ladvozero area, on the roadside, 10
VIII 1997, M. A. Boichuk; on a 30 km long strip 2 km from the Finnish border, 18 VIII 1997, M. A. Boichuk; Kostomuksha Strict
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Reserve, northeastern part, sq. 107, on the roadside, 22 VII 1998, M. A. Boichuk; in the vicinity of Kostomuksha, on the side of an
old road leading to Kurkkijérvi, 21 VII 1998, M. A. Boichuk; Tuulos PNP, Vostochny Farm, roadside, 22 VI 2000, O. L. Kuznetsov.
Kpoc, V: near Lake Yelmozero, Shalgovaary-Kuznavolok, on the side of a road near a recently deforested area, with sporogonia,
11 VIII 2000, A. 1. Maksimov & T. A. Maksimova.

*Orthotrichum affine Brid. — Kk, 11: Kandalaksha Strict Reserve, Kem-ludas (Belkina & Likhachev, 1997).

*Orthotrichum pylaisii Brid. — Kk, 11: same environment as the previous species.

Orthotrichum urnigerum Myr. — KI, XII: Ladoga Skerries PNP, Sortavala: Zaozerny, on southwest-facing rocks, 6 V 1995,
A. 1. Maksimov. With sporogonia. RDBK, RDBEF.

Philonotis arnellii Husn. — Kon, VII: Ussuna, northeastern shore of Lake Sundozero, in a flowing groundwater zone at the
foot of a carbonate cliff, on lake shore rocks, 19 VI 2000, A. I. Maksimov & T. A. Maksimova. RDBK, RDBEF.

*Plagiomnium medium spp. curvatulum (Lindb.) T. Kop. (Plagiomnium curvatulum (Lindb.) Schljak.) — Ks, I: Paanajarvi
NP (Halonen & Ulvinen, 1996). Kk, 11: Kandalaksha Strict Reserve, Kem-ludas (Belkina & Likhachev, 1997).

*Plagiothecium nemorale (Mitt.) Jaeg. — Kon, VII: Kivach Strict Reserve, Lake Munozero (Maksimov et al., 1995). K/, XII:
Ladoga Skerries PNP, Paksuniemi peninsula on the north shore of Kirjavalahti Bay, steep north-facing rock under a spruce canopy,
on fine earth, 05 VIII 1999, A. 1. Maksimov & T. A. Maksimova.

Platygyrium repens (Brid.) Schimp. in B. S. G. — K/, XII: Ladoga Skerries PNP, Ristijérvi urochishche (1.7 km north of
Kirjavalahti Bay), on fine earth at the foot of a rock as a small-scale admixture to a sod layer formed by Brachythecium reflexum,
VIII 1999, A. I. Maksimov & T. A. Maksimova. RDBEF.

* Pohlia andalusica (Hoehnel) Broth. — Kpoc, I1I: Kostomuksha Strict Reserve, northern part (end of a fenological itiner-
ary), raised bog, hummock, 3 VIII 1995, M. A. Boichuk; Tuulos PNP, Vostochny Farm, wet shore of Lake Tuulos, 22 VI 2000,
0. L. Kuznetsov; northern bank of the River Luzhma, mixed with Pohlia nutans on the rocks, 26 VI 2000, O. L. Kuznetsov. Kb,
VI: Tolvajérvi Reserve, bilberry-green moss spruce stand, the exposed east-facing root of a spruce tree, mixed with Schistostega
pennata, 27 VII 1998, A. 1. Maksimov.

*Pohlia annotina (Hedw.) Lindb. — Kol: XI: Town of Matrosy, Pryazha district (Chernyadyeva, 1997). RDBEF.

*Polytrichastrum alpinum var. fragile (Bryhn) Long — Kk, I1: Keret Reserve, Pezheostrov Island, steep cliffs, 11 VIII 1998,
A. 1. Maksimov. Kpoc, IV: White Sea, Shuiostrovsky Reserve, north- and northeast-facing rocks, 3 VIII 1998, A. 1. Maksimov.

*Polytrichum longisetum var. anomalum (Milde) Hag. — Kpoc, III: Tuulos PNP, near the village of Tuulos, horsetail-
Sphagnum spruce stand, on the exposed root of a spruce tree, 5 VIII 1994, O. L. Kuznetsov.

Pseudephemerum nitidum (Hedw.) Loeske. — Ko/, XI: village of Kindasovo, Shuya river bank, on exposed clay soil down
the southwest-facing slope toward the river, 12 IX 1995; 23 VII 1996, A. 1. Maksimov & T. A. Maksimova. RDBK, RDBEF.

Pseudotaxiphyllum elegans (Brid.) Iwats. — Kpoc, I1I: Kalevala PNP, village of Sundozero, on bedrock exposures, 22 VI
1997, M. A. Boichuk. K/, XII: Ladoga Skerries PNP, near the Hiitola, northwestern end of Rasinselka Bay, steep cliffs (southwest-
facing felsic rock outcrops) slightly shaded by pine and birch trees, on fine earth covered rocks, VIII 1999, A. 1. Maksimov &
T. A. Maksimova; 0.5 km northwest of the Paksuniemi Peninsula, Kirjavanlahti Bay, steep SW oriented cliffs facing the bay, the
middle portion of a dry slope, on fine earth covered rocks, VIII 1999, A. I. Maksimov & T. A. Maksimova. RDBK, RDBEF.

Racomitrium heterostichum (Hedw.) Brid. — KI, XII: Ladoga Skerries PNP, environs of Hiitola, northwestern end of
Rasinselka Bay, steep southwest-facing felsic rock cliffs slightly shaded by pine and birch trees, on fine earth covered rocks, 01
VIII 1999, A. 1. Maksimov & T. A. Maksimova; western end of the Kirjavanlahti Bay, Orjatjoki urochishche, steep west-facing
cliffs under a coniferous tree canopy, the middle portion of the cliff, on fine earth covered rocks, 06 VIII 1999, A. 1. Maksimov &
T. A. Maksimova. RDBK, RDBEF.

Rhabdoweisia fugax (Hedw.) Bruch et Schimp. in B. S. G. — K/, XII: near Hiitola, found at the same locality as the previ-
ous species, 01 VIII 1999, A. I. Maksimov & T. A. Maksimova. RDBK, RDBEF.

Rhynchostegium riparioides (Hedw.) C. Jens. — Ks, I: Paanajérvi NP, northern bank of the River Mantyjoki, 0.5 km from
the river mouth, on water-covered rocks, 18 VII 1997, A. 1. Maksimov. Ko/, XI: 6 km northeast of Vidlitsa, River Vidlitsa, on dry
rocks in the river channel, 29 VII 1999, A. 1. Maksimov & T. A. Maksimova. RDBK, RDBEF.

*Sanionia orthothecioides (Lindb.) Loeske — Kpoc, IV: White Sea, Shuiostrovsky Reserve, Sosnovets Island, a wet ravine
on gabbroid exposures, 6 VIII 1998, A. 1. Maksimov; Shuiostrov Island, at the coastal grassland-crowberry birch stand boundary,
6 VIII 1998, A. 1. Maksimov.

Seligeria brevifolia (Lindb.) Lindb.- K, I: Paanajérvi NP, Pieni-Nierijaisjdrvi, on dolomite outcrops near a mire, 6 VII 1996,
A. 1. Maksimov. RDBK, RDBEF.

*Seligeria campylopoda Kindb. in Macoun — K/, XII: Priladozhye, Suistamo (Wahlberg, 1998). RDBEF.

Sphagnum denticulatum Brid. — Kpoc, 11I: Kalevala PNP, near the village of Nizhnyaya Labuka, Lake N. Labuka, in the
water at a depth of 0.5 m, 11 VII 2000, O. L. Kuznetsov; Tuulos PNP, west of Lake Tuulos, Aapa-zmeika Mire, outflowing ground
water, 6 VIII 1994, O. L. Kuznetsov; Koroppi River flood plain near the village of Tuulos, Carex lasiocarpa + Sphagnum papillo-
sum, 31 VIII 1997, A. 1. Maksimov; in the vicinity of Komettovaara, 3 km south, a creek extending along the engineering facili-
ties, 22 VI 2000. O. L. Kuznetsov; Kostomuksha Strict Reserve, in the proposed extension zone near the northern boundary, lamba
shore, in water, 20 VII 1998, M. A. Boichuk; Kb, VI; Tolvajérvi Reserve, eastern shore of Lake Hirvasjarvi, 31 VIII 1999,
O. L. Kuznetsov; RDBK, RDBEF.

*Sphagnum isoviitae Flatb. — Kpor, IV: White Sea, Shuiostrovsky Reserve, Shuiostrov Island, mesotrophic sedge fen
between ombrotrophic and mesotrophic patches in the middle of a mesotrophic mire, 5 VIII 1998, A. 1. Maksimov.

*Sphagnum molle Sull. — Kb, VI: Koitajoki PNP, Kuolisma, Lake Kuivajirvi, on a transition bog in molinia-sedge-cotton-
grass-Sphagnum cenoses near the shore, 15 VIII 1992, A. I. Maksimov. K/, XII: former Hiisjarvi NP, Lake Hiisjarvi, 10 VII 1998,
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A. 1. Maksimov; Pitkaranta district, Lake Sargsjérvi, sandy shore, small patches among Molinia caerulea in the surf zone, 6 VII
1998, A. 1. Maksimov & O. L. Kuznetsov. Red Data Book of the USSR (1984), RDBK, RDBEF.

Sphagnum subnitens Russ. et Warnst. ex Warnst. — Kpoc, I11: Tuulos PNP, near Lake Tuulos, Aapa-zmeika, springs on the
mire margin, 6 VIII 1994, O. L. Kuznetsov; Koroppi river bank, on soil, 29 VII 1997, A. I. Maksimov; Kostomuksha Strict Reserve,
near the eastern boundary, paludified bank of the River Munanka, 4 VIII 1995, M. A. Boichuk. RDBK, RDBEF.

Tayloria lingulata (Dicks.) Lindb. — Ks, I: Paanajarvi NP, 14 VIII 1988, A. 1. Maksimov. RDBK, RDBEF.

Tortula norvegica (Web. f.) Wahlenb. ex Lindb. — Kpor, V: southern shore of Lake Yelmozero, ex-Baranova Gora, lime
grass meadow, on soil, 13 VIII 2000, A. I. Maksimov & T. A. Maksimova. RDBK, RDBEF.

*Ulota crispa (Hedw.) Brid. — Kpoc, 11I: Kostomuksha Strict Reserve, 0.5 km east of Tsar-porog on the River Kamennaya,
on a large boulder, 26 VII 1998, M. A. Boichuk.

*Warnstorfia pseudostraminea (C. Muell.) Tuom. et T. Kop. — Kpoc, 11I: Kalevala PNP, near the village of Sudnozero, bil-
berry spruce stand growing along the Pridorozhnoye Mire margin, a wet sink, 3 VIII 1995, M. A. Boichuk. Kb, VI: Koitajoki PNP,
Lake Kangasjérvi, mixed creek-bank forest, a low between the roots of trees, 9 VIII 1997, A. I. Maksimov. RDBEF.

3.3. Aphyllophoroid fungi in forest ecosystems

Introduction. Aphyllophoroid fungi (order Aphyllophorales) form part of the heterotrophic component of
forest ecosystems and are essential for their functioning as well as being actively involved in the decomposition and
re-synthesis of organic matter. Furthermore, wood-inhabiting macromycetes are recognised as important indicators of
the condition of forest ecosystems (Kotiranta & Niemeld, 1996).

The first information concerning aphyllophoroid fungi in East Fennoscandia dates as far back as the late 19th
century (Nylander, 1859; Karsten, 1876, 1899). However, the basis for the study of Karelian mycobiota is provided by
research performed during the 1920-1924 Olonets Scientific Expedition. This research team analysed material col-
lected and compiled a list of fungi and myxomycetes found in Karelia (Lebedeva, 1933). During the 1930s and 40s a
significant contribution to the study of Karelian mycobiota was made by M.V. Freindling (1949). In the 1930s aphyl-
lophoroid fungi were also studied in northwestern Karelia which until 1940 formed a part of the Finnish province
Kuusamo. The Finnish mycologist Laurila made up a list of basidiomycetes (Laurila, 1939) with brief descriptions
based on his own collections. Laurila identified 16 aphyllophoroid fungus species in Karelia. The most complete
review of Karelian fungi was made by V.I. Shubin and V. 1. Krutov in their paper “Fungi in Karelia and the Murmansk
Region” (1979). This study listed a total of 118 aphyllophoroid fungus species for Karelia. This group of
macromycetes was later studied in some detail in the Kivach Nature Reserve (Rodionova, 1973; Bondartseva &
Svishch, 1993 and others). Karelia’s aphyllophoroid fungi have long been of interest to Finnish mycologists (Salo,
1986; Lindgren, 1996, 1997a, b, 2001; Niemeld et al., 2001).

Materials and methods. During the period 1992-1999 the present authors analysed a large number of aphyl-
lophoroid fungi sampled from protected areas, in territories to be protected and elsewhere in Karelia. The authors wish
to thank L. G. Svishch (Botanical Institute, RAS), S.N. Kiviniemi and A.V. Ruokolainen (Forest Research Institute,
KRC, RAS) for making their collections available for analysis. The species composition of aphyllophoroid fungi was
mainly studied in the field where their substrates and habitats were identified. Herbaria collected in Russian Karelia
and kept in the archives of the mycological herbaria in the V. L. Komarov Botanical Institute (LE), in the Botanical
Museum of the Finnish Museum of Natural History, University of Helsinki, Finland (H), and in the Petrozavodsk State
University were also examined.

Results. The present survey employed available literature and herbaria as well as our own data. In total,
404 aphyllophoroid fungus species of 150 genera, 44 families and 11 orders were identified for Russian Karelia
(Table 21).

Until recently taxonomic analysis of this group of fungi had mainly been based on the system proposed by
Donk (Donk, 1964) according to which all aphyllophoroid fungi are classified as belonging to the order
Aphyllophorales Rea. although the artificial nature of this taxonomic grouping has been repeatedly emphasised by
Donk. The idea of subdividing aphyllophoroid fungi into a number of groups was supported by studies of the chemi-
cal composition of fungi carried out during the past few years (Hibbert, 1992; Hibbert & Donohue, 1995; Swann &
Taylor, 1995; Boidin et al., 1998; Hallenberg & Parmasto, 1998). When taxonomically analysing a group of
macromycetes we followed the system set out in the eighth edition of the Ainsworth & Bisby Dictionary of Fungi
(Hawksworth et al., 1995) although we also incorporated certain modifications in our approach (Bondartseva, 1998;
Boidin et al., 1998; Feibelman et al., 1997; Parmasto, 1995; Stalpers, 1993). According to standard practice we also
listed Aporpium caryae (Schwein.) Teixera & D.P. Rogers (family Aporpiaceae). Thus, the orders Stereales, Poriales,
Cantharellales and Hymenochaetales comprise Karelia’s most common aphyllophoroid fungi. Two of these orders
account for practically all Corticiaceae while Poriaceae make up about 70% of all species. The aphyllophoroid fun-
gus biota of Karelia is dominated by the families Poriaceae (103 species), Hyphodermataceae (36 species),
Hymenochaetaceae (31 species) and Meruliaceae (29 species). Each family contains an average of 9.2 species and 3.4
genera while each genus in turn contains an average of 2.7 species. The largest genera are Phellinus s. lato (19 species),
Antrodia s. lato (15), Hyphodontia s. lato (14), Oligoporus s. lato (13), Skeletocutis s. lato (12), Polyporus s. lato (10),
Peniophora s. lato (9) and Ramaria s. lato (9). A large number of species in such typical boreal genera as Antrodia,
Oligoporus and Skeletocutis indicates that Karelian mycobiota is boreal in character.
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Table 21

Taxonomy of the aphyllophoroid fungi recorded in Russian Karelia

Orders and families (number of genera/species) |

Genera (number of species)

BOLETALES (4/12)

Coniophoraceae (4/12) | Coniophora (4), Leucogyrophana (5), Pseudomerulius (1), Serpula (2)
CANTHARELLALES (14/39)

Albatrellaceae (1/3) Albatrellus (3)

Cantharellaceae (2/3) Cantharellus (2), Craterellus (1)

Clavariaceae (3/9) Clavaria (4), Clavulinopsis (4), Ramariopsis (1)

Clavariadelphaceae (1/6) Clavariadelphus (6)

Clavulinaceae (1/2) Clavulina (2)

Gomphaceae (1/1) Gomphus (1)

Hydnaceae (1/2) Hydnum (2)

Lentariaceae (1/2)

Lentaria (2)

Ramariaceae (1/9)

Ramaria (9)

Sparassidaceae (1/1)

Sparassis (1)

Typhulaceae (1/1) Pistillaria (1)
GANODERMATALES (1/2)

Ganodermataceae (1/2) [ Ganoderma (2)
HERICIALES (9/14)

Auriscalpiaceae (2/2)

Auriscalpium (1), Gloiodon (1)

Clavicoronaceae (1/1)

Clavicorona (1)

Gloeocystidiellaceae (3/8)

Conferticium (2), Gloeocystidiellum (5), Laxitextum (1)

Hericiaceae (3/3)

Creolophus (1), Dentipellis (1), Hericium (1)

HYMENOCHAETALES (7/32)

Asterostromataceae (1/1)

Asterodon (1)

Hymenochaetaceae (6/31)

Coltricia (1), Hymenochaete (3), Inonotus (4), Onnia (3), Phellinus (19), Phylloporia (1)

LACHNOCLADIALES (3/5)

Dichostereaceae (1/1)

Dichostereum (1)

Lachnocladiaceae (2/4)

Scytinostroma (3), Vararia (1)

PORIALES (43/124)

Climacodontaceae (1/1) Climacodon (1)

Poriaceae (33/103) Amylocystis (1), Anomoporia (1), Antrodia (15), Antrodiella (5), Bjerkandera (2),
Ceriporiopsis (4), Cerrena (1), Climacocystis (1), Coriolopsis (1), Daedaleopsis (3),
Datronia (2), Diplomitoporus (3), Fibuloporia (1), Fomes (1), Fomitopsis (2),
Gloeophyllum (5), Hapalopilus (2), Haploporus (1), Heterobasidion (2), Ischnoderma
(2), Laetiporus (1), Lenzites (1), Leptoporus (1), Oligoporus (14), Perenniporia (1),
Piloporia (1), Pycnoporus (1), Skeletocutis (12), Spongipellis (1), Trametes (6),
Trichaptum (4), Tyromyces (3)

Phaeolaceae (2/2) Phaeolus (1), Pycnoporellus (1)

Polyporaceae (3/12) Dichomitus (1), Piptoporus (1), Polyporus (10)

Rigidoporaceae (4/6) Ceriporia (2), Oxyporus (2), Physisporinus (1), Rigidoporus (1)

SHIZOPHYLLALES (3/3)

Schizophyllaceae (2/2)

Henningsomyces (1), Schizophyllum (1)

Stromatoscyphaceae (1/1)

Stromatoscypha (1)

STEREALES (58/148)
Amylocorticiaceae (3/3) Amylocorticium (1), Irpicodon (1), Plicatura (1)
Atheliaceae (7/19) Athelia (5), Byssocorticium (2), Ceraceomyces (5), Fibulomyces (2), Leptosporomyces

(1), Piloderma (2), Tylospora (2)

Botryobasidiaceae (2/7)

Botryobasidium (6), Botryohypochnus (1)

Corticiaceae s. str . (4/5)

Corticium (2), Cytidia (1), Punctularia (1), Vuilleminia (1)

Hyphodermataceae (13/36)

Amphinema (1), Basidioradulum (1), Bulbillomyces (1), Crustoderma (1),
Cylindrobasidium (1), Hyphoderma (6), Hyphodontia (14), Hypochnicium (5),
Intextomyces (1), Odonticium (1), Radulomyces (1), Schizopora (2), Subulicystidium (1)

Meruliaceae (11/29)

Byssomerulius (2), Chondrostereum (1), Dacryobolus (2), Gloeoporus (2), Merulius
(1), Mycoacia (2), Phanerochaete (6), Phlebia (8), Phlebiopsis (1), Resinicium (2),
Scopuloides (1)

Peniophoraceae (1/9)

Peniophora (9)

Podoscyphaceae (1/1)

Stereopsis (1)

Sistotremataceae (3/10)

Sistotrema (4), Sistotremastrum (2), Trechispora (4)

Steccherinaceae (4/8)

Cystostereum (1), Irpex (1), Junghuhnia (4), Steccherinum (2)

Stereaceae (5/10)

Amylostereum (2), Chaetoderma (1), Columnocystis (1), Laurilia (1), Stereum (5)

Tubulicrinaceae (1/7)

Tubulicrinis (7)

Xenasmataceae (1/4) Phlebiella (4)

THELEPHORALES (9/27)

Bankeraceae (5/16) Bankera (1), Boletopsis (2), Hydnellum (6), Phellodon (4), Sarcodon (3)
Thelephoraceae (4/11) Pseudotomentella (1), Thelephora (1), Tomentella (8), Tomentellopsis (1)
TREMELLALES (1/1)

Aporpiaceae (1/1) Aporpium (1)

11 orders, 44 families

150 genera (404 species)
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The substrate is the single largest factor determining the presence and succession of a group of macromycetes
within a given biogeocenosis. About 85% of all aphyllophoroid macromycetes known in Karelia are wood-inhabiting
(xylotrophic) fungi. Their substrate is consists of living, dead standing or windfallen trunks, branches and stumps of
various woody species. The most common pathogenic macromycetes attacking living trees are Heterobasidion anno-
sum (Fr.) Bref. s. lato, Inonotus obliquus (Pers.: Fr.) Pilat, Onnia leporina (Fr.) H. Jahn, Phaeolus schweinitzii (Fr.)
Pat., Phellinus chrysoloma (Fr.) Donk, Ph. pini (Brot.: Fr.) A. Ames and Ph. tremulae (Bondartsev) Bondartsev &
Borisov. Most aphyllophoroid fungi are classified as saprotrophic; in other words, the destruction of dead wood is their
main ecological function in forest ecosystems. They play a leading role in practically all stages of the biological
decomposition of dead wood. Only some saprophytes such as Fomitopsis pinicola (Sw.: Fr.) P. Karst. and Ganoderma
lipsiense (Batsch) G.F. Atk. are also capable of colonising weakened living trees. Most aphyllophoroid macromycetes
prefer a broad range of coniferous or deciduous trees while species concentrating on a narrow range are relatively
scarce as too are omnivorous species. Fifteen per cent of 357 wood-decomposing species are omnivorous, i.e. they can
grow on both deciduous and coniferous trees. 131 are restricted solely to conifers and 154 species to deciduous hosts.
Species related to major forest forming trees are most prolific. Thus, for example, 121 species were found on pine, 123
on spruce, 123 on aspen, 109 on birch and 67 on alder. A certain preference pattern is exhibited by a few species such
as Antrodia infirma Renvall & Niemeld, A. primaeva Renvall & Niemeld, Diplomitoporus flavescens (Bres.)
Ryvarden, Oligoporus lateritius (Renvall) Ryvarden & Gilb., Peniophora pini (Schleich.: Fr.) Boidin, Phellinus pini
(only grow on pine), Onnia leporina (on spruce), Antrodia pulvinascens (Pilat) Niemeld, Peniophora polygonia (Pers.:
Fr.) Bourdot et Galzin, Phellinus tremulae, Polyporus pseudobetulinus (Pilat) Thorn, Kotir. & Niemeld (on aspen),
Lenzites betulina (L.: Fr.) Fr., Piptoporus betulinus (Bull.: Fr.) P. Karst. (on birch), and Cytidia salicina (Fr.) Burt (on
willow). About 14% of Karelia’s aphyllophoroid fungus species grow on the ground. This group is dominated by
Cantharellaceae and includes Albatrellus, Cantharellus and Craterellus, and Clavariaceae, species of the family
Bankeraceae being less common.

Wood-inhabiting aphyllophoroid macromycetes may be used to assess the impact of human activities on forest
ecosystems (Scientific basis ..., 1992). Their species composition in such forests is markedly impoverished, sensitive
species being replaced by the widespread eurytropic macromycetes. Highest species diversity is typically found in old
natural forest phytocenoses which are slightly affected by human activities and where large quantities of dead wood
provide a substrate for fungi (Bondartseva et al., 1994). In North Europe aphyllophoroid species dominated by shelf
fungi (Polyporaceae s. 1) are widely used as indicators of old natural forests requiring protection. As Russian Karelia
and Finland have similar climates and flora we have used the indicator scale proposed by Finnish mycologists
(Kotiranta & Niemeld, 1996) in which each selected species has its own “indicator value” (¢ = a value of 1 orse = a
value of 2 ). In all, fifty aphyllophoroid fungus species found in Karelia have been ascribed indicator status (Table 22).
Some of these, e. g. Amylocystis lapponica (Romell) Singer, Diplomitoporus crustulinus (Bres.) Domallski and
Phellinus nigrolimitatus (Romell) Bourdot & Galzin, are considered to be relicts (Bondartsev, 1953; Parmasto, 1959).

Some aphyllophoroid fungi known in Karelia exhibit irregular distribution patterns. Many species found spo-
radically or represented by a single find are classified as rare. The location of rare and indicator species is shown in
Table 22. These are the ones most susceptible to environmental changes and require a specific protection management
programme.

The Red Data Book of Karelia (1995) lists 23 fungus species including five aphyllophoroid species, namely
Clavariadelphus pistillaris (L.: Fr.) Donk, Cantharellus tubaeformis (Bull.: Fr.) Fr., Craterellus cornucopioides (L.:
Fr.) Pers., Hericium coralloides (Scop.: Fr.) Pers. and Hydnum repandum L.: Fr.. One species, Polyporus pseudobe-
tulinus is listed in the Red Data Book of East Fennoscandia (Kotiranta et al., 1998). Based on a distribution analysis
of macromycetes nine more species, i.e. Anomoporia bombycina (Fr.) Pouzar, Antrodia pulvinascens, Aporpium
caryae, Dentipellis fragilis (Pers.: Fr.) Donk, Dichomitus squalens (P.Karst.) D. A. Reid, Ganoderma Ilucidum
(M. A. Curtis: Fr.) P.Karst., Polyporus pseudobetulinus — category 3 (rare) — and Punctularia strigosozonata
(Schwein.) P.H.B. Talbot and Tyromyces fissilis (Berk. & M.A. Curtis) Donk — category 4 (indeterminate) — have been
recommended for protection in Karelia. A proposal was made to remove one species, Hericium coralloides from the
list of protected species to be published in the next edition of the Red Data Book of Karelia as this is fairly common
in habitats affected by human activities and other environments.

One of the main ways of protecting rare fungus species is to establish protected areas by prohibiting commer-
cial activities in forests with undisturbed ecosystems. Such areas are established in order to preserve the gene pool of
living organisms and are used as model natural ecosystems in which ecological and biological monitoring can be con-
ducted (Belousova, 1992). In order to develop protection programmes and to present convincing ecological arguments
in favour of the establishment of protected areas it is necessary to assess the biological diversity of individual groups
of organisms and the extent of their restriction to certain biogeocenological environments as well as to identify rare
species and their habitats.

An inventory was undertaken of all aphyllophoroid fungi identified in nature reserves, national parks and other
strictly protected areas (Table 22). The largest number of aphyllophoroid macromycetes was reported from the Kivach
Strict Nature Reserve which is typical in character of the Karelian mid-taiga subzone. Altogether 272 aphyllophoroid
fungus species are known in the reserve (Freindling, 1949; Rodionova, 1973; Salo, 1986; Bondartseva & Svishch,
1993; Bondartseva et al., 1996; Lositskaya et al., 2001; and others). Twenty-eight species out of these 272 are indica-
tors and yield a total indicator value of 34 (indicating well preserved forests). It should also be noted that the Kivach



FLORA AND FAUNA OF TERRESTRIAL ECOSYSTEMS: CHARACTERISTICS AND VARIATION TRENDS 105

Table 22
Rare and indicator species of aphyllophoroid fungi in the Republic of Karelia
Biogeographical provinces
Species Substrate | Ks [ Kk+ Kpor| Kpoc Kon Kton |Kb| Kl Kol
a b cldlel f[g]h i jlk[1] m

Amylocorticium subincarnatum (Peck) Pouzar S +
oo Amylocystis lapponica (Romell) Singer S + + + |+ + | + + + ] +
e Anomoporia bombycina (Fr.) Pouzar conif + | +
oo Antrodia albobrunnea (Romell) Ryvarden conif + |+ +
oo . crassa (P. Karst.) Ryvarden conif + +
oo . infirma Renvall & Niemeld conif + +
A. mellita Niemeld & Penttild As + +
oo 4. primaeva Renvall & Niemeld P + +
o A. pulvinascens (Pilat) Niemeld As + +
oo dntrodiella citrinella Niemeld & Ryvarden S + |+ +
Aporpium caryae (Schwein.) Teixera & D.P. Rogers B + + +
e Asterodon ferruginosus Pat. As,B,P,S | + + | + + |+ + +
Byssocorticium atrovirens (Fr.) Bondartsev & Singer B +
Byssomerulius rubicundus (Litsch.) Parmasto P,S +
*Cantharellus tubaeformis Bull.: Fr. soil + + + [ +
Ceraceomyces violascens (Fr. : Fr) Jiilich P +
eChaetoderma luna (Romell ex Rogers & H. S. Jacks.) Parmasto |P, S + + + + +
**Clavariadelphus pistillaris (L.: Fr.) Donk litter + +
*Craterellus cornucopioides (L.: Fr.) Pers. soil +
oCrustoderma dryinum (Berk. & M.A. Curtis) Parmasto S + + |+ +
oo Cystostereum murraii (Berk & M.A. Curtis) Pouzar S +
Dentipellis fragilis (Pers.: Fr.) Donk As + + +
eeDichomitus squalens (P. Karst.) D.A. Reid P + + [+ +
eeDiplomitoporus crustulinus (Bres.) Domarnski S + + |+ +
D. lindbladii (Berk.) Gilb. & Ryvarden P,S + + +
e Fomitopsis rosea (Alb. & Schwein.: Fr.) P. Karst. S + + + |+ +#H|+ ]+ + + [ +
Ganoderma lucidum (M.A. Curtis : Fr.) P. Karst. Larix +
eeGloeophyllum protractum (Fr.) Imaz. P + + |+ # | + +
®Gloeoporus taxicola (Pers.: Fr.) Gilb. & Ryvarden P,S + + [+ + |+ +
eGloiodon strigosus (Schwein.: Fr.) P. Karst. As + [+ +
Gomphus clavatus (Pers.: Fr.) Gray soil
Haploporus odorus (Sommerf.: Fr.) Bondartsev & Singer Sal + + + (+)
**Hericium coralloides (Scop.: Fr.) Pers. AlLAs,B | + + [+ (H) | + + |+ + | +
o[rpicodon pendulus (Fr.) Pouzar conif +
eeJunghuhnia collabens (Fr.) Ryvarden S + + |+ [+] + +
oJ. luteoalba (P. Karst.) Ryvarden P,S + + |+ + + |+ +
J. separabilima (Pouzar) Ryvarden As +
oo qurilia sulcata (Burt) Pouzar S +
o Leptoporus mollis (Pers.: Fr.) Pilat P,S + + [+ # | + + +
Mpycoacia aurea (Fr.) J. Erikss. & Ryvarden As +
oQdonticium romellii (S. Lundell) Parmasto P + +
oOligoporus guttulatus (Peck) Gilb. & Ryvarden S + +
o). hibernicus (Berk. & Broome) Gilb. & Ryvarden P,S + [+
Q. lateritius (Renvall) Ryvarden & Gilb. P + |+ +
0Q0. leucomallellus (Murrill) Gilb. & Ryvarden S + |+ + +
*Q. placentus (Fr.) Gilb. & Ryvarden P + |+ [+ +
o). sericeomollis (Romell) Bondartseva P,S + [+ + +
oOnnia leporina (Fr.) H. Jahn S + + + + +
Peniophora septentrionalis Laurila S +
e Perenniporia subacida (Peck) Donk As, S + + |+ + + | + +
®Phaeolus schweinitzii (Fr.) Pat. Larix, P +(#) + +
ePhellinus chrysoloma (Fr.) Donk P,S + + + |+ ++] + |+ +
oPh. ferrugineofuscus (P. Karst.) Bourdot P,S + + il Bl I M O O O +
oPh. lundellii Niemeld Al B + + |+ |+ + | + + | +[+]+] +
o Ph. nigrolimitatus (Romell) Bourdot & Galzin S + + [+ + |+ + |+
oPh. pini (Brot.: Fr.) A. Ames P + + + |+ [+ + + [+ ]+ ]+
oPh. viticola (Schwein.: Fr.) Donk P,S + + [+ ]|+ + [+ + |+ +
oo Phlebia centrifuga P. Karst. P, S + + + | + +
eePh. cornea (Bourdot & Galzin) J. Erikss. P +
oPh. cretacea (Bourdot & Galzin) J. Erikss. & Hjortstam P,S + + + +
oPh. serialis (Fr.) Donk S (+) +
Piloporia sajanensis (Parmasto) Niemeld conif +
***Polyporus pseudobetulinus (Pilat) Thorn, Kotir. & Niemeld As + + +
P. tubaeformis (P.Karst.) Ryvarden & Gilb. As +
**P. umbellatus Fr. soil +
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End. table 22

Biogeographical provinces
Species Substrate | Ks [ Kk+Kpor| Kpoc Kon Kton |Kb| Kl Kol
a b cldfe|l f [g]|h i jlk[1] m

oPseudomerulius aureus (Fr.: Fr.) Jiilich P + +
Punctularia strigosozonata (Schwein.) Talbot As +
o Pycnoporellus fulgens (Fr.) Donk S &+ +] + + [ +
Rigidoporus crocatus (Pat.) Ryvarden As, B, S + [+ +
Sistotrema confluens Pers.: Fr. soil +
o Sistotremastrum suecicum Litsch. ex J. Erikss. P + + |+ [+ + | + + +
eeSkeletocutis jelicii Torti¢ & A. David conif +
oeS. Jenis (P. Karst.) Niemeld As, P + + |+ + | + + +
oS. odora (Sacc.) Ginns As, S + + [+ + +
oeS. stellae (Pilat) Jean Keller conif + +
o**Sparassis crispa (Wulfen : Fr.) Fr. soil +
Spongipellis spumeus (Sowerby : Fr.) Pat. As +
eeTyromyces canadensis Overh. ex J. Lowe wood +
T. fissilis (Berk. & M.A. Curtis) Donk B +

Note. Floristic provinces: Ks = Kuusamo; Kk = Karelia keretina; Kpor = Karelia pomorica orientalis; Kpoc = Karelia pomorica
occidentalis; Kon = Karelia onegensis; Kton = Karelia transonegensis; Kb = Karelia borealis; Kl = Karelia ladogensis; Kol = Karelia
olonetsensis.

Symbols used for localities: a = Paanajérvi National Park; b = White Sea islands; ¢ = Kostomuksha Reserve; d = Kalevala National
Park; e = Lake Maslozero area, Medvezhyegorsk district; (+) = Lake Segozero (Lebedeva, 1933) and Lake Rugozero (H) areas; f = based
on herbaria and literature; Vichka Station and Krivijarvi Station areas (H), (+) = Marsian Waters, Lake Sandal area, Hyrsyla area (LE),
(#) = Semchezero and Lake Porosozero areas (H); g = Kivach Reserve; h = Kizhi Archipelago; i = Vodlozero National Park; j = Tolvajérvi
Forest Estate, (+) = Suojdrvi area; k = northern Priladozhye; | = Valaam Archipelago; m = Matrosy Forest Estate, (+) = Petrozavodsk area,
Pedaselga, Ilyinskoye (LE).

Symbols preceding the name of species: *= indicator species for old and ** = very old forests (Kotiranta & Niemela, 1996); * = species
listed in the Red Data Book of Karelia (1995); ** = species listed in the Red Data Book of RSFSR (1988); *** = species listed in the Red Data
Book of East Fennoscandia (Kotiranta et al., 1998).

Symbols used for the substrates on which species were collected: Ac = Acer spp.; Al = Alnus spp.; As = Populus tremula; B = Betula
spp.; Junip = Juniperus communis; fungi = on old basidiomata of macromycetes; L = Larix spp.; P = Pinus sylvestris; S = Picea spp.; Pad =
Padus racemosa; Sor = Sorbus aucuparia; Ul = Ulmus spp.; Q = Quercus robur; Sal = Salix spp.; conif = on coniferous trees; litte = on the lit-
ter; soil = on the soil.

Reserve is the only habitat in Karelia for 35 macromycete species including the rare and interesting macromycetes
Amylocorticium subincarnatum (Peck) Pouzar, Byssocorticum atrovirens (Fr.) Bondartsev & Singer, Junghuhnia
separabilima (Pouzar) Ryvarden, Oligoporus undosus (Peck) Gilb. & Ryvarden, Punctularia strigosozonata,
Sistotrema confluens Pers.: Fr.,, and Tyromyces fissilis.

Incorporating the Kizhi Reserve Museum, the Kizhi Skerries Reserve consists of a number of islands affect-
ed to varying degrees by human activities. It contains 66 aphyllophoroid fungus species (Bondartseva et al., 1997,
1999; Kozlov et al., 1999). The number of species is much higher on B. Klimenetsky Island than on Kizhi Island
because the former is larger and its natural ecosystems are far better preserved as is evidenced by the presence of the
indicator and rare species Junghuhnia collabens (Fr.) Ryvarden, Phellinus ferrugineofuscus (P. Karst.) Bourdot &
Galzin, Phlebia centrifuga P. Karst., Pycnoporellus fulgens (Fr.) Donk, Rigidoporus crocatus (Pat.) Ryvarden and
Trichaptum biforme (Fr.) Ryvarden.

The Valaam Archipelago Nature Park lies in the northern part of Lake Onega and contains a unique combi-
nation of natural factors and ecosystems. Its climate favours the evolution of a nemoral biota complex containing
numerous species known only to southern Karelia. The Valaam Archipelago is populated by 116 fungus species from
the group studied (Ecosystems of Valaam ..., 1989; Lositskaya, 1997) including 17 indicator species. Of the greatest
interest are Antrodia pulvinascens, Aporpium caryae, Ceriporia viridans (Berk. & Broome) Donk, Cantharellus
tubaeformis, Creolophus cirrhatus (Pers.: Fr.) P. Karst., Dentipellis fragilis, Diplomitoporus lindbladii (Berk.) Gilb. &
Ryvarden and Perenniporia subacida (Peck) Donk. This is the only habitat in Karelia of the rare species Ganoderma
lucidum and Sparassis crispa (Wulfen : Fr.) Fr.

The Vodlozero National Park is located in eastern Karelia and extends partly into the Archangelsk Region.
The park lies in the north and mid-taiga subzones, the larger part of its area consisting of mid-taiga green-moss conif-
erous forests. It has not previously been mycologically studied. Together with Finnish data our results (Penttild oral
presentation) indicate that the park is presently inhabited by 88 aphyllophorales species (mostly polypores). Of these
31 are indicator species which yield a total indicator value of 40 and thus indicate the well preserved nature of its for-
est ecosystems. The park contains one habitat of Polyporus pseudobetulinus which is listed in the Red Data Book of
East Fennoscandia (Kotiranta et al., 1998).

Established in order to preserve a fragment of typical north taiga in European Russia, the Kostomuksha Strict
Nature Reserve is dominated by old growth pine forests. It hosts 153 macromycete species (Lindgren, 1996; Krutov
et al., 1998; Lositskaya et al., 1999). The thirty-two indicator species identified had a total indicator value a total of



FLORA AND FAUNA OF TERRESTRIAL ECOSYSTEMS: CHARACTERISTICS AND VARIATION TRENDS 107

41 and thus confirmed the high conservation value of the forests of the reserve. The most interesting of the rare species
found here are Anomoporia bombycina (Fr.) Pouzar, Antrodia primaeva, Antrodiella citrinella Niemeld & Ryvarden,
Byssocorticium molliculum (Bourdot) Jilich and Gloiodon strigosus (Schwein.: Fr.) P. Karst.

Soon to be established, the Kalevala National Park also lies in the north-taiga subzone of Karelia and is dom-
inated by primeval forest communities. It is home to 108 aphyllophoroid fungi (Lindgren, 1997b; Krutov et al., 1998)
including 36 indicator species. The park is superior with respect to the total indicator value of its indicator species (51)
to all other strictly protected nature areas in Karelia and therefore ranks as a unique massif which should be preserved
intact. The occurrence of the rare species Dentipellis fragilis, Diplomitoporus flavescens, D. lindbladii and Polyporus
pseudobetulinus together with Karelia’s only finds of Piloporia sajanensis (Parmasto) Niemeld and Tyromyces
canadensis Overh. ex J. Lowe provides a convincing argument in favour of the protection of this territory.

Another unique area in Karelia is the Paanajirvi National Park. This north-taiga region of Fennoscandia with
extensive tracts of more or less virgin spruce forest has been virtually unaffected by human activities and its ecosys-
tems have retained almost all of their intrinsic features. The park is characterised by low hills. The Finnish mycolo-
gist M. Laurila (Laurila, 1939) was the first to collect aphyllophoroid fungi here before the Second World War. The
park is populated by 131 aphyllophoroid fungus species (Lositskaya, 2000) and provides the only habitats known in
Karelia for Byssomerulius rubicundus (Litsch.) Parmasto, Cystostereum murraii (Berk. & M.A. Curtis) Pouzar,
Intextomyces contiguus (P. Karst.) J. Erikss. & Ryvarden, Peniophora septentrionalis Laurila and Polyporus tubae-
formis (P. Karst.) Ryvarden & Gilb. So far 26 indicator species have been identified.

The Tolvajirvi Landscape Reserve has a population of 122 aphyllophoroid fungus species, ten species acting
as indicators. The finds of some species including Amylostereum laevigatum (Fr.) Boidin, Athelia acrospora Julich, A.
neuhoffii (Bres.) Donk, Ceraceomyces tessulatus (Cooke) Jilich, Gloeocystidiellum citrinum (Pers.) Donk, Lentaria
afflata (Lagget) Corner, Radulomyces confluens (Fr.) M.P. Christ, Tomentella ferruginea (Pers.: Fr.) Pat. and
TBylospora fibrillosa (Burt) Donk, were the first for these species in the whole of Karelia.

To sum up our inventory has revealed a great number of rare and indicator species in strictly protected nature
areas. Fungi absent from other forest cenoses were found in each area, thus providing a further argument for their pro-
tection. Unfortunately the biodiversity of aphyllophoroid macromycetes is as yet well understood only in the Kivach
Reserve. Other strictly protected areas need also to be thoroughly studied in order to make more complete the lists of
their aphyllophoroid fungus species.

The depth of study of aphyllophoroid fungi varies from one floristic province to another. We understand floris-
tic provinces as biogeographic provinces distinguished by Finnish naturalists on the basis of botanical criteria and
widely used up until the present day (Mela, 1906; Heikinheimo & Raatikainen, 1971; Kravchenko et al., 2000). With
slight changes to their boundaries these provinces provided the basis for the floristic demarcation of Karelia proposed
by Ramenskaya (1983). The Zaonezhye floristic province (Kon — Karelia onegensis) is the best studied. Our evidence
along with relevant literature and herbaria (LE, H, PZV) indicates that it is inhabited by 297 aphyllophoroid fungus
species. Other floristic provinces in the mid-taiga subzone contain much smaller numbers of macromycetes of this
group: 123 species in the Suojarvi province (Kb — Karelia borealis), 88 species in the Vodlozero province (Kfon —
Karelia transonegensis), 144 species in the Priladozhye province (K/ — Karelia ladogensis) and 109 species in the
Olonets province (Kol — Karelia olonetsensis). The best studied floristic province in the north-taiga subzone is the
Kem province (Kpoc — Karelia pomorica occidentalis) in which 209 aphyllophoroid macromycete species have been
recorded. The Northwestern hill (Imandra) province (Ks — Kuusamo) has 131 species. Little is known about the fungi
of the Topozero (Kk — Karelia keretina) and Vygozero (Kpor — Karelia pomorica orientalis) provinces: only 33 species
have been found on some White Sea islands (Krutov & Lositskaya, 1999). Moreover, the Pudozh floristic province
(Kp — outside East Fennoscandia) has not yet been studied at all.

Conclusion. As the degree of study of aphyllophoroid fungi in Karelia varies from one area to another a com-
prehensive floristic analysis is not yet feasible. Our inventory of the species composition of this group of fungi in pro-
tected areas has revealed many rare, disappearing and indicator species but this work is not yet over. It needs to be
continued in carefully selected forests from different floristic provinces in order to throw more light on the distribu-
tion pattern of aphyllophoroid fungi in Karelia and to provide data for forecasting the dynamics of forest ecosystems
varying in age and condition.

3.4 Lichens

Introduction. Lichens are an integral part of most terrestrial ecosystems. They form large biomasses which
contribute significantly to the processes of metabolism and energy exchange occurring in taiga biogeocenoses and
together with other components provide a stable basis for their functioning.

The first lichenological studies in Karelia were carried out about 150 years ago by amongst others the pio-
neering Finnish botanist W. Nylander. In 1850 Nylander reported his first lichenological findings from field trips to
northern shores of Lake Ladoga and surrounding areas of Petrozavodsk. (Nylander, 1852a, 1852b, 1866).

Karelian lichens have also been studied by numerous other Finns such as J. P. Norrlin, E. A. Vainio, V. Rédsénen
and A. V. Auer as well as the Swedish lichenologist S. Ahlner. As a result of this work we have now a considerable
body of knowledge concerning the lichens of Ladoga, Olonets and Onega Karelia as well as the Lake Paanajarvi area
(Fadeeva et al., 1997, Fadeeva & Golubkova, 1998).
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In the early 20th century Russian botanists also studied lichens in Olonets and Onega Karelia although only a
small part of their results, mostly those of V. P. Savicz (1912, 1950, Olonets scientific..., 1921, Gollerbach, 1930), has
been published.

By the mid-1990s, Russian and foreign authors had published over 120 papers concerning the distribution of
lichens in what is now the Republic of Karelia. Their data, together with the collections of the Botanical Institute, RAS,
St. Petersburg (LE), the Petrozavodsk State University (PZV), the Forest Research Institute, Karelian Research Centre,
RAS (PTZ), and the Botanical Museum, Finnish Museum of Natural History, Helsinki (H), are summarised in a pre-
liminary list of Karelian lichens and lichenicolous fungi (Fadeeva et al., 1997) which consists of 974 specific and
intraspecific lichen taxa and 39 lichenicolous fungus species. The taxa (species, subspecies and varieties) of the bio-
geographic provinces of East Fennoscandia which lie within the Karelian Republic (Mela & Cajander, 1906,
Heikinheimo & Raatikainen, 1971) are distributed as follows (Fig. 41): Karelia ladogensis (Kl): 803 taxa (79.3% of
total), Karelia olonetsensis (Kol): 144 (14.2%), Karelia onegensis (Kon): 511 (50.4%), Karelia transonegensis (Kton):
157 (15.5%), Karelia borealis (Kb): 119 (11.8%), Karelia pomorica orientalis (Kpor): 31 (3.1%), Karelia pomorica
occidentalis (Kpoc): 247 (24.4%), Regio kuusamoensis (Ks): 486 (48.0%), and Karelia keretina (Kk): 205 (20.3%)).

Analysis of the distribution of taxa indicates that very little is known about the areas of northeastern and Central
Karelia between the Finnish border and the White Sea coast.

We know practically nothing about the vast and interesting territory east of Lake Onega, especially its south-
eastern margin which is located on the Russian Plain outside the Fennoscandian Shield and is regarded as a separate
province in its own right, i.e. Karelia pudogensis, Kp (Kravchenko et al., 2000).
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Fig. 41. Numbers of species and intraspecific taxa of
lichens and lichenicolous fungi in the biogeographic
provinces of Karelia
e lichen flora studied
1 — proposed Kalevala National Park; 2 — Kostomuksha Strict
Nature Reserve; 3 — Paanajérvi National Park; 4 — Kuzov Reserve;

5 — Kizhi Reserve; 6 — Valaam Archipelago Nature Park
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Over the past few years lichenological studies have been pursued more actively in Karelia and lichens recorded
for the first time in the biogeographic provinces of Karelia are being found every field season (Inventory and study,
1998; Results of inventory, 1998, Inventory and study, 2000; Kravchenko et al., 2000, Tarasova, 2001). The Keret
Archipelago located in the White Sea in the northeasternmost part of Karelia contains 356 lichen taxa (Himelbrant et
al., 2000, 2001), 41 of which are additions to the checklist by Fadeeva et al. (1997). The Kivach Strict Reserve has 317
lichen species, 54 being reported from Karelia for the first time (Hermansson et al., 2000). As the authors of the above
papers have not yet published complete lists of species, some species are not covered in our analysis of lichen flora.

A retrospective study of the northern shores and islands of Lake Ladoga including the area of the proposed
Ladoga Skerries National Park has provided a large body of new information on the occurrence of endangered lichen
species in Karelia and East Fennoscandia. Two species previously unknown in Karelia were recently reported by
Oksanen & Vitikainen (1999).

In preparing the latest editions of the Red Data Book of Karelia (1995) and the Red Data Book of East
Fennoscandia (1998) the distribution of lichens in Karelia was analysed on the basis of available evidence and lists of
species in need of protection were drawn up. Seventy-five lichen species have been assigned protected status and duly
added to the Red Data Book of Karelia. Two further species, Lobaria pulmonaria (L.) Hoffm. and Bryoria fremontii
(Tuck.) Brodo & D.Hawksw., are common to Karelia but have been assigned protective status at the Russian state level
(Red Data Book of Russia, 1988). More recent field studies carried out in strict nature reserves and other parts of
Karelia (Potasheva & Kravchenko, 1995; Fadeeva & Dubrovina, 1997; Results of inventory .., 1998; Inventory and
study, 1998; Kravchenko, 2000) have shown that the above two species are not endangered in Karelia and that their
prolificacy can be maintained in strictly protected areas (SPAs).

88 Karelian lichen species are listed in the Red Data Book of East Fennoscandia. The status of 85 of these
species was assessed in accordance with the [IUCN while the remaining three species were described as lichens to be
protected in adjacent territories but not requiring protection in Karelia.

As lichens grow very slowly and are highly substrate-specific the only effective way to maintain their diversi-
ty is to protect their natural habitats. The main factors threatening rare species today are the logging of primeval forests
and large-scale mining operations.

Lichens are highly sensitive to industrial pollution. The effect on lichens of air pollution from the Kostomuksha
iron ore plant has been studied for a number of years (Potasheva (Fadeeva), 1993, 1995; Wainstein et al., 1994; Shapiro
et al., 1994; Fadeeva, 1999). Results have shown that the metabolisms of lichen are disturbed even by low levels of
pollution. Pollutants accumulate in the thallus of lichens causing populations of the more sensitive species to decline.

Undisturbed forest habitats form their own specific microclimates conducive to the growth of a variety of
lichens. These are sometimes known as forest microclimate, a term proposed by Titov (1986). Species associated with
such habitats are indicators of the age and integrity of a given stand of forest (Rose, 1976, Goward, 1994, Kuusinen
et al., 1995, Kuusinen, 1996). Their presence in biotopes is used to identify biologically diverse fragments of primeval
forest fragments requiring protection. 34 lichen species have been used to map old-growth forests in Finland
(Kuusinen et al., 1995). A forest site containing ten or more indicator species is considered as warranting protection.

A study of forests growing along the Russian-Finnish border has shown that this above-mentioned Finnish pro-
cedure is applicable to the forests of Russian Karelia (Results of inventory .., 1998; Inventory and study.., 1998) or at
least to those close to the border. However, lichenologists have since made some changes to the list of indicator species.
For example, Bryoria fremontii, which occurs in Karelia in biotopes affected by human activities to differing degrees,
is no longer considered an indicator species. According to Kravchenko (2000) it persists in slightly deforested areas and
grows actively on tree stems in young pine stands. At the same time, Icmadophila ericetorum (L.) Zahlbr), which inhab-
its rotting logs in natural undisturbed and slightly disturbed forests, was added to the list of indicator species.

The diversity of lichens largely depends on the diversity of substrates and their accessibility to colonising
lichens. In the opinion of the present author the existing and proposed strictly protected areas in Karelia (Belousova
et al., 1992; Khokhlova et al., 2000) contain the complete (or almost complete) spectrum of Karelian environments.
The main goal of lichenological studies in Karelia could be the identification and study of lichens in protected areas.

During the period 1997-2000 the author collected and identified a large number of lichen samples in the pro-
posed Kalevala National Park (1997) and the Kizhi Reserve (1999-2000). The author’s collections from the
Kostomuksha Strict Reserve and the herbaria collected by other lichenologists and kept at the Forest Research Institute,
KRC, RAS formed the material basis of this paper. Lichens collected by A.V. Kravchenko (Forest Research Institute,
KRC, RAS) in 1994, 1998 and 2000 from the Kuzov Reserve and made available to the author were also studied.

Results of the inventory study of lichens undertaken in the proposed Kalevala National Park, in the Kizhi
Reserve and in the Kuzov Reserve are summarised in Table 23. Species added to the annotated lists of lichens pub-
lished earlier for other strictly protected areas are included in the present paper. Names of lichen taxa are given accord-
ing to Santesson (1993) with some recent corrections by Vitikainen et al. (1997).

The Kostomuksha Strict Nature Reserve was established in order to protect typical northern taiga nature
complexes. Pine stands which retain primeval forest characteristics prevail. 143 lichen species and subspecies have
been reported in the reserve (Fadeeva & Dubrovina, 1997; Kravchenko et al., 2000). Four more species, i.e. Cladina
stygia (Fr.) Ahti, Peltigera lepidophora (Nyl. ex Vain.) Bitter, P. scabrosa Th. Fr. and Evernia divaricata (L.) Ach.
(coll.: M.Potasheva (Fadeeva), 1991, PTZ), were reported for the first time. It should be noted that the specimens
referred to by Fadeeva & Dubrovina (1997) and again by Kravchenko et al. (2000) as Cladonia coccifera have since
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been re-identified as C. borealis S.Stenroos by Prof. T. Ahti of the University of Helsinki in 2000. Some species
listed in the Red Data Book of Karelia, e.g. Lobaria pulmonaria, Bryoria fremontii, Nephroma bellum (Spreng.)
Tuck. and Ramalina dilacerata (Hoffm.) Hoffm., are common in the reserve while two other species, Stereocaulon
dactylophyllum Florke and Evernia divaricata, were each found at just one locality. Also reported are the species
Dermatocarpon luridum (With.) J.R.Laundon and Evernia divaricata, both listed in the Red Data Book of East
Fennoscandia. The reserve is home to 21 indicator species including Alectoria sarmentosa (Ach.) Ach. subsp. sar-
mentosa, Evernia mesomorpha Nyl., Leptogium saturninum (Dicks.) Nyl., Lobaria pulmonaria, Nephroma bellum,
N. parile (Ach.) Ach., N. resupinatum (L.) Ach., Peltigera aphthosa (L.) Willd., P. canina (L.) Willd., P. leu-
cophlebia (Nyl.) Gyeln., and P. praetextata (Sommerf.) Zopf. This is clear evidence that the natural complexes of
the reserve are well preserved.

At the same time chemical analysis of lichens (Fadeeva, 2001) has shown that the forests growing on the north-
ern boundary of the reserve display slight but nevertheless clear effects of dust pollution from the Kostomuksha iron
ore plant.

The proposed Kalevala National Park has attracted the attention of scientists as it hosts Fennoscandia’s largest
and Europe’s westernmost massif of well-preserved pyrogenic primeval pine taiga (Results of inventory... 1998).
Initial results of a lichen inventory conducted in the area have already been published and include data on material col-
lected by T. Ahti in the Lake Sudnozero area during a botanical expedition to northern Karelia in 1996 (Fadeeva et al.,
1997, Results of inventory..., 1998; Kravchenko et al., 2000). Taking into account recent evidence obtained mainly
from the analysis of crustose species, the park has 139 lichen taxa (Table 23) of which two species are new to Karelia
and 15 species new to the Kpoc province. 23 primeval forest indicator species are found in the park. Indeed, many
indicator and rare species, e.g. Lobaria pulmonaria, Bryoria fremontii, Nephroma bellum, Ramalina dilacerata,
Leptogium saturninum, Nephroma parile, N. resupinatum, Pannaria pezizoides (G.Weber) Trevis., Parmeliella tripto-
phylla (Ach.) Mill.Arg., Peltigera aphthosa, P. canina and P. praetextata, are common in Kalevala. The park is the
one of only two known locations in Karelia where Arthonia incarnata Th.Fr. ex Almq.! and Cliostomum leprosum?
(Résénen) Holien & Tonsberg have been found. It is essential that this important area be protected.

The Paanajirvi National Park remains more or less unaffected by human activities. Its comprises an unique
combination of pine and spruce stands, fragments of mountain tundra and mountain forests, and large bedrock and
limestone exposures. The lichen flora of the park has been thoroughly studied. The park contains 443 lichen species
(Halonen, 1993). On studying the herbarium at the Forest Research Institute (PTZ) T. Ahti identified three more pre-
vious unknown species of Cladonia: C. borealis (colls.: A.Kravchenko, 1990, A. Kryshen, 1993), C. macroceras
(Delise) Hav. (coll.: A. Kravchenko, 1990) and C. metacorallifera Asahina (coll. A. Kryshen, 1993). This was only
the second identification of C. metacorallifera for the whole of Karelia; the species was first found in the area of the
proposed Ladoga Skerries National Park (coll. A.Kravchenko, 1993,).

The abundance of rare and indicator species, many of which do not occur outside the park, makes this a high-
ly valuable territory from the point of view of nature conservation. A number of rare lichen species such as Alectoria
sarmentosa (Ach.) Ach. subsp. vexillifera, Belonia russula Nyl., Brodoa intestiniformis (Vill.) Goward, Bryoria bicol-
or (Ehrh.) Brodo & D.Hawksw., Caloplaca decipiens (Arnold) Blomb & Forssell, Collema polycarpon Hoffm.,
Phaeophyscia kairamoi (Vain.) Moberg, Heterodermia speciosa (Wulfen) Trevis., Hypogymnia austerodes (Nyl.)
Résésnen, Tholurna dissimilis (Norman) Norman, Omphalina hudsoniana (H.S. Jenn.) H.E. Bigelow and Synalissa
symphorea (Ach.) Nyl. either do not grow outside the park or occur only sporadically in Karelia. As our knowledge
of their distribution is largely based on old collections further studies are needed. Thus, for example, Omphalina hud-
soniana, Lobaria scrobiculata (Scop.) DC., Evernia divaricata and Ramalina thrausta (Ach.) Nyl.,, seem to be more
common in Karelia than we had previously believed. At the same time our failure to find Belonia russula in its sup-
posedly preferred habitat of Ladoga Karelia (Oksanen & Vitikainen, 1999) raises doubts as to its present existence.
Catillaria kivakkensis (Vain.) Zahlbr. (Vainio, 1934) was reported at its favourite Mount Kivakka habitat but its sys-
tematic independence is now in doubt. The endangered species Usnea longissima Ach. known to occur at only two
localities Karelia, one of which is close to Lake Paanajérvi, was found there in 1996 (Halonen, 1997). The evidence
indicates the viability of the local population and provides an argument in favour of decreasing the rank of the species
by one point in the Red Data Book of Karelia. The park has a total of 26 indicator species including some rare cali-
cioid lichens and fungi such as Chaenotheca gracillima (Vain.) Tibell, Ch. subroscida (Eith.) Zahlbr.,
Chaenothecopsis viridialba (Kremp.) A.F.W.Schmidt, Cybebe gracilenta (Ach.) Tibell. and Cyphelium inquinans
(Sm.) Trevis. Species indicative of old-growth forests, e.g. Alectoria sarmentosa, Bryoria fremontii, Evernia meso-
morpha, Lobaria pulmonaria, L. scrobiculata and Nephroma bellum, are common.

Situated in the White Sea, the Kuzov Reserve was set up to protect island flora and fauna. On the ten islands
that form the eastern archipelago cliffs rise up tens of metres above the sea. The vegetation cover is composed of tun-
dra-like dwarf shrub communities where mosses and lichens combine with lithic groups growing on moss- and lichen-
covered rocks. Micromires are commonplace in practically all landform depressions (Biodiversity inventories...,
1999). Floral belts are distinct in the largest Russkiy and Nemetskiy Kuzov islands where coniferous, mixed and decid-
uous stands, including primary stands of mountain birch, grow and highly productive forests occur at the foot of hills.

1 Also found by M. Kuusinen near Kostomuksha (the written report).
2 Also found by M. Kuusinen near Kostomuksha (the written report), probable frequent in humid spruce forests at least in Kpoc.
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On Nemetskiy Kuzov young stands of Siberian pine (Pinus sibirica) grow well and one very old individual tree
planted by the monks of the Solovetsk Monastery still survives. Bergroth (1895) was the first to survey the lichen flora
of the Kuzov islands and presented evidence for the occurrence of Sphaerophorus globosus (Huds.) in the area. More
recently Savicz (1912) studied samples collected by R. R. Pohle from the White Sea shore and from some of the
islands mainly in the Archangel region and reported 15 lichen species from the islands of Lodeynyy, Nemetskiy and
Russkiy (Bolshoi) Kuzov. Together with A. Kravchenko’s collections from Nemetskiy and Russkiy Kuzov islands, the
Voroni islands, the islands of Verkhniy, Sredniy, Zhiloy, Oleshin, Kurichya Nilaksa and Lodeynyy, a total of 59 lichen
species is now known (Table 23), 6 species being reported for the first time for the Kpoc province. The species
composition of lichens reflects the environmental pattern of the territory. Both tundra and typical forest lichens are
present. Of particular interest are certain rare lichens such as Alectoria sarmentosa subsp. vexillifera and Ramalina
roesleri (Hochst. ex Schaer.) Hue. Ramalina roesleri was encountered on Nemetskiy Kuzov in 1994 (on an old
Siberian pine) and again in 2000. Except for Hypogymnia vittata (Ach.) Parrique and Omphalina hudsoniana which
may have been overlooked by collectors and Peltigera polydactyla (Neck.) Hoffm., all of the species mentioned by
V.P. Savicz still grow in the Kuzov Reserve. The presence of stabile conditions favourable for the long-term evolution
of lichen communities is indicative of the value of this area and of the importance of assigning it protected status.

The Kizhi Reserve is made up of the Kizhi Islands which incorporate the historically and culturally valuable
Kizhi Museum Reserve and its protection zone. The central part of the archipelago consists of more than ten islands
which have been subject to varying degrees of anthropological interference. These include Kizhi, Bolshoi
Klimenetskiy, Severnyi, Yuzhnyi Oleniy, and Volkostrov. This largely explains the highly characteristic lichen flora of
the reserve where dominant species associated with natural and slightly disturbed habitats are enriched by lichens
associated with inhabited areas. As early as the late 19th century Nylander (1866) and Norrlin (1876) published a report
on the material collected by T. Simming and A. Kullhem in 1863 and recorded 18 lichen species for Kizhi and Bolshoi
Klimenetskiy islands. These included Evernia divaricata (Kizhi Island) and Dimerella lutea (Dicks.) Trevis etc. These
are the only finds of Dimerella lutea recorded in Karelia. Both our own evidence and earlier data (Inventory and
study.., 2000) suggest that the reserve contains 96 lichen species (Table 23), five of which are recorded for the first
time for Kon province. Found growing on elm trees along the shore on Kizhi Island, 3Gyalecta truncigena (Ach.)
Hepp3 had not been previously reported anywhere in Karelia. The finds of Ramalina sinensis Jatta on Volkostrov and
Bolshoi Klimenetskiy are also of interest. This lichen was found earlier in the Vodlozersky National Park (Fadeeva et
al., 1997). Owing to its scarcity on north shore of Ladoga Lake Finnish botanists (Oksanen & Vitikainen, 1999) pro-
posed its inclusion in the Red Data Book of Karelia as a declining species. The reserve also contains ten old forest
indicator species, the most common being Leptogium saturninum, Lobaria pulmonaria, Nephroma bellum and
Ramalina dilacerata. We think that Nephroma bellum and Ramalina dilacerata, which are found in most of the strict-
ly protected areas (see present paper), should be deleted from the list of protected Karelian lichens.

The Valaam Archipelago Nature Park with its unique historical, environmental and landscape features covers
over fifty islands that together make up the Valaam Archipelago. The largest islands are those of Valaam and Skitsky.
The pine and spruce stands growing there vary in age from 120 to over 200 years. Introduced species such Siberian
pine, English oak (Quercus robur), Siberian fir (4Abies sibirica) and Siberian larch are well represented (Ecosystems
of Valaam .., 1989). According to available evidence (Makhmudova & Himelbrant, 1992) the lichen flora of the
Valaam Archipelago extends to 232 species. Of special interest are the finds of the rare lichens Cetrelia cetrarioides
(Duby) W.L. Culb. & C.F.Culb., Parmelina tiliacea (Hoffm.) Hale, Ramalina roesleri and Ramalina thrausta.
According to recent studies this is the only habitat in Karelia supporting Cetrelia cetrarioides and Parmelina tiliacea.
Cladonia borealis (colls.: I.A. Dushak & L.A. Morozova, 1985) and C. novochlorophaea (Sipman) Brodo & Ahti
(colls.: I.A. Dushak & L.A. Morozova, 1985; A.V. Kravchenko, 1993) were identified by T. Ahti at the Forest
Research Institute Herbarium (PTZ) in 2000. Both of these species are new to the province. Moreover, C.
novochlorophaea is recorded here for the first time in Karelia.

To sum up, as a result of the inventory study of Karelian lichens in certain strictly protected areas three new species
have been found; 21 species have been reported for the first time for Kpoc province and 5 for Kon province. On the basis
of the new evidence for the distribution of rare and endangered lichens a proposal has been made to revise the list of
lichens and to more precisely evaluate the status of certain lichen species listed in the Red Data Book of Karelia.

It is clear from this brief review that the lichens of Karelia have not all been subject of equally detailed study.
We know little about certain species found in SPAs where our inventory has just begun. At the same time our work
has shown that the existing and proposed reserves can help maintain the biological diversity of Karelia. When we
know the composition of lichen floras in the SPAs we will be able to fully assess the lichen diversity of Karelia to a
first approximation.

The author wishes to thank A.V. Kravchenko for his field work collecting lichen samples during numerous
expeditions to various parts of Karelia and his contribution to the collection of the Lichenological Herbarium at the
Forest Research Institute, KRC, RAN (PTZ).

The author is indebted to Prof. T. Ahti of the University of Helsinki, Finland, who visited Petrozavodsk in July
2000, examined a collection of lichens at the Forest Research Institute, especially species of the genus Cladonia, and
identified and re-identified many lichen samples.

3 Have been identified by T. Ahti.
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Table 23
Lichens in Karelia's protected areas (Kalevala National Park, Kuzov Reserve and Kizhi Reserve)
Kpoc [ Kon
Lichen species Kalevala Reserve

National Park Kuzov Kizhi
Acarospora fuscata (Nyl.) Arnold (+H)+
A. smaragdula (Wahlenb.) A. Massal. var. smaragdula (+H)
A. nigricans (Ach.)Nyl. (++)
A. ochroleuca (Hoffm.) A.Massal. ++
*A. sarmentosa (Ach.) Ach. subsp. sarmentosa +
A. sarmentosa (Ach.) Ach. subsp. vexillifera (RBK. 3). (RBEF. 3) HEE
Amandinea punctata (Hoffm.) Coppins & Scheid. + +
Arctoparmelia centrifuga (L.)Hale + ++
Arthonia cinereopruinosa Schaer. (+1)
*A. incarnata Th.Fr. ex Almg. (RBEF) +
A. spadicea Leight. (++)
Aspicilia caesiocinerea (Nyl. ex Malbr.) Arnold +
A. cinerea (L.) Korb. +
A. obscurata (Fr.) Amold (+H)
Bacidia bagliettoana (A.Massal. & De Not) Jatta +
B. subincompta (Nyl.) Arnold ¥
Baeomyces carneus Florke +
B. rufus (Huds.) Rebent. +
Biatora efflorescens (Hedl.) Résinen +H*
Bryocaulon divergens (Ach.) Kirnefelt (+H) ++
Bryoria capillaris (Ach.) Brodo & D. Hawksw. () +
B. fremontii (Tuck.) Brodo & D.Hawksw. (RBR. 2). (RBK. 4). +
B. furcellata (Fr.) Brodo & D.Hawksw. + +
B. fuscescens (Gyeln.) Brodo & D.Hawksw. () +
B. ¢f. implexa (Hoffm.) Brodo & D.Hawksw. HH*
B. simplicior (Vain.) Brodo & D. Hawksw. +
Buellia disciformis (Fr.)Mudd +
Calicium denigratum (Vain.)Tibell ¥
C. salicinum Pers. (1)
C. trabinellum (Ach.) Ach. +
Caloplaca holocarpa (Hoffm.) A.E.Wade (+)
Candelariella xanthostigma (Ach.) Lettau +
C. vitellina (Hoffm.) Miill. Arg. +
Catillaria erysiboides (Nyl.) Th. Fr. (+)
Cetraria aculeata (Schreb.) Fr. (++) ++
C. ericetorum Opiz. + +
C. islandica (L.) Ach. subsp. crispiformis ++
C. islandica (L.) Ach. subsp. islandica (+) + ++ +
C. sepincola (Ehrh.) Ach. + +
C. delisei (Bory ex Schaer.) Karnefelt & Tell ++
C. fastigiata (Delise ex Nyl.) Kérnefelt & Tell ++
Chaenotheca brachypoda (Ach.) Tibell +¥*
C. brunneola (Ach.) Miill. Arg. +**
C. chrysocephala (Turner ex Ach.) Th.Fr. +
C. ferruginea (Turner &Borrer) Mig. (+1)
C. furfuracea (L.) Tibell +** Pcell +
Cladina arbuscula (Wallr.) Hale & W.L.Culb. subsp. squarrosa (Wallr.) Burgaz. + (++) ++ +
C. mitis (Sandst.) Mong. () + ++
C. rangiferina (L.) Nyl. + +
C. stellaris (Opiz)Brodo + ++ +
C. stygia (Ach.) Ahti +HH* ++
Cladonia amaurocraea (Florke) Schaer. + () +
C. bacilliformis (Nyl.) Gliick +
C. bellidiflora (Ach.) Schaer. (++) ++
C. borealis S. Stenroos +
C. botrytes (K.G.Hagen) Willd. () + ++
C. cenotea (Ach.) Schaer. +
C. cervicornis (Ach.)Flot. subsp. verticillata (Hoffm.)Ahti +
C. chlorophaea (Florke ex Sommerf.) Spreng. s. str. +
C. coniocraea (Florke) Spreng. +
C. cornuta (L.) Hoffm. + ++ +
C. crispata (Ach.)Flot. s. lat. + ++
C. deformis (L.) Hoffm. +
Cladonia fimbriata (L.) Fr. () +
C. furcata (Huds.) Schrad. () + (++) ++ +
Cladonia gracilis (L.) Willd. subsp.gracilis (+H) +
C. gracilis (L.) Willd. subsp. turbinata (Ach.) Ahti )+
C. macilenta Hoffm. (RBF) () +
C. phyllophora Hoffm. +
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Kpoc [ Kon
Lichen species Kalevala Reserve

National Park Kuzov Kizhi

C. pyxidata (L.) Hoffm. +

C. squamosa (Scop.) Hoffm. () +

C. sulphurina (Michx) Fr. +

C. symphycarpia (Florke) Fr. +

C. uncialis (L.) F.H. Wigg. subsp. uncialis + ++ +

Cliostomum leprosum (Rdsdnen)Holien & Tansberg +

Dermatocarpon luridum (With.) J.R.Laundon (RBEF. 4) +

Dimerella lutea (Dicks.) Trevis. (+H)

D. pineti (Ach.) Vézda (+)

*Evernia divaricata (L.) Ach. (RBK. 3). (RBEF. 3) + (G=5)

*E. mesomorpha Nyl. + +

E. prunastri (L.) Ach. () + +

Flavocetraria cucullata (Bellardi) Kirnefelt & Tell ++

F. nivalis (L.) Kérnefelt & Tell () +

Fuscidea pusilla Tensberg +*

Graphis scripta (L.) Ach. (+H)+

Gyalecta cf. truncigena (Ach.) Hepp +*

Hypocenomyce scalaris (Ach.) Choisy +

Hypogymnia physodes (L.) Nyl. () + ++ +

H. tubulosa (Schaer.) Hav. () + +

*H. vittata (Ach.)Parrique + (++)

elcmadophila ericetorum (L.)Zahlbr. +

Imshaugia aleurites (Ach.) S.L.F. Meyer () +

Lecanora allophana Nyl. + +

L. cateilea (Ach.) A. Massal. +**

L. circumborealis Brodo & Vitik. +

L. hypopta (Ach.) Vain. +

L. leptyrodes (Nyl.) Degel. kx

L. pulicaris (Pers.) Ach. +

L. symmicta (Ach.) Ach. )+ +

Lecidea erythrophaea Sommerf. + +

Lecidella euphorea (Florke) Hertel +

Lepraria incana_(L.) Ach.. coll. +

eLeptogium saturninum (Dick.)Nyl. + +

eLobaria pulmonaria (L.) Hoffm. (RBR. 2). (RBK. 4) + +

*L. scrobiculata (Scop.) DC. (RBK. 3). (RBEF. 3) (+) ++

*Lopadium disciforme (Flot.)Kullh. +

Loxospora elatina (Ach.) A.Massal. HH*

Melanelia exasperata (De Not.) Essl. (+H+

M. commixta (Nyl.) Thell +

M. hepatizon (Ach.) Thell EE x

M. olivacea (L.) Essl. + +

M. sorediata (Ach.) Goward & Ahti )+ +

M. stygia (L.)Essl. + ++

M. subargentifera (Nyl.) Essl. +

M. subaurifera (Nyl.) Essl. +

Micarea denigrata (Fr.)Hedl. +

Mycobilimbia carneoalbida (Miill.Arg.) comb. ined. + +

M. epixanthoides (Nyl.) comb. ined. + +

Mycoblastus alpinus (Fr.) Kernst. +*

M. sanguinarius (L.) Norman + +

Nephroma arcticum (L.) Torss. + (+) +

*N. bellum (Spreng.)Tuck. (RBK. 2) +

*N. parile (Ach.) Ach. + +

*N. resupinatum (L.) Ach. + +

Ochrolechia androgyna (Hoffm.) Arnold +

O. frigida (Sw.) Lynge ++

O. microstictoides Risénen ()

Omphalina hudsoniana (H.S. Jenn.) H.E. Bigelow (RBR. 3). (RBK. 3). (RBEF. 3) (++H)

Opegrapha varia Pers. var. varia (+H)+

Ophioparma ventosa (L.) Norman (++) ++

*Pannaria pezizoides (G.Weber)Trevis. +

Parmelia fraudans (Nyl.)Nyl. +

P. saxatilis (L.) Ach. + (+) ++ +

P. sulcata Taylor (+) + ++ +

eParmeliella triptophylla (Ach.)Miill. Arg. HH*

Parmeliopsis ambigua (Wulfen) Nyl. + +

P. hyperopta (Ach.) Arnold + +

*Peltigera aphthosa (L.) Willd. + ++ +

*P. canina (L.) Willd. + +

P. degenii Gyeln. (RBK. 3). (RBEF. 3) HH* HH*

P. didactyla (With.) J.R.Laundon ()
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End. table 23

Kpoc [ Kon
Lichen species Kalevala Reserve

National Park Kuzov Kizhi
P. lepidophora (Nyl. ex Vain.) Bitter ¥ +
*P. leucophlebia (Nyl.) Gyeln. + ++ +
P. malacea (Ach.) Funck (+)
P. membranacea (Ach.) Nyl. +H*
P. neckeri Hepp ex Miill. Arg. +¥¥ ++ +
P. neopolydactyla (Gyeln.) Gyeln. + ++ +
P. polydactyla (Neck.)Hoffm. + (++) +
*P. praetextata (Sommerf.) Zopf. + +
P. rufescens (Weiss.) Humb. H+ +
P. scabrosa Th. Fr. + (++) ++
Pertusaria amara (Ach.) Nyl. +
P. ophthalmiza (Nyl.) Nyl. +H*
Phaeophyscia ciliata (Hoffm.) Moberg H+
P. orbicularis (Neck.) Moberg () +
Phlyctis argena (Spreng.) Flot. + +
Physcia_stellaris (L.) Nyl. H+ +
P. adscendens H.Olivier +
P. aipolia (Ehrh. ex Humb.) Fiirnr. var. aipolia (6]
P. aipolia (Ehrh. ex Humb.) Fiirnr. var. alnophila (Vain. Lynge () ++ +
P. caesia (Hoffm.) Fiirnr. ++ +
P. tenella (Scop.) DC var. tenella +
Physconia distorta (With.) J.R.Laundon +
P. perisidiosa (Erichsen) Moberg +
Platismatia glauca (L.) W.L.Culb. & C.F.Culb. +
Pseudephebe pubescens (L.) M. Choisy HH**
Psilolechia lucida (Ach.)M. Choisy (++)
*Ramalina dilacerata (Hoffm.) Hoffm. (RBK. 4) + +
R. farinacea (Westr.) Ach. ++ +
R. pollinaria (Westr.)Ach. H** +
R. polymorpha (Lilj.) Ach. ++
R. roesleri (Hochst. ex Schaer.) Hue (RBK. 4). (RBEF. ?) ok
R. sinensis Jatta +
Rhizocarpon geographicum (L.) DC. s. lat. +
Rimularia insularis (Nyl.) Hertel & Rambold (++)
*Rinodina cinereovirens (Vain.) Vain. +
R. exigua Gray +
R. pyrina (Ach.) Arnold +
R. sophodes (Ach.) A.Massal. +
Scoliciosporum chlorococcum (Stenh.) Vézda +
Sphaerophorus globosus (Huds.) Vain. (+) +
S. fragilis (L.) Pers. (+) +
Stereocaulon cf. grande (H. Magn.) H-Magn. (RBEF. 4) +
S. saxatile H.Magn. +
S. subcoralloides (Nyl.) Nyl. G3) +**
S. tomentosum Fr. +
Thamnolia vermicularis (Sw.)Schaer. R
Thelomma ocellatum (Korb.)Tibell ()
Trapeliopsis granulosa (Hoffm.) Lumbsch. ) (+H)
Tuckermannopsis chlorophylla (Willd.)Hale H+ +
Umbilicaria deusta (L.) Baumg. + ++ +
U. hirsuta (Westr.) Hoffm. ++
U. hyperborea (Ach.) Hoffim. + (+H) +
U. proboscidea (L.) Schrad. ++
U. torrefacta (Lightf.) Schrad. ++
Usnea_hirta (L.) F.H.Wigg. )+ +
U. subfloridana Stirt. +
U. filipendula Stirt. +
Vulpicida pinastri (Scop.) J.E.Mattsson & M.J.Lai )+ +
Xanthoparmelia conspersa (Ach.) Hale + (++) + +
Xanthoria candelaria (L.)Th.Fr. () ++ +
X parietina (L.) Th.Fr. &) (+H+
X. polycarpa (Hoffm.)Th.Fr. ex Rieber +
Xylographa parallela (Ach.: Fr.) Behlen & Desberg +
Total 139 59 96

Note: Biogeographic provinces: Kon = Karelia onegensis; Kpoc = Karelia pomorica occidentalis Symbols:

* old-growth forest indicator species:

RBK = species listed in the Red Data Book of Karelia; RBR = species listed in the Red Data Book of Russia; RBEF = species listed in the

Red Data Book of East Fennoscandia.

+ author's collection, ++ A.V. Kravchenko's collection, (+) species referred to by T. Ahti, (++) species described in other literature.

* reported for the first time in Karelia, ** reported for the first time in the biogeographic province.




FLORA AND FAUNA OF TERRESTRIAL ECOSYSTEMS: CHARACTERISTICS AND VARIATION TRENDS 115

3.5. Mammal species composition, areal dynamics, populations and protection

Introduction. Many recent publications and handbooks have reported substantial changes in the composition
of fauna and the distribution of individual mammal species in North Europe. These changes have resulted from a num-
ber of factors, the transformation of habitats by human activities being the most important at the present time. When
the ecological environment changes rapidly over a large area, primeval ecosystems are fragmented or destroyed and
derivative ecosystems are formed in which original species may not survive. Furthermore, these derivative ecosystems
are occupied by new species — representatives of other faunistic complexes.

The distribution of animals is also affected markedly by annual and long-term natural variations in population
sizes. The accumulation of so-called population ‘reserves’, the artificial maintenance of the high population density of
animals hunted by man in some areas, the introduction of new species and animal protection are also important fac-
tors affecting population dynamics.

The landscapes of Karelia have changed greatly during the past century. Primeval forests that once covered
large areas have been cut down to give way to secondary forests dominated by unevenly aged deciduous and mixed
stands. With the expansion of agricultural lands chiefly through mire reclamation the total area of mire land has dimin-
ished. Forest reclamation and other activities have markedly transformed paludified forests over large areas as well as
affecting the distribution, exploitation and protection of mammal fauna. This article seeks to review current informa-
tion concerning the dynamics of certain wildlife species in Karelia and draw comparisons between Karelia and its
western neighbour, Finland. We have concentrated on mammal species for which information is readily available and
the examples provided are those which are most familiar to us. Smaller mammal species of lesser interest from the
management point of view receive less attention.

Wolf and moose. Wolf (Canis lupus L.) and moose (Alces alces L.) were the first species to be affected by the
above-mentioned changes in the environment. Wolves were not seen throughout the 1920s and 1930s in most of
Murmansk Province and in northern Karelia. Instead they occupied areas where livestock rearing and reindeer
husbandry were well development — Zaonezhye, Prionezhye, Priladozhye, Barents Sea and White Sea coasts.

Large-scale commercial forest management of northern Russia began in the 1940s. Deciduous species which
colonised much of the deforested area provided favourable habitats for moose. This took between seven and ten years
after felling operations in southern Karelia while the corresponding period in northern Karelia was ten to fifteen years.
This together with the prohibition of hunting resulted in increased moose populations. A stable supply of food was
thereby provided for the wolf and by the mid 1960s this predator had penetrated northern Karelia and the southern part
of Murmansk Province. The appearance of wolves in the north taiga zone was also favoured by the development of
the road network, especially logging tracks, which allowed animals to move more easily during times of deep snow
(Danilov, 1981, 1987, 1994).

Species with growing ranges. Other species enjoying rapid spreading are the mole (7alpa europaea L.), hedge-
hog (Erinaceus europaeus L.), birch mouse (Sicista betulina Pall.), common field mouse (Microtus arvalis Pall.), har-
vest mouse (Micromys minutus Pall.), polecat (Mustela putorius L.), badger (Meles meles L.), roe deer (Capreolus
capreolus L.) and wild boar (Sus scrofa L.). The reasons for these increases include changes in forest landscape struc-
ture as well as the influence of other factors.

The wild boar was first reported in Karelia in the late 1960s and had reached the Arctic Circle by the early
1970s (Danilov, 1979). However, after this rapid colonisation the wild boar has declined in northern Karelia. In the
districts of Louhi, Kem and Muezersky the species has not been encountered during wintertime since 1998. The only
evidence for its presence was the identification by A.V. Yakimov of wild boar tracks in the winter of 1992 twenty kilo-
metres north-west of Muezersky. In the Kalevala district wild boar was reported in the vicinity of Luvozero (1988) and
Pikhtozero (1992). A litter of young wild boars was seen near Luusalma in the late 1980s and two large adults were
encountered in the vicinity of Kalevala in the autumn-winter of 2000-2001. The hunting specialist O. A. Mishukov
saw a female with seven young pigs in the late 1980s near Yukovo, Belomorsk district. Over the past few years
between five and seven animals have been observed in the area of Kolezhma. Wild boars are common in the southern
part of Suojérvi district and in the districts of Kondopoga and Medvezhegorsk. Thus, in Zaonezhye, where wild boars
are fairly common during the summer season (an average of 0.54 animal per 1 000 ha during 1996—-1999), a group of
twenty-six animals of various ages was seen near Kuzaranda in the spring of 1999 (hunter A. I. Kamaev, pers. med.).
In the winter of 1991-1992 the hunter S.V. Yershov came across wild boar tracks south of Lake Verkhneye Kumozero
(Louhi district) and 10 km north of Avneporog in Kem district. In 1992 attempts were made to shoot two adult wild
boars on the Chupa-Plotina highway in the Louhi district while in November 1998 an adult male wild boar was killed
by a vehicle on the St. Petersburg-Murmansk highway. Wild boar is more common in southern Karelia where it main-
ly inhabits well-developed agricultural areas. However, even here it is unevenly distributed.

The polecat continues to spread northwards (Fig. 42). During the period 19882000 polecat tracks were found
near Luvozero in the southern Kalevala district. In 1987 and 1993 polecats were trapped in the same area and also
30—40 km away in Kontokki, Nyuk-ozero (Pozdnyakov, 1997). In 1989 and 1990 two animals were trapped in the
vicinity of Reboly. Over the past decade polecats sightings have also been made on the White Sea coast in the
Belomorsk district mostly near the River Shuya (1988) and in the surrounding settlements of Khvoiny (1993),
Viremga and Malenga (1994), and Sumposad (1997). In the 1980 polecats were the target of hunters in the area of
Yukovo (2 animals), Lapino (3) and Vorenzha (1). In the districts of Muezerka and especially of Segezha polecats
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are more common although even at these locations sightings are not made every year. This is in spite of the fact that
during the late 1980s some 20-30 polecat pelts were produced in the Segezha district with no less than 45 pelts in 1987.

Snow track counts and pelt data show that the European hare (Lepus europaeus L.) has become more common
in southern Karelia. Its tracks were found near Sortavala in 1986, in the Lahdenpohja district in 1988, in the Olonets
and Pudozh districts in 1993, in the Pitkaranta and Lahdenpohja districts in 1994, in the Pudozh and Lahdenpohja dis-
tricts in 1995 and in the Lahdenpohja district in 1997.

With recordings of mountain hare tracks in the above districts as few as 6.9-15.1 tracks per 10 km, the ratio
between European hare and mountain hare track density varies between 1: 60 to 1: 950 (Bmoosein, 1999). The
European hare is most common in the Lahdenpohja district and is found chiefly in the vicinity of the Kurkijoki,
Hiitola, Jakkimsky, Taunan and Elisenvaara settlements. In the 1930s when European hare population were relatively
large the European hare and mountain hare pelt ratio varied from between 1: 47 to 1: 95 in southern Karelia. In some
districts European hare pelts were regularly produced. However, present day populations are less predictable.

The European hare is no longer found in the Medvezhyegorsk and Pryazha districts where it was already scarce
by the 1930s. In the 1970s a single sighting was made in the Kondopoga district near Tul-guba. A few hares were
killed by hunters near Tarzhepol and Uzheselga in the Prionezhsky district.

European hare populations are unlikely to increase much over the next few years. In the past few decades their
preferred habitats, i.e. grain crop lands mostly reclaimed from former mire sites, have virtually disappeared. Thus,
while 1928 these covered 47 000 ha and in 1943 43 000 ha today they account for area of not more than 1 000 ha.

Declining species. Most north-taiga animals tend not to colonise more southerly areas. On the contrary, some
of them have actually retreated further north. Both the wolverine (Gulo gulo L.) and the forest reindeer (Rangifer
tarandus fennicus Lonnb.) respond in this manner to human threat and to various other activities relating mostly to the
large-scale construction of country houses and the recreational use of forests.

Our data indicates that the decline in the distribution and population of the wolverine is chiefly due to the use
of poison intended to combat wolves (1960s to early 1980s) and the use of snowmobiles for chasing animals (Danilov,
1994, 1995). However, a few tracks were found near Hiitola in the Lahdenpohja district (1988), near Vartsila in the
Sortavala district (1988), in the vicinity of Kotkozero and Verkhny Olonets in the Olonets district (1989) and near
Shoksha in the Prionezhsky district (1990). Wolverine footprints were more regularly observed near Vidany (1992),
Kroshnozero (1994), Kutizhma (1996), Lake Syamozero (1994 and 1998) and Kudama (2000) in the Pryazha district.

Significant changes have also taken place in the wild forest reindeer population. In areas where domestic rein-
deer breeding and, consequently, the hunting and killing of wild animals by reindeer breeders have stopped, the pop-
ulations and distribution of wild forest reindeer have quickly recovered. Thus, by the mid 1970s the reindeer popula-
tion had increased to 6 000 animals and its southern distribution boundary pushed forward to the Kuolisma-
Porosozero-Maselgskaya line and the shore of Lake Onega as far as the administrative border of the Vologda Province
(Danilov, 1975a, 1975b; Danilov et al., 1986) (Fig. 43). However, the social changes which began in Russia in the late
1980s and early 1990s triggered unprecedented levels of illegal hunting in Karelia and in other parts of the country.

As a consequence the wild forest reindeer population of Karelia has fallen to a little more than 3,000 individ-
uals and its southern distribution boundary has retreated northwards almost as far as Segezha while in southern Karelia
its area of distribution has been fragmented (Danilov et al., 2001). During the period 1988-2000 the southernmost
sightings of wild forest reindeers were made in the areas of Maslozero, Ogorelyshi and Sergievo in the Medvezhegorsk
district, in Porosozero, Kudom Guba and Gimoly in the Suojérvi district, and in Kugonavolok, Yangozero, Pyalma and
Pudozh-Gora in the Pudozh district.

Changes in the distribution of lynx (Lynx lynx) present an irregular pattern. Lynx are occasionally reported in
northern Karelia although not every year. At the same time its northern boundary fluctuates. Thus, during thirty-five
years of observations made in the Louhi district (bordering the Murmansk Province) lynx tracks were observed only
in the late 1960s and early 1970s, again in the mid to late 1980s and then in the late 1990s. This seven to ten year peri-
odicity is presumably related to variations in the populations of the mountain hare, the main prey of lynx in the north
taiga (Fig. 44). The mountain hare was most prolific in Karelia during the early 1960s, 1970s and 1980s. Accordingly,
lynx populations peaked during the middle parts of these periods (Fig. 44). Our evidence suggests that young animals
migrate from southern Karelia to northern Karelia when the food supply is favourable (Danilov et al., 2001).

Introduced species. As noted above, mammal fauna is significantly affected by the introduction of new
species. The first attempts of this kind in Karelia was made in 1932 when the muskrat (Ondatra zibethica L.) was
released into the Pudozh district. Following more recent releases and natural dispersal the muskrat has now spread both
throughout and outside Karelia.

In 1934 a small number of American minks (Mustela vison Schreb.) was set free near to Petrozavodsk. Today
this species is common in Karelia. Our studies have shown that the minks have acclimatised successfully mostly
because the natural population was regularly enriched by immigrants from fur farms (Danilov, 1964, 1969, 1972a).

The invasion of Karelia by the American mink was disastrous for the European mink (Mustela lutreola L.),
an aboriginal species of Karelia. Indeed, the European mink has since vanished from Karelia although it is pre-
sumed to inhabit the north-eastern part of the Pudozh district near the border between Karelia and Arkhangelsk
Province. Probably for the same reason the European mink is no longer found in Leningrad Province, over much of
the Novgorod, Pskov, Vologda and Tver provinces or in Finland (Danilov & Tumanov, 1976; Danilov, 1992;
Kauhala, 1996).
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In the early 1950s another North American species, the Canadian beaver (Castor canadensis Kuhl.) arrived in
Karelia. Beavers were released in Finland and then migrated across the border into Russian Karelia. They spread both
naturally and with human help over most of Karelia. Today there are over 4 000 Canadian beavers in Karelia.

Only ten years after the arrival of the Canadian beaver Karelia became a home once again for the European
beaver (Castor fiber L.) which spread from Leningrad Province (Danilov, 1972b, 1975c). The European beaver had
inhabited Karelia in the past and the history of the species in the area is well known (Danilov, 1976; Danilov,
Kan’shiev, 1983).

An inventory conducted in 1999-2000 showed that Karelia has no more than 1 500 European beavers. The pen-
etration of one species into the distribution area of another species is likely to trigger interspecific competition and the
ousting of one species by another. Finnish experience suggests that the Canadian beaver is likely to oust its European
relative from Karelia (Danilov et al., 2000).

As a result of the acclimatisation and natural dispersal of animals the mammal fauna of Karelia has been
enriched by seven new species, namely the muskrat, American mink, raccoon dog (Nyctereutes procyonoides Gray.),
Canadian and European beaver, wild boar and roe deer. With the exception of the roe deer, these have spread through-
out Karelia. The roe deer is not reported every year and lives mainly in southern Karelia (Danilov, 1974; 1979). In the
Murmansk Province some introduced species, e.g. muskrat and American mink, have become quite common.
However, the raccoon dog has not adapted itself to the local environment, the future of the European beaver is uncer-
tain and the roe deer is only occasionally encountered (Semenov-Tyan-Shansky, 1982; Kataev, 1998).

In addition to the above seven species, white-tailed deer (Odocoileus virginianus Zimm.), fallow deer (Cervus
dama L.) and mouflon (Ovis musimon Pall.) have acclimatised to Finnish conditions. The wild forest reindeer has
returned from Russian Karelia through natural colonisation. This last-mentioned species was also reintroduced to
south-western Finland. The fallow deer population is very small. Thus, Finland’s theriofauna has changed more con-
siderably than that of Karelia while in Murmansk Province mammal populations have not been subject to substantial
changes (Bmoosein et al., 1999).

Population variability. Analysis of variations in the distribution and numbers of animal species hunted by man
has shown that the entire terrestrial vertebrate population of north-western Russia and Fennoscandia is highly dynam-
ic and even unstable. A similar pattern is likely to be associated with other groups of animals.

This process is strikingly heterogeneous. Some species show a clear tendency to move northwards while oth-
ers go south and west. Some mammal populations fluctuate, continuous areas are broken into fragments and then again
become continuous. The ongoing processes are obviously largely due to the young age of the terrestrial vertebrate
fauna of Fennoscandia and to major antropogenic changes in the environment.

All the animal species studied vary in prolificacy. Some variations are mainly the result of natural factors, their
effects on animal populations often being periodic. The direct impact of hunting in the study area and throughout North
European Russia is relatively minor and does not account for large-scale population fluctuations. Game animal species
may be divided into three groups according to the pattern of changes in their populations (Danilov et al., 1998).

Group 1 includes the red squirrel (Sciurus vulgaris L.), mountain hare (Lepus timidus L.), red fox (Vulpes
vulpes L.), weasel (Mustela nivalis L.), stoat (Mustela erminea L.), polecat and lynx. The population levels of most
predators in this group depend directly on those of their main prey.

Group 2 comprises species affected by both natural (but not periodic) and anthropogenic factors. It includes
animals hunted by man such as the moose, wild forest reindeer, wild boar and various large predators such as the wolf
and wolverine which compete with man for hoofed animals.

Group 3 is made up of the muskrat, beaver, American mink, pine marten (Martes martes L.) and brown bear
(Ursus arctos L.). These are affected by hunting to the same degree as the aforementioned mammals but the impact
of hunting varies according to fluctuations in the demand for their pelts. The brown bear could also be placed in group
2 as it plays an important role as a predator in controlling moose populations. Cyclic variations in prolificacy are not
typical of this group.

Comparison between Karelia and Finland. Analysis of the data obtained during our large-scale monitoring
of animals hunted by man (Danilov et al., 1996, 1997, 1998, 1999, 2000; Helle et al., 1997, 1998, 1999, 2000) in East
Fennoscandia (Republic of Karelia and Finland) indicates that species composition varies little over most of the region
except for the Russian-Finnish border where appreciable differences occur (Linden et al., 2001). The border divides
the moose into two populations inhabiting relatively similar environments. However, the impact of human activities
on the moose and its habitats differs significantly from one side of the border to the other. These differences are a result
of historic, cultural, economic and social factors and have led to differences in the distribution, population and form
of human exploitation (Fig. 45).

Many medium-sized predators are more prolific in Finland as they thrive on deforested and agricultural lands
which cover larger areas in Finland than in Karelia (Henttonen, 1989). Extensive forest management results in changes
in the species composition of small mammal communities. For example, voles of the Cletriomys genus typical of for-
est fauna give way to voles of the Microtus genus. It is clear that the forest management methods used nowadays in
Finland serve to increase the number of voles and their predators. Thus, the red fox is far more common in Finland
than in Russian Karelia (Fig. 46) (Linden et al., 2000).

A comparison of the estimated population levels of twenty-four species in Russian Karelia and Finland allows
the following six categories to be drawn up (Danilov et al., 1997);
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1. Species which are far more common in Karelia: wolf, brown bear, polecat and wolverine (Fig. 47);

2. Species which are more common in Karelia: wild boar and forest reindeer;

3. Species which are more or less equally common to both countries: stoat (Fig. 48), American mink, pine
marten, lynx, red squirrel (Fig. 49), European and Canadian beaver;

4. Species which are more common in Finland: mountain hare (Fig. 50), raccoon dog, red fox, weasel,
moose and otter;

5. Species which are far more common in Finland: European hare and roe deer;

6. Species which live only in Finland: fallow deer, white-tailed deer and mouflon.

Average species diversity as given by the number of species (out of twenty selected wildlife species) pres-
ent in any given area of 50 x 50 km is much higher in Russian Karelia (17.8) than in Finland (14.9) (Linden et al.,
2000). This difference is of the order of 20% and is mostly accounted for by the presence or absence of particular
forest species.

Forest reindeer, wolverine, pine marten and squirrel occur in greater numbers in the mature primeval forests
growing along the border zone in Karelia. In Finland, especially in its northern part with well-developed agriculture,
the mountain hare, red fox and lynx are far more common than in areas of Russian Karelia of corresponding latitude.
Similarly, the distribution boundary of lynx is much farther north in Finland than in the Kola Peninsula.

Conservation. Over the past decade the populations of some of the large predators such as the wolf, brown
bear and wolverine have grown rapidly in Finland as a result of their protection. As a consequence the moose popu-
lation of north-eastern Finland has fallen.

In both Russian Karelia and Finland attitudes towards species listed in the Red Data Books remain an acute
problem. Of twenty-six species described in the Red Data Book of Karelia (1995), the pygmy shrew (Sorex minutis-
simus Zimm), graves shrew (Sorex isodon Turov), brown bat (Plecotus auritus L.), common field mouse (Apodemus
silvaticus Melch.), yellow-necked mouse (Adpodemus flavicolis Melch.), striped field mouse (Adpodemus agrarius
Pall.), black rat (Rattus rattus L.), wood lemming (Myopus schisticolor Lill.), European hare, arctic fox (4lopex lago-
pus L.) and polecat are not in need of special protection. The pond bat (Myotis dasycneme Boie), water bat (or
Daubenton’s bat — Myotis daubentoni Kuhl), whiskered bat (Myotis mystacinus Kuhl), flying squirrel (Pteromys volans
L.), European beaver, garden dormouse (Eliomus quercinus L.), badger, weasel (Mustela nivalis L.) and wild forest
reindeer all require partial protection. The common hedgehog (Erinaceus europaeus L.), European mink (Mustela
lutreola L.), wolverine, otter (Lutra lutra L.), Ladoga seal (Pusa hispida ladogensis Nordq.) and roe deer are in need
of full protection. Other animals listed as rare or endangered in the Red Data book of East Fennoscandia (1998) include
the large predators such as the brown bear, wolf and lynx. These species require protection in Finland whereas in
Karelia they are common. Indeed, wolf hunting is permitted in Karelia all year round.

Conclusion. The long-term sustainable exploitation of game animal populations, primarily hoofed species,
requires continuous management of their distribution areas, population densities, sex, age and areal structures, birth
rates, mortality, etc. Observations based solely on the administrative principles will not solve the problem as season-
al migration corridors and winter sites in need of protection are located not only in different administrative units but
also in different countries. Therefore international monitoring is needed. Based on a study of the seasonal migration
and winter grazing sites of moose (Danilov & Markovsky, 1998) a scheme indicating a network of temporary protec-
tion areas (wildlife reserves) was made in order to restore moose populations (Fig. 51). Large predators have become
an acute problem. They are protected in Finland and other EU countries but in Karelia and other parts of North
European Russia their numbers need to be controlled. The sustainable exploitation and management of cervids and
predatory animal populations will help to maintain the genetic diversity of these animals as well as their roles within
ecosystems and their significance to human society.

3.6. Birds
3.6.1. General characteristics of bird fauna

Introduction. Owing to its geographic position and nature Karelia has long been a source of great interest to
ornithologists (Neufeldt, 1970). In spite of this little is known about the species composition and distribution of birds in
Karelia. In the review ‘Bird fauna of Karelia’ (Zimin et al., 1993) an attempt was made for the first time to summarise
data concerning the composition and distribution of individual bird species. The authors of this book have analysed the
relevant literature published before 1991, the archives of the Karelian Research Centre and the information collected by
the Kivach Strict Reserve. They have found that available data for the bird fauna of much of Karelia is old and frag-
mentary. Indeed, some areas have not been studied at all. Gaps in our knowledge have been partly filled over the past
few years by a large-scale inventory conducted largely under the programme entitled ‘Inventory and study of biodiver-
sity in the Republic of Karelia’. Some projects received support from the Russian Ministry of Science and Technology,
the Bird Conservation Union of Russia, the Kizhi Reserve Museum and the Kenozersky National Park.

Studies on bird fauna carried out over the past decade have thrown more light on the boundaries, distribution
patterns and occurrence of many birds in Karelia. New evidence for the nesting of rare species has been presented in
numerous papers published in local and important journals. The Red Data Book of Karelia (1995) and the Red Data
Book of East Fennoscandia (1998) have both appeared. The most valuable ornithological sites have been listed in the
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catalogue entitled ‘Important Bird Areas of International Value in European Russia’ (Important...2000a,b) and in the
Ramsar Convention Lists of Wetlands (Wetlands ..., 1998, 1999, 2000). New strictly protected areas (SPAs) have been
established to conserve regional bird fauna. Information on all SPAs established up to 2000 is presented in the report
‘Strictly protected areas of Karelia’ (Hokhlova et al, 2000).

The present paper reviews the main results of bird studies conducted in Karelia over the past decade. Additional
information for the review ‘Bird fauna of Karelia’ (Zimin et al., 1993) is summarised, existing evidence concerning
species composition is updated and a list of Karelian birds drawn up at the end of 2000 is presented (Table 24).

Table 24
Strictly protected areas (SPA) are most vital for the protection of Karelian birds
Name of Reserve | Area (ha)
State Strict Nature Reserves
Kivach 10 900 (+ 5 800 protection zone)
Kostomuksha 47 600
State National Parks
Vodlozero 468 300
(130 600 in Karelia, 337 700 in the Arkhangelsk area)
Paanajérvi 104 400
State Federal Zoological Reserves
Olonetsky 27 000
Kizhsky 50 000
State Regional Hunting Reserves
Keretsky 21 000
Vongomsky 6 500
Shuiostrovsky 10 000
Tuloksky 10 000
Northern Priladozhye 13 200
State Regional Mire Reserves
Nyukhcha Mire | 3500
State Regional Landscape Reserves
Shaidomsky 29 000
Muromsky 32 600
Kuzova 3600
Andrusovo 900
Arctic Circle 28 600
Tolvajérvi 41900
Soroksky 73 900
West Archipelago 19 500
State Regional Mire Natural Monuments
Vazhinsky Mire 8500
Lebyazhye Mire 700
State Native Landscape Area

Valaam | 24 700

Characteristics of the study region and background of ornithological research. Karelia is located in north-
western Russia in the north and mid-taiga subzones and borders Finland to the west. It extends 660 km from north to
south and 424 km from west to east while its area amounts to 180

520 square kilometres. Forests cover over half of Karelia, water bodies make up 23%, mires about 20% and
residential areas, communication facilities etc. just 1.5%. Agricultural lands account for only 1.1%. Karelia has a
unique hydrological network consisting of 26 700 rivers, over 61 000 lakes including Ladoga and Onega, the
largest lakes in Europe, and also the western part of the White Sea. Mires are highly diverse and together with
paludified forests make up 30% of Karelian area (State report, 1998). Karelia’s bird fauna is dominated by species
restricted to tree-shrub and wetland habitats. Open landscape and synantropic birds associated with human habi-
tations are scarce.

Karelia is located on the eastern margin of the Baltic shield between 60°40' N and the Arctic Circle (66°40' N).
This latitude constitutes a zone of contact between large ornitofaunistical complexes associated with European
deciduous forests, European north-taiga, Siberian taiga and the Arctic zone. Thus the regional fauna is highly
heterogeneous and over 40% of species occur close to their distribution boundaries (Zimin, 1988).

Both the biotope spectrum and species composition of plants and animals change gradually on moving north-
wards. Some broad-leaved trees such as lime, elm and common alder are still present in southern Karelia. However,
in the northern part of the region the proportion of north-taiga and Arctic species rises. Rugged relief, numerous
islands and coastal zones, a variety of small water bodies and river systems, and a plethora of mire types contribute to
the environmental diversity of the region. The mainland portion of Karelia is relatively uniform but three provinces
connected with large water bodies, namely, the White Sea province (Pribelomorye), the Lake Ladoga province
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(Priladozhye) and Obonezhye, are quite unique. As environmental differences also affect bird populations the bird
communities scattered throughout the region often differ considerably from one another.

All the above factors make Karelia one of the most interesting faunistic regions in North Russia (Neufeldt,
1970). However, poor roads, sparsely populated areas, extensive mires and numerous insular systems make it difficult
to study the region in detail. Consequently, field work has long been restricted to preliminary studies carried out close
to major highways and data on bird fauna has only occasionally been collected. It was not until the 20th century that
detailed studies facilitated by the establishment of the Kandalaksha and Kivach Strict Reserves and the founding of
the Karelian Research Centre RAS began. Most attempts to summarise and systematise fragmental data on regional
bird fauna were made as part of a zoogeographic demarcation (Bianki,1922; larvin, 1947, 1957; Neufeldt, 1958;
Ivanter, 1968).

I. A. Neufeldt (1970) was the first to sum up initial data. She described the background of ornithological
research in Karelia, analysed earlier information and drew up a complete list of 231 bird species.

In the 1970s—1980s population studies of representative bird species were conducted in selected areas (Zimin
& Kuzmin, 1980; Zimin, 1988 et al.). This work began in Prionezhye and continued in eastern Priladozye at the
Experimental Station of the Institute of Biology near Obzha. Additional studies were carried out in the Kivach Strict
Reserve. Regional fauna was studied in the vicinity of Kostomuksha and in the Kizhi Skerries. Birds were counted in
various types of landscapes (Danilov et al., 1977; Hokhlova, 1977; Volkov et al.,1995 et al.). An updated list of 282
bird species known in the region was presented in the review ‘Bird fauna of Karelia’ (Zimin et al., 1993). Five species
were not included in this list due to their uncertain status.

Lack of funding for basic research in the 1990s hindered population studies. At the same time new opportuni-
ties were provided and sources of funding were found in Karelia and adjacent areas. Some territories near the Russian-
Finnish border, in Zaonezhye, Priladozye, Pribelomorye and in Central Karelia were studied. Existing and proposed
national parks, the Kuzova, Soroksky, Andrusovo and West Archipelago Landscape Reserves and other protected areas
were investigated (Sazonov,1997; Sazonov & Medvedev, 1997, 1999; Zimin et al., 1998a; Sazonov et al.,1994, 1998;
Hokhlova, 1998; Hokhlova & Artemyev, 1999; Hokhlova et al., 2000b et al.). Also studied were the adjacent parts of
the Arkangelsk Oblast near the Vodlozerskyo and Kenozersky National Parks and in the vicinity of Lake Lacha
(Sazonov, 1995; Hokhlova et al., 1998, 1999 et al.). Ornithological monitoring is now in progress in the Kivach Strict
Reserve and in the Olonets and Kizhi Federal Reserves. New information on spring bird migration in Priladozhye
(Zimin et al., 1997, 1998 &) and the first evidence for autumn migration in Zaonezhye were obtained (Hokhlova et al.,
1999 &). Up-to-date information on birds in the Valaam Archipelago was collected (Mikhaleva & Birina, 1997 et al.).
The review paper ‘Birds of the Kola-White Sea region’ (Bianki et al.,1993) was published and several other papers
dealing in part with Karelia appeared. These studies provided a large body of new data on the populations, distribu-
tion patterns and biology of bird species in Karelia.

Results. The list of Karelian birds made up in the year 2000 consists of 291 species (Appendix). Of these 210
are nesting species (Grey Partridge Perdix perdix no longer breed in Karelia), 21 species are transitory (three of them
are assumed to nest occasionally) and 56 species are occasionally observed (9 of which probably nest occasionally).
The scientific names of bird species in the text and in the table are given in accordance with ‘The EBCC Atlas of
European Breeding Birds’ (1997).

Added to the earlier list (Zimin et al., 1993) are the Storm Petrel Hydrobates pelagicus, Gannet Morus bassana,
Pallid Harrier Circus macrourus, Middle Spotted Woodpecker Dendrocopos medius, Calandra Lark Melanocorypha
calandra, Tawny Pipit Anthus campestris, Rock Pipit A. petrosus, Lanceolated Warbler Locustella lanceolata and
Arctic Redpoll Carduelis hornemanni. More light was shed on the nesting patterns of Steller’s Eider Polysticta stel-
leri, King Eider Somateria spectabilis, Spotted Redshank Tringa erythropus, and Red-Flanked Bluetail Tarsiger cya-
nurus etc. and the migration of the White-billed Diver Gavia adamsii, Glaucous Gull Larus hyperboreus, Whater Rail
Rallus aquaticus, Short-toed Eagle Circaetus gallicus, Montagu’s Harrier Circus pygargus and Redshank Tringa
totanus (Zimin et al., 1997 b,c; 1998c; Kokhanov, 1998, 1999; Mikhaleva & Birina, 1997).

Of special interest is evidence concerning the distribution and population dynamics of species occurring close
to their distribution boundaries which contribute greatly to regional fauna in Karelia (Lapshin, 1997; Zimin et al.,1997
a; Hokhlova et al.,1999 a, b; Artemyev & Hokhlova, 2000; Hokhlova & Artemyev, 2000 a,b et al.). This data is used
to more precisely identify the nesting sites and regular nesting zones of the White Stork Ciconia ciconia, White-
Backed Woodpecker Dendrocopos leucotos, Black Tern Chlidonias niger, Coot Fulica atra, Hawfinch Coccothraustes
coccothraustes, Red-throated Diver Gavia stellata, Red-necked Grebe Podiceps griseigena, and Whooper Swan
Cygnus cygnus, etc. Long-term observation was conducted in some parts of the region to trace shifts in the boundaries
of distribution areas and to cast more light on the population dynamics of the Great Crested Grebe Podiceps cristatus,
Little Gull Larus minutus, Black-headed Gull Larus ridibundus, Honey Buzzard Pernis apivorus, Buzzard Buteo buteo
etc. Important new evidence was also collected concerning the occurrence and breeding of rare species including the
Pochard Aythya ferina, Oystercatcher Haematopus ostralegus, Arctic Tern Sterna paradisaea Pontopp., Little Bunting
Emberiza pusilla, Stonechat Saxicola torquata, Quail Coturnix coturnix, Greenfinch Carduelis chloris, Blue Tit
Parus caeruleus, Booted Warbler Hippolais caligata and Arctic Warbler Phylloscopus borealis, etc. in uncommon
nesting zones.

Rare and poorly represented species. Many rare and poorly represented bird species are in need of protec-
tion. Some birds listed in the Red Data Book of Russia (2000), e. g. the Black-throated Diver Gavia arctica, Osprey
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Pandion haliaetus and Curlew Numenius arquata, are still quite common here. The Red Data Book of Karelia, pub-
lished in 1995 contains data on 47 bird species (Appendix, bold type) as well as reviews of information on individual
species collected before 1993.

Additional data concerning the distribution of rare species, in particular certain large predatory birds included
in international lists of protected species, has been obtained over the past few years (Sazonov, 1995; Zimin et al.,
1998c; Artemyev & Hokhlova, 1999 et al.). Our studies show that the distribution areas and populations of some birds
have changed considerably in the past decade and, therefore, require more attention. Listed in the Red Books for adja-
cent parts of Russia and East Fennoscandia (1998) are 50 Karelian bird species. In a revised version of the Red Data
Book of Russia reference is made to some populations whose numbers have been falling throughout the region.
Detailed in the Red Data Book of Russia (1985) were 11 Karelian bird species. In a new edition of the Red Data Book
of Russia 25 species are described with 14 more species listed in the Supplement as birds in need of protected status
(Red Data Book of Russia, legal acts, 2000). Thus, the lists of Karelian protected birds need to be revised and reviews
extended.

Zoogeographic demarcation. Based on new and more complete information on the species composition and
regional distribution of birds, attempts to more accurately demarcate Karelia zoogeographically can be made. Until
now demarcation has consisted of subdividing Karelia into the South Karelian, Mid-Karelian and North Karelian zoo-
geographic subprovinces. All scientists agree, however, that the White Sea region is faunistically quite different from
the other zoogeographic provinces.

Our analytical data reveals a specific pattern displayed by the coastal and insular bird fauna in the White Sea
region (Bianki et al., 1993; Zimin, 1998; Kokhanov, 1999; Sazonov & Medvedev, 1999; Hokhlova & Artemyev, 1999
et al.). Thus, Pribelomorye can be regarded as a zoogeographic province in the Kola-White Sea region (Bianki et
al.,1993).

Subdivision of the mainland portion of Karelia into three latitudinal zones seems to be appropriate. Difference
in the species composition of birds at the western and eastern boundaries of each subprovince is relatively small.
Indeed, the only significant difference is the occurrence of the Ring Quzel Turdus torquatus in the Lake Paanajarvi
area. At the same time, the southern and northern boundaries of the Middle Karelian transitional subprovince present-
ly drawn along latitudes 62° and 63°30° N respectively (Ivanter, 1975) should be corrected in accordance with new
evidence concerning bird distribution areas which indicates that the above range of latitudes only reflects the situation
in the central part of the region. In eastern Karelia the southern boundaries of many northern birds extend much far-
ther south of 62 ° N. In western Karelia the northern boundaries of southern species stretch north of 63°30° N.
However, available data on the present bird distribution pattern in Middle Karelia is too scanty to delineate this tran-
sitional subprovince more precisely.

Differences in the species composition of birds in each zone usually result from permanent changes in local
environments caused by considerable anthropogenic transformation to the landscapes. At the same time there are areas
in Karelia that owe their faunistic diversity to characteristics of the local environment. For example, the skerries and
islands in northern Priladozye may be identified as highly valuable ecological zones.

In the islands located in the north-eastern part of Lake Ladoga semi-marine conditions prevail. Common
species occur together with some nesting marine birds such as the Velvet Scoter Melanitta fusca, Long-tailed Duck
Clangula hyemalis, Eider Somateria molissima, Arctic Tern, Turnstone Arenaria interpres, Oystercatcher and a colony
of Caspian Tern Sterna caspia (Medvedev, Sazonov, 1994; Pakarinen & Siikavirta, 1993; Birina, 1994; Mikhaleva &
Birina, 1997; Lapshin, 2000).

Zaonezhye is remarkable for the prolificacy and diversity of its bird populations. This a meeting point for south-
ern and northern species. The Whooper Swan, Arctic Tern and Oystercatcher are found here while nesting birds
include the Little Gull, Great Crested Grebe, Bittern Botaurus stellaris, Spotted Crake Porzana porzana, Coot, Thrush
Nightingale Luscinia luscinia, Greenfinch Carduelis chloris, Blue Tit, Hawfinch, Goldfinch Carduelis carduelis and
many other southern species (Hokhlova, 1998, Hokhlova & Artemyev, 2000c; Hokhlova et al., 2000b).

Important Birds Areas (IBA). Owing to its nature and geographic position Karelia is an important region for
many North European bird populations. Local environments are conducive to large-scale breeding of wetland and taiga
species. Birds that migrate along the White Sea-Baltic Sea corridor gather here. Although Karelia is a small northern
region its bird fauna is as prolific and specifically diverse as that of large regions lying further south, e.g. the Moscow
Province (Important ..., 2000a).

A survey of IBAs of regional, federal and international value began in Karelia in 1997 and is still in progress.
Most of the nine localities of European and global significance selected and listed in the Catalogue ‘Important Bird
Areas of international significance in European Russia’ (Important ..., 2000a,b) are sites at which large numbers of
wetland birds nest or congregate during migration. These are 1) the Olonets Plain; 2) reed-covered shallow-water
zones near the eastern shore of Lake Ladoga; 3) the Valaam Archipelago; 4) Zaonezhye skerries; 5) some lakes in
northern Karelia; 6) Onega Bay area of the White Sea (partly in the Arkhangelsk Province); 7) Kandalaksha Bay area
of the White Sea (partly in the Murmansk Oblast); 8) the Lake Vodlozero area inhabited by the largest group of rare
birds of prey; and 9) the Kivach Strict Reserve with its typical Karelian coniferous taiga bird complex. Two more IBAs
of international significance, namely the Lake Kenozero area (Kenozersky National Park and its environs together
with the Plesetsk and Kargopol districts) and Lake Lacha (Kargopol district), were selected from Arkhangelsk
Province adjoining south-eastern Karelia.
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The Kuzova Islands and Kandalaksha Bay were included in the Ramsar Convention List of Wetlands
of International Significance (1998), three more localities were added to the Ramsar Convention Perspective
List (2000) and some other territories were proposed for a second version of the List (Kuznetsov & Hokhlova,
2000).

At the same time, Karelia is expected to contain a much greater number of ornithologically valuable territo-
ries than is presently recognised. Preliminary information on less thoroughly studied localities elsewhere in Karelia is
yet to be corroborated. A list of IBAs of local value is to be made up. Therefore, the inventory process needs to be
continued in Karelia in the future.

The impact of human activities. Analysis has revealed important changes in the bird fauna of Karelia over
the past few decade. The most important single cause of this has been the increasing transformation of landscapes by
commercial activities. Taiga nature has been destroyed by deforestation, forest reclamation, the pollution and eutroph-
ication of water bodies, the use of herbicides, forest fires, irresponsible tourism, the construction of communication
lines, etc. However, the greatest detrimental effect on Karelian native communities results from the large-scale felling
of primeval forests which are then succeeded by secondary stands.

Primeval forests in Karelia consist of various types of pine and spruce stands. According to official statisti-
cal data (State report ..., 1998) pine and spruce stands cover 89% of Karelia’s forested area. However, all of these
have been damaged by felling and most exist in the form of managed stands with profoundly altered age structures
and relatively high proportions of deciduous species. Young stands (39%) and medium-aged forests (21.2%) pre-
dominate. Relatively large fragments of only slightly transformed old-growth forests have survived mainly near to
the Finnish-Russian border, in the Pudozh and Kondopoga districts (Kivach Strict Reserve) and along the White
Sea coast.

The bird populations of undisturbed north taiga is highly stable but its species composition is relatively poor
and total numbers of birds are small (100-200 pairs’km2). Secondary stands and their fauna have certain characteris-
tics of their own which depend on the forest management methods used. For instance, the large-scale intensive ma-
nagement of forests in Finland has impoverished its native communities and profoundly affected the habitats of many
forest birds. Consequently, some species listed as being very rare in the Red Data Books of Finland and Eastern
Fennoscandia (1998), e.g. the Great Grey Owl Strix nebulosa, Pygmy Owl Glaucidium passerinum, White-Backed
Woodpecker and Great Grey Shrike Lanius excubitor etc., are not rare in Karelia. Since felling technology on the
Russian side of the border differs from that employed in Finland, Karelian transformed forests are characterised by
complex age structures and species composition of vegetation, mosaic and fragmented biotopes, decaying wood and
well-developed undergrowth. Their bird populations are highly diversity and numerous (700-800 pairs/km?
(Hokhlova, 1977, 1998; Volkov et al., 1990; 1995). Indigenous fauna is enriched by species associated with deci-
duous forests. The anthropogenic transformation of landscapes is also associated with an increase in the numbers and
population densities of southern species (Zimin, 1988).

These processes are especially pronounced in the Mid-Karelian zoogeographic subprovince. Over the past 30 years
the nesting fauna of Zaonezhye (Hokhlova,1977, 1998 a; Hokhlova & Artemyev, 1996) has grown to include the Thrush
Nightingale, Blyth’s Reed Warbler Acrocephalus dumetorum, Marsh Warbler A. palustris, Blackcap Sylvia atricapilla,
Wood Warbler Phylloscopus sibilatrix, Greenish Warbler Ph. trochiloides, Blackbird Turdus merula, Hawfinch and Little
Gull Larus minutus. The populations of Great Crested Grebe, Honey Buzzard and Black-headed Gull have markedly
increased. Many southern species, e.g. the Corncrake Crex crex, Icterine Warbler Hippolais icterina, Common Rosefinch
Carpodacus erythrinus, Garden Warbler Sylvia borin, Great Tit Parus major etc., are far more common and numerous than
would be expected at these latitudes. At the same time, indigenous taiga birds adapted to northern environments such as the
Capercaillie Tetrao urogallus, Hazel Grouse Bonasa bonasia, Three-toed Woodpecker Picoides tridactylus etc., are less
well represented.

To sum up, as primeval forests are being transformed the species diversity and prolificacy of forest bird species
are increasing in Karelia in contrast to the majority of Europe. It should be noted that the largest contribution is made
by unstable peripheral populations of species which are intrinsically poorly adaptable to northern conditions. Thus, the
replacement of indigenous taiga bird communities by more diverse ones is accompanied by a decline in the hardiness
Karelian bird cenoses.

Strictly protected areas (SPAs). The conservation of native bird habitats is promoted by a network of strictly
protected areas that covers 5.5% of Karelia (Hokhlova et al., 2000 &). Various forms of prohibition or restriction of
wildlife management activities such as amelioration, clear felling, fishing, licensed hunting etc., has greatly reduced
the impact of human activities on ecosystems in protected areas even though full protection is not really ensured. These
steps taken are important for the maintenance of the breeding potential and species diversity of Karelian fauna. SPAs
provide shelter for the largest groups of protected migrating birds known in the region. Some species such as the
Caspian Tern, White-tailed Eagle Haliaeetus albicilla, Osprey, Golden Eagle Aquila chrysaetos, Peregrine Falco pere-
grinus and Ring Ouzel are known to nest in Karelia.

Twenty-three SPAs are considered vital for the protection of Karelian bird fauna (Table 24). As a result of re-
assessment some of these, primarily large federal reserves such as the Kivach and Kostomuksha Strict Reserves, the
Paanajérvi and Vodlozero National Parks, and the Olonetsky and Kizsky Federal Zoological Reserves, will be includ-
ed in the list of Important Birds Areas (IBA) of Karelian and Federal value.
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Appendix
LIST OF KARELIAN BIRDS
111 v
Nn ! I N \ T A Source of information
Gaviiformes
1. Red-throated Diver Gavia stellata (Pontopp.) ++ - ++ -
2. White-billed Diver G. adamsii (G.R.Gray) - - - + | Bianki et al.,1993
3. Black-throated Diver G. arctica (L.) +++ - -+ —
Podicipitiformes
4. Little Grebe Tachybaptus ruficollis (Pall.) - - - +  |Noskov et al., 1981
5. Black-necked Grebe Podiceps nigricollis Gh.L.Brehm - - - + Shibanov, 1927
Noskov et al., 1981
6. Slavonian Grebe P. auritus (L.) + - - -
7. Red-necked Grebe P. grisegena (Bodd.) ++ - ++ -
8. Great Crested Grebe P. cristatus (L.) ++ - ++ —
Procellariiformes
9. Storm Petrel Hydrobates pelagicus (L.) - - - + |Bianki et al.,1993
10. | Gannet Morus bassanus (L.) - - - + |Bianki et al.,1993
Pelicaniformes
11. | White Pelican Pelecanus onocrotalus L. - - - + Koskimies, 1979
12. [Cormorant Phalacrocorax carbo (L.) + + + —
Ciconiiformes
13. |Bittern Botaurus stellaris (L.) +) - - +
14. | Great White Egret Egretta alba (L.) - - - + |Zimin et al., 1993
15. |Grey Heron Ardea cinerea L. - - - +
16. | Spoonbill Platalea leucorodia L. - - - + | Vesanen, 1929
(after Neufeldt, 1970)
17. | White Stork Ciconia ciconia (L.) + - - +
18. |Black Stork C. nigra (L.) — — — + |Zimin etal., 1993
Anseriformes
19. |Mute Swan Cygnus olor (Gm.) - - - + | Vesanen, 1929
(afer Neufeldt, 1970)
20. | Whooper Swan C. cygnus (L.) ++ - +H+ -
21. |Bewick’s Swan C. columbianus bewickii Yarr. - - ++ -
22. |Greylag Anser anser (L.) ) - + -
23. | Whitefront A. albifrons (Scop.) - - +++ -
24. |Lesser Whitefront A. erythropus (L.) - - +
25. |Bean Goose A. fabalis (Lath.) ++ - +++ -
26. |Canada Goose Branta canadensis (L.) + - + +
27. |Barnacle Goose B. leucopsis (Bechst.) - - + -
28. |Brent Goose B. bernicla (L.) - - ++ -
29. |Ruddy Shelduck Tadorna ferruginea (Pall.) - - - +  |Koskimies, 1979
30. |Shelduck T. tadorna (L.) +) - - + Cherenkov & Semashko, 1990
31. |Mallard Anas platyrhynchos L. +++ ++ +H+ -
32. |Teal A. crecca L. +++ + 4+ -
33. |Gadwall A. strepera L. + - + — | Koskimies, 1979
34. | Wigeon A. penelope L. +++ - +++ -
35. |Pintail A. acuta L. ++ - ++ -
36. |Garganey A. querquedula L. + - + -
37. |Shoveler A. clypeata L. + - + -
38. |Steller’s Eider Polysticta stelleri (Pall.) + - - +  |Kokhanov, 1998
39. |Eider Somateria molissima (L.) +++ +++ ++ -
40. |King Eider S. spectabilis (L.) + - - + |Kokhanov, 1999
41. |Pochard Aythya ferina (L.) + - + -
42. |Tufted Duck A. fuligula (L.) +++ -+ -
43. |Scaup A. marila (L.) ++ - ++ -
44. |Mandarin Aix galericulata (L.) - - - + |Zimin et al., 1993
45. |Velvet Scoter Melanitta fusca (L.) ++ - ++ -
46. |Common Scoter M. nigra (L.) + - +++
47. |Long-tailed Duck Clangula hyemalis (L.) + + +++ -
48. |Goldeneye Bucephala clangula (L.) +++ + -+ -
49. |Barrow’s Goldeneye B. islandica (Gm.) - - - + | Borshchevsky,1999
50. |Smew Mergus albellus L. + - + -
51. |Red-breasted Merganser M. serrator L. +++ + +++ -
52. | Goosander M. merganser L. ++ + ++ —
Falconiformes
53. |Osprey Pandion haliaetus (L.) ++ - + -
54. |Honey Buzzard Pernis apivorus (L.) ++ - ++ -
55. |Black Kite Milvus migrans (Bodd.) + - + -
56. |White-tailed Eagle Haliaeetus albicilla (L.) + + + -
57. | Goshawk Accipiter gentilis (L.) ++ ++ ++ -
58. | Sparrowhawk A. nisus (L.) +++ ++ +++ -
59. |Rough-Legged Buzzard Buteo lagqopus (Pontopp.) + + ++ -
60. |Buzzard B. buteo (L.) ++ — ++ —
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61. |[Spotted Eagle Agquila clanga Pall. + - + -

62. |Lesser Spotted Eagle A. pomarina Ch. L. Brehm - - - +

63. |Golden Eagle A. chrysaetus (L.) + + + -

64. |Egyptian Vulture Neophron percnopterus (L.) - - - +  |Mericallio, 1958

65. | Griffon Vulture Gyps fulvus (Halb.) - + | Koskimies, 1979

66. |Short-toed Eagle Circaetus gallicus (Gm.) - - - +

67. |Hen Harrier Circus cyaneus (L.) ++ - ++ -

68. |Pallid Harrier C. macrourus (Gm.) - - - + |Ziminetal., 1997 b

69. |Montagu’s Harrier C. pygargus (L.) +) - + |Ziminetal., 1997 c; State

Report., 1998

70. |Marsh Harrier C. aeruginosus (L.) + - + -

71. |Kestrel Falco tinnunculus L. + - + -

72. |[Merlin F. columbarius L. ++ + ++ -

73. |Red-footed Falcon F. vespertinus L. + - +

74. |Hobby F. subbuteo L. +++ - +++ -

75. | Gyrfalcon Falco rusticolus L. - - v + | Bianki et al.,1993;

Zimin et al.,1993
76. |Peregrine Falco peregrinus Tunst. + - + -
Galliformes

77. | Grey Partridge Perdix perdix (L.) /+/ [+ - -

78. | Quail Coturnix coturnix (L.) + - - +

79. |Pheasant Phasianus colchicus L. - - - + Zimin et al.,1993

80. |Ptarmigan Lagopus mutus (Mont.) - - - +

81. | Willow Grouse L. lagopus (L.) ++ ++ - -

82. |Capercaillie Tetrao urogallus L. ++ ++ - -

83. |Black Grouse T. tetrix (L.) +++ -+ -

84. |Hazel Grouse Tetrastes bonasia (L.) +++ ++ - -

Gruiformes

85. |Corncrake Crex crex (L.) ++ - ++ -

86. |Spotted Crake Porzana porzana (L.) + - - -

87. |Little Crake P. parva (Scop.) (+) - - + |Zimin et al.,1993

88. | Water Rail Rallus aquaticus L. - - - +  |Mikhaleva & Birina, 1997

89. |Moorhen Gallinula chloropus (L.) +) - - + | Koskimies, 1979

90. |[Coot Fulica atra L + - - -

91. [Crane Grus grus (L.) ++ - ++

Charadriiformes

92. |Grey Plover Pluvialis squatarola (L.) - - +

93. |Golden Plover Pl. apricaria (L.) ++ - +++ -

94. |Ringed Plover Charadrius hiaticula L ++ - ++ -

95. |Little Ringed Plover Ch. dubius Scop. ++ - ++ -

96. | Dotterel Ch. morinellus L. - - + -

97. |Lapwing Vanellus vanellus (L.) +++ - +++ -

98. | Opystercatcher Haematopus ostralegus L. +++ - ++ -

99. | Green Sandpiper Tringa ochropus L. +++ - ++ -

100. | Wood Sandpiper T. glareola L. ++ - +H+ -

101. |Greenshank T. nebularia (Gunn.) ++ - ++ -

102. |Redshank T. totanus L. + - + -

103. |Spotted Redshank T. erythropus (Pall.) + - + — | Kokhanov, 1999

104. |Marsh Sandpiper T. stagnatilis (Bechst.) - - - +

105. | Common Sandpiper Actitis hypoleucos (L.) +++ - s -

106. | Terek Sandpiper Xenus cinereus (Guld.) + - + -

107. |Red-necked Phalarope Phalaropus lobatus L. + - ++ -

108. | Turnstone Arenaria interpres (L.) ++ - ++ -

109. |Ruff Philomachus pugnax (L.) + - ++ -

110. |Little Stint Calidris minuta (Leisl.) - - + -

111. | Temminck’s Stint C. temminckii (Leisl.) + - + -

112. |Curlew Sandpiper C. ferruginea (Pontopp.) - - ++ -

113. |Dunlin C. alpina (L.) - - +++ -

114. | Purple Sandpiper C. maritima (Brlnn.) - - - +

115. |Sanderling C. alba (Pall.) - - + -

116. |Knot C. canutus (L.) - - + -

117. | Broad-billed Sandpiper Limicola falcinellus (Pontopp.) +) - + -

118. |Jack Snipe Lymnocryptes minimus (Brunn.) + - ++ -

119. | Great Snipe Gallinago media (Lath.) + - ++ -

120. |Snipe G. gallinago (L.) +++ - +++ -

121. | Woodcock Scolopax rusticola L. +++ - +++ -

122. | Curlew Numenius arquata (L.) ++ - ++ -

123. | Whimbrel N. phaeopus (L.) ++ - ++ -

124. | Black-tailed Godwit Limosa limosa (L.) (+) - - +

125. | Bar-tailed Godwit L. lapponica (L.) (+) - + -

126. |Pomarine Skua Stercorarius pomarinus (Temm.) - - - + |Bianki et al.,1993

127. [Arctic Skua St. parasiticus (L.) + - + -
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128. |Long-tailed Skua St. longicaudus Vieill. - - + — |Noskovetal., 1991;
Bianki et al., 1993
129. |Common Gull Larus canus L. 4+ + +++ -
130. [Herring Gull L. argentatus Pontopp. ++ + ++ -
131. | Lesser Blackback L. fuscus L. ++ - ++ -
132. | Great Blackback L. marinus L. ++ - ++ -
133. | Glaucous Gull L. hyperboreus Gunn. - + - +  |Kokhanov, 1999
134. | Black-headed Gull L. ridibundus L. +++ - +++ -
135. | Little Gull L. minutus Pall. ++ - ++ -
136. | Kittiwake Rissa tridactyla (L.) - - + -
137. |Black Tern Chlidonias niger (L.) +) - - +
138. |Common Tern Sterna hirundo L. +++ - +++ -
139. | Arctic Tern St. paradisaea Pontopp. +++ - +++ -
140. |Little Tern St. albifrons Pall. +) — — + | Kokhanov, 1987;
Zimin et al., 1993
141. | Caspian Tern St. caspia (Pall.) + - - -
142. | Black Guillemot Cepphus grylle (L.) ++ - - -
143. | Guillemot Uria aalge (Pontopp.) - - + |Bianki et al., 1993
144. | Brlnnich’s Guillemot U. lomvia (L.) - - - +  |Bianki et al., 1993
145. [Little Auk Alle alle (L.) - + + -
146. |Razorbilll Alca torda (L.) ++ + ++
147. |Puffin Fratercula arctica (L.) + — + — |Zimin et al., 1993
Columbiformes

148. |Rock Dove Columba livia L. 4+ — —
149. | Stock Dove C. oenas L. + - + -
150. | Wood Pigeon C. palumbus L. ++ - ++ -
151. | Turtle Dove Streptopelia turtur (L.) + - + -
152. [ Collared Dove S. decaocto (Frivald.) + - - -

Cuculiformes
153. | Cuckoo Cuculus canorus L. +++ - +++ -
154. | Oriental Cuckoo C. saturatus Blyth. - - - +

Strigiformes
155. | Eagle Owl Bubo bubo (L.) + + + -
156. | Snowy Owl Nyctea scandiaca (L.) - + + -
157. |Hawk Owl Surnia ulula (L.) ++ + ++ -
158. | Pygmy Owl Glaucidium passerinum (L.) ++ ++ ++ -
159. | Great Grey Owl Strix nebulosa J.R.Forst. + + + -
160. | Tawny Owl S. aluco L. + +) + -
161. | Ural Owl S. uralensis Pall. ++ ++ ++ -
162. |Long-eared Owl Asio otus (L.) + - +
163. | Short- eared Owl A. flammeus (Pontopp.) ++ - ++ -
164. | Tengmalm’s Owl Aegolius funereus (L.) ++ ++ ++ —

Caprimulgiformes

165. [Nightjar | Caprimulgus europaeus (L.) ++ - + —

Apodiformes
166. | Swift [ Apus apus (L. +++ - +++ —

Coraciiformes
167. | Kingfisher Alcedo atthis (L.) - - - +
168. |Roller Coracias garrulus L. - - - +
169. | Hoopoe Upupa epops L. - - - +
Piciformes

170. | Wryneck Jynx torquilla L. ++ - ++ -
171. | Black Woodpecker Dryocopus martius (L.) ++ ++ ++ -
172. | Green Woodpecker Picus viridis L. - - - + | Koskimies, 1979
173. | Grey-headed Woodpecker P. canus Gm. + + + -
174. | Great Spotted Woodpecker | Dendrocopos major (L.) +H+
175. | White-Backed Woodpecker |D. leucotos (Bechst.) ++ ++ ++ -
176. |Middle Spotted Woodpecker |D. medius (L.) - - - -
177. | Lesser Spotted Woodpecker |D. minor (L.) + + + -
178. | Three-toed Woodpecker Picoides tridactylus (L.) ++ ++ ++ —

Passeriformes
179. | Calandra Lark Melanocorypha calandra (L.) - - - +  |State Report,1998
180. | Woodlark Lullula arborea (L.) + - + -
181. | Skylark Alauda arvensis L. +4++ - +++ -
182. |Shore Lark Eremophila alpestris (L.) - - ++ -
183. |Sand Martin Riparia riparia (L.) ++ - ++ -
184. | Swallow Hirundo rustica L. 4+ - +++
185. |House Martin Delichon urbica (L.) +++ - +++ -
186. | Yellow Wagtail Motacilla flava L. ++ - +++ -
187. | Citrine Wagtail M. citreola Pall. + - - + |Zimin et al.,1993
188. | White Wagtail M. alba L. 4+ - +++ -
189. | Tawny Pipit Anthus campestris (L.) - - - + |Bianki et al., 1993
190. [Tree Pipit A. trivialis (L.) +++ - +++ —
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191. |Meadow Pipit A. pratensis (L.) ++ - ++ -
192. |Red-throated Pipit A. cervinus (Pall.) - + -
193. |Rock Pipit A. petrosus (L.) + - - — |Zimin et al., 1998c
194. |Red-backed Shrike Lanius collurio L. ++ - ++ -
195. | Lesser Grey Shrike L. minor Gm. - - - + | Leivo, 1950
196. | Great Grey Shrike L. excubitor L. + ) + -
197. | Waxwing Bombycilla garrulus (L.) + ++ ++ -
198. | Dipper Cinclus cinclus (L.) + + + -
199. |Wren Troglodytes troglodytes (L.) ++ - ++ -
200. |Dunnock Prunella modularis (L.) ++ - ++ -
201. [Robin Erithacus rubecula (L.) +++ ) +++ -
202. | Thrush Nightingale Luscinia luscinia (L.) + - +
203. | Bluethroat L. svecica (L.) + - ++ -
204. |Red-Flanked Bluetail Tarsiger cyanurus (Pall.) + - - + | State Report, 2000
205. |Black Redstart Phoenicurus ochruros (L.) - - - + | Zimin & Ivanter, 1986;
Kokhanov, 1999
206. |Redstart Ph. phoenicurus (L.) ++ - ++ -
207. | Whinchat Saxicola rubetra (L.) +++ +++ -
208. |Stonechat S. torquata (L.) + - - +
209. | Wheatear Oenanthe oenanthe (L.) +++ - ++ -
210. | Blackbird Turdus merula L. ++ + ++ -
211. |Ring Ouzel T. torquatus L. + - +
212. |Fieldfare T. pilaris L. +++ + -+ -
213. |Redwing T. iliacus L. +++ - +++
214. | Song Thrush T. philomelos G.L.Brehm. +++ - +++ -
215. |Mistle Thrush T. viscivorus L. + + -
216. |River Warbler Locustella fluviatilis (Wolf) +) - - +
217. | Grasshopper Warbler L. naevia (Bodd.) + + -
218. |Lanceolated Warbler L. lanceolata (Temm.) - - - +
219. |Sedge Warbler Acrocephalus schoenobaenus (L.) +++ - +++ -
220. |Blyth’s Reed Warbler A. dumetorum (Blyth) +++ - +++ -
221. |Marsh Warbler A. palustris (Bechst.) ++ - ++
222. |Reed Warbler A. scirpaceus (Herm.) + - + -
223. | Great Reed Warbler A. arundinaceus (L.) + - - -
224. |Icterine Warbler Hippolais icterina (Vieill.) ++ - + -
225. |Booted Warbler H. caligata (Licht.) + - - — | State Report, 2000
226. |Barred Warbler Sylvia nisoria (Bechst.) + - + -
227. | Garden Warbler S. borin (Bodd.) +++ - +++ -
228. | Blackcap S. atricapilla (L.) + - + -
229. | Whitethroat S. communis Lath. ++ - ++ -
230. |Lesser Whitethroat S. curruca (L.) ++ - ++ -
231. | Willow Warbler Phylloscopus trochilus (L.) +++ - -+ -
232. |Chiffchaff Ph. collybita (Vieill.) ++ - ++ -
233. |Wood Warbler Ph. sibilatrix (Bechst.) ++ - ++ -
234. | Yellow-browed Warbler Ph. inornatus (Blyth) - - - +
235. | Pallas’s Warbler Ph. proregulus (Pall.) - - - +
236. |Arctic Warbler Ph. borealis (Blas.) + - + -
237. | Greenish Warbler Ph. trochiloides (Sund.) ++ - ++ -
238. | Goldcrest Regulus regulus (L.) +++ + +++ -
239. | Spotted Flycatcher Muscicapa striata (Pall.) +++ - -+ -
240. | Pied Flycatcher Ficedula hypoleuca (Pall.) ++ - ++ -
241. |Red-breasted Flycatcher F. parva (Bechst.) + - +
242. |Long-tailed Tit Aegithalos caudatus (L.) ++ + -+ -
243. |Marsh Tit Parus palustris L. - — — + Zimin et al.,1993
244. | Willow Tit P. montanus Bald. +++ +++ -+ -
245. |Siberian Tit P. cinctus Bodd. ++ ++ + -
246. |Coal Tit P. ater L. + + ++ -
247. | Crested Tit P. cristatus L. ++ ++ ++ -
248. | Great Tit P. major L. ++ ++ ++ -
249. |Blue Tit P. caeruleus L. + + ++ -
250. | Azure Tit P. cyanus Pall. - - - +
251. |Nuthatch Sitta europaea L. + ) - + Reported by A. V. Korosov
252. | Treecreeper Certhia familiaris L. ++ ++ ++ -
253. | Yellowhammer Emberiza citrinella L ++ + +++ -
254. | Ortolan Bunting E. hortulana L. + - + -
255. | Little Bunting E. pusilla Pall. + - + -
256. |Rustic Bunting E. rustica Pall. + - ++ -
257. | Yellow-breasted Bunting E. aureola Pall. + - + -
258. |Reed Bunting E. schoeniclus (L.) +++ - -+ -
259. |Lapland Bunting Calcarius lapponicus (L.) - - ++ -
260. | Snow Bunting Plectrophenax nivalis (L.) - - ++ -
261. | Chaffinch Fringilla coelebs L. +++ + s -
262. | Brambling F. montifringilla L. ++ + ++ -
263. |Serin Serinus serinus (L.) - — — +




FLORA AND FAUNA OF TERRESTRIAL ECOSYSTEMS: CHARACTERISTICS AND VARIATION TRENDS

127

11 v
Nn ! I N W T A Source of information
264. |Greenfinch Carduelis chloris (L.) + + + -
265. |Siskin C. spinus (L.) +++ + +++ -
266. | Goldfinch C. carduelis (L.) + + + -
267. |Redpoll C. flammea (L.) ++ A+ -
268. | Arctic Redpoll C. hornemanni (Holb.) + + + —  |Kokhanov, 1999
269. | Twite C. flavirostris (L.) - - - + | Lehtonen, 1943;
Zimin et al., 1993
270. |Linnet C. cannabina (L.) + + -
271. | Common Rosefinch Carpodacus erythrinus (Pall.) ++ - ++ -
272. | Pine Grosbeak Pinicola enucleator (L.) + + + -
273. | Parrot Crossbill Loxia pytyopsittacus Borkh. ++ ++ ++ —
274. | Crossbill L. curvirostra L. +++ A -
275. | Two-barred Crossbill L. leucoptera Gm. + + + -
276. | Bullfinch Pyrrhula pyrrhula (L.) +++ ++ +++ -
277. |Hawfinch Coccothraustes coccothraustes (L.) + + + -
278. |House Sparrow Passer domesticus (L.) 4+ +++ + -
279. | Tree Sparrow P. montanus (L.) ++ ++ ++ -
280. |Rose-coloured Starling Sturnus roseus (L.) - - - + | Koskimies, 1979
281. |Starling St. vulgaris L. ++ + +++ -
282. |Golden Oriole Oriolus oriolus (L.) + - + -
283. |Jay Garrulus glandarius (L.) +++ ++ ++ -
284. | Siberian Jay Perisoreus infaustus (L.) ++ ++ + -
285. |Magpie Pica pica (L.) +++ ++ + -
286. | Nutcracker Nucifraga caryocatactes (L.) + - - + |Zimin et al., 1993
287. |Jackdaw Corvus monedula L. -+ +++ +++ -
288. |Rook C. frugilegus L. ++ + ++ -
289. | Carrion Crow C. corone corone L. - - - + | Koskimies, 1979;
Zimin et al., 1993
290. |Hooded Crow C. . corone cornix (L.) +++ ++ -
291. |Raven C. corax L + ++ ++ -

I-11I. List of bird species of the Republic Karelia. The order of species is based on the Catalogue of Birds in the USSR (Ivanov, 1976).
The species listed in the Red Data Book of Karelia (1995) are presented in bold type. III. Occurrence pattern and prolificacy: N = nests; W =
winters; T= transitory; A = species observed occasionally; / / = used to nest in the past. (+) = presumably nests, winters and stops while
migrating according to sightings of birds and evidence for neighbouring territories; +++ = common species which inhabits all biotopes suitable
for nesting; ++ = common species which occurs regularly but only in suitable habitats; + = rare species, few sightings. IV. Source of
information on species for which no original data is available.

Karelia has sixteen hunting reserves. Of special importance are five reserves, namely the Keretsky,
Vongomsky, Shuiostrovsky, Northern Priladozhye and Ouloksky Reserves located in the White Sea and Lake
Ladoga island and skerry systems. Other reserves of primary importance include breeding sites of the capercaillie,
hazel grouse and black grouse. A large contribution to the conservation of bird fauna is made by the Shaidomsky,
Muromsky, Arctic Circle, Kuzova, Andrusovo, Tolvajarvi, Soroksky and West Archipelago Landscape Reserves.
Other important territories include the unique Valaam Native Landscape Area, the Nyukhcha Mire Reserve, and the
Vazhinsky and Lebyazhye Mires.

Although Karelia has many large protected territories its birds are not protected as well as they should be.
The existing network came into being in a more or less haphazard fashion over a number of decades. To begin
with little was known about regional bird distribution and so many valuable localities were neglected. Most
reserves were established in order to conserve either mires or water bodies alone. Their protection systems usu-
ally fail to fully maintain faunistic diversity. Unfortunately, special services are set up and funded only in cer-
tain (usually federal) SPAs while other territories are protected only in the conventional manner. The only terri-
tories which are genuinely protected today in Karelia are the Kivach and Kostomuksha Strict Reserves and the
Paanajérvi and Vodlozero National Parks. However, even there current protection activities are not fully effec-
tive due to the small numbers of staff, poor technical facilities and complex environments. Numerous violations
of protection regulations in these territories, including large-scale deforestation, the collecting of eggs of water-
fowl, the death of broods in fishing nets, the destruction of nesting grounds, the occurrence of devastating fires
on islands colonised by birds, the shooting rare species, etc., often cause considerable damage to bird
populations.

The present network of protected areas in Karelia is insufficient to protect birds and their habitats as evidenced
by the fact that most IBAs of global significance lie outside the existing SPAs. They either overlap SPAs only in part
or are located in other poorly protected reserves. In order to conserve Karelia’s bird fauna it is necessary to establish
a complete regional IBA network, to optimise the pattern of the already existing SPAs, to found new reserves, to cor-
rect the boundaries and systems of regulation of some active reserves and valuable native sites and to initiate moni-
toring operations, etc. Therefore, inventory studies should be continued primarily in potential IBAs as well as in both
existing and proposed SPAs.
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3.6.2. Zonal and landscape aspects relating to local bird faunas

Introduction.An extensive pool of data concerning the bird fauna and geographical zoology of Karelia and
adjacent areas has been accumulated (Bianki et al., 1993; Zimin et al., 1993; Volkov et al., 1995; Hyytia et al., 1983).
The geoornithological and general landscape zoning of East Fennoscandia was performed (Bianki et al., 1993;
Sazonov, 1997; Merikallio, 1958; Jarvinen, Vidisdnen, 1980). The schematic map of landscape-ornithological districts
of Karelia was compiled (Sazonov, 2001). Below you will find a brief description of the bird fauna and population of
the districts identified. An important tool used for zoogeographical comparisons is the method of local faunas, sub-
stantiated and tested by the author over the last 5 years of research (Sazonov, 2000).

Methological approach. The principles and criteria used to identify, study and analyse local fauna are as fol-
lows. The fundamental principle is a landscape-based approach to the identification of local fauna. Each landscape
province (or subprovince) displays its own local faunistic pattern which consists of a dominant landscape type and var-
ious zonal and ecological terrain characteristics. In this context the term ‘local fauna complex’ is understood as mean-
ing a typical combination or pattern of species identified when a key site in any given landscape province is studied.
One of the main criteria used to define local fauna complexes is the absence of boundaries of distribution areas of new
species on extending the area under study. Thus, according to empirical field data individual local fauna complexes
cover areas of between 10—15 and 50-70 thousand ha in the mid-taiga and between 40-50 thousand and 100—150 thou-
sand ha in the north taiga. In protected territories the areas defining local fauna complexes are usually limited by the
extent of nature reserves, national parks and wildlife areas. If large agrarian lands or other habitats suitable for settle-
ment and comparable in area to natural forest landscapes (over 3 000 ha) occur within the study territory then corre-
sponding anthropogenic (urban and agrarian) local fauna complexes must be identified and analysed separately.

In order to thoroughly assess the composition of local nesting bird fauna studies should be carried out over
periods of at least three years. However, in some cases, especially when initial data is available in existing literature,
a one to two year study is sufficient. The composition of local fauna complexes is analysed in detail below only for
those areas where bird fauna have been studied in some detail. Other key sites are not used in drawing comparisons.
The final list of local fauna complexes includes a synchronous cross-section of bird fauna according to the results of
assessments made over the past 20-25 years. Species which nested in the past but are no longer present are disre-
garded. Species for which reliable proof of nesting has not been established are also excluded. Occasionally nesting
species, i.e. birds that nest only once every 10—15 years are also not listed. Cases of nesting far away from the main
distribution area are quite uncommon and are of limited zoogeographic value (Zimin, 1977). According to the princi-
ples and criteria of the local fauna method the main goals of the study can be attained. These are to standardise fau-
nistic sampling techniques, to compare efforts made to examine key sites and to draw reliable ornithogeographic com-
parisons.

Tens of lists of species were analysed and processed. Bird species were divided up into a number groups
according to their status within local fauna. These were 1) permanent nesting residents (N); 2) species that used to nest
in the past (n); 3) occasionally nesting species (E); 4) species nesting in adjacent areas outside the key site, e.g. in agri-
cultural landscapes or in felling areas close to the boundaries of protected territories (V); 5) transient migrants and
alien species (M). The first group of species forms the core of local fauna and is used for subsequent zonal-landscape
comparisons. Groups 2—4 consist of species which potentially form nesting populations and make up the ‘periphery’
of a given local fauna. To cast light on the patterns of their stay, long-term large-scale evaluative studies are required.

In order to analyse the zoogeographic composition of local fauna a revised classification of faunistic groups in
the taiga zone based on the concepts of B.K. Shtegman (1938) and B.B. Brunov (1980) and largely published earlier
(Sazonov, 1997) was used. To obtain data on the total density of bird populations in prevailing types of landscape,
large-scale field estimates of bird fauna were conducted using conventional techniques and bird detection transects
(Volkov et al., 1995; Sazonov, 1997).

Results. Based on extensive data obtained during faunistic, geozoological and ornithogeographic studies car-
ried out in Karelia over the past twenty years a detailed scheme showing the landscape-ornithological demarcation of
Karelia has been produced. Thus, Karelia was subdivided into sixteen landscape-ornithological provinces: 1) South
Lapland province, 2) Circumpolar lake province, 3) Circumpolar White Sea province, 4) Northern White Sea province,
5) Southern White Sea province, 6) Kuitozero, 7) Northern aapa, 8) Reboly, 9) Segozero selka, 10) Vygozero, 11)
Inland Karelia, 12) Zaonezhye, 13) Northern Lake Vodlozero area and the upper Vyg river, 14) Northwestern Lake
Ladoga region, 15) Ladoga-Onega Isthmus and 16) Vodla (Fig. 52). The above provinces are briefly described below
in terms of the composition of local fauna. NB. Throughout the following descriptions of provinces the classification
of species in terms of northern, southern, southeastern, eastern, etc. refers to their distribution areas with respect to
each particular province in question.

1. South Lapland province. Ornithogeographically this is province is rather atypical of Karelia. It forms part of
the Lapland ornithogeographic region (Bianki, 1922) while the remainder of Karelia’s north-taiga subzone lies with-
in the Pomor region. Common species are Cinclus cinclus, Turdus torquatus and Pinicola enucleator. These are not
found elsewhere in Karelia. Some species, e.g. Melanitta fusca, Mergus albellus, Buteo lagopus and Luscinia svecica
which normally nest here are occasionally observed in small numbers in other areas. The bird fauna and populations
of the province has been described earlier (Sazonov, 1997). Altogether, 162 bird species have been reported from the
province, 142 of which nest here.
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Fig. 52. Species diversity of local fauna in Karelia and adjacent territories

1. local fauna studied in detail; 2. superficially studied local fauna; 3. associations of natural local fauna, local fauna of natural and
anthropogenic origin; 4. & 5. boundaries and numbers of landscape-ornithological provinces. Numbers in circles indicate populations
of nesting species. The boundaries of zoogeographic regions are shown according to the scheme published (Sazonov, 1997)
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The Lake Paanajérvi area marks the southern boundary of Lapland forest fauna and extends across the White
Sea-Baltic Sea watershed. North-taiga, mid-taiga, hypoarctic and arctic species make up 47% of local species diversi-
ty (hypoarctic and arctic species accounting for 21%). This represents the highest proportion of northern species of
bird fauna for any part of inland Karelia. The percentage of northern bird species varies from 52% in Alakurtti to 59%
in Central Lapland (Lapland Nature Reserve), arctic and hypoarctic species making up 27% in each case. European
broad-leaved forest birds account for 15.5% of all species in Paanajdrvi National Park and 17% in Oulanka Park,
Finland. In the areas of low-mountain spruce taiga which dominate Oulanka Park the total bird population density is
less than 90 pairs/km2. This is low figure for a northern zoogeographic province.

2. Circumpolar lake province. Local bird fauna complexes here are poor in terms of species diversity. At the
Sofporog site in the Lake Topozero-Lake Pyaozero area only 107 nesting species were reported, of which northern
species make up 43% and birds of southern origin 20%. The proportion of hypoarctic and arctic species is 16%, some-
what lower than for Paanajirvi. Pine landscapes with a low bird population density of 124 pairs/km2 prevail.
Populations are dominated by north taiga, mid-taiga, hypoarctic and arctic species. Parus cinctus is of common occur-
rence. During the 1989 vole populations were high and consequently Strix nebulosa, S. uralensis, Aegolius funereus,
Circus cyaneus, Buteo lagopus and Lanius excubitor were observed at breeding sites. Numenius phaeopus is common
on mires. A few pairs of Emberiza pusilla have been seen in the areas of Sofporog and Kestenga. The water bodies
located in the province are markedly oligotrophic. One interesting observation was the breeding of Sterna paradisaea.
This species is uncommon on other mainland lakes south of Lake Topozero. Melanitta fusca, M. nigra and Aythya mar-
ila also nest here. Limosa lapponica was seen during the breeding season. Of particular interest is the nesting of the
southern species Emberiza hortulana and Parus caeruleus. Milvus migrans was encountered during the summer.
Generally speaking, this province has not been adequately studied. In all 137 bird species were reported of which 124
are known to nest. Special faunistic studies are required in the central part of the province, especially on large lakes
such as Topozero, Engozero, Keretozero and Tiksheozero.

The Circumpolar, Northern White Sea and Southern White Sea landscape-ornithological provinces form the
White Sea subregion. Local fauna complexes are more diverse in the White Sea region than on the mainland. Such a
pattern is primarily due to the wealth of waterfowl and semiaquatic birds which constitute about 30% of all nesting
species in coastal terrains and up to 36-37% in archipelago systems. The archipelagoes located in the open sea are
greatly affected by the arctic climate. They host highly specific terrestrial biocenoses (including extrazonal tundra) and
highly characteristic local bird fauna. Thus, archipelago landscapes may be attributed subprovince status.

3. Circumpolar White Sea province. Potentially highly productive rocky ridge (selka) landscapes are common
along the Kandalaksha Bay coastline where pine forests dominate. The shoreline with its narrow fjord-like bays is
highly fragmented. Waterfowl and semiaquatic birds (mainly sea birds) that breed on the mainland account for up to
31% of local fauna while those nesting on the islands in the Kandalaksha Reserve contribute up 37%. Northern bird
species prevail (48-51%). Arctic and hypoarctic species make up 25-27% and are slightly less prolific. The propor-
tion of southern birds is relatively low (14—16%) although in the Kandalaksha area they account for 19% of all species.
Of very greatest interest are the stable nesting populations of Emberiza pusilla and Pinicola enucleator in Kandalaksha
Bay. Indeed, this is the only breeding site for Pinicola enucleator in Karelia. The population density of Parus cinctus
is typically high (3—4 pairs/km2). The population of Gavia stellata remained stable even during the period of collapse
of species populations in Karelia. Phalacrocorax carbo started to spread during the mid-1960s. The largest colony of
this species in Karelia has been reported on some outer islands in the Keret Archipelago. This location is listed as a
wetland of international significance according to the Ramsar Convention.

An overall population density of 225 pairs’km2 was reported in the selka pine landscapes of Grinido. This is
the highest density reported so far from any location in the northern zoogeographic province. The bird population is
dominated by north taiga, mid-taiga, hypoarctic and arctic species. Boreal-nemoral forest birds are also fairly common
(21%). Their proportion in low-mountain spruce stands close to near Lake Paanajérvi is about the same (23%) pre-
sumably because palaearctic animals and birds typical of European broad-leaved forests migrate from the north along
the Scandinavian corridor to Lapland and northern Karelia. Southern species rare to polar regions are commonly
reported from the Kandalaksha area. Thus, Tringa ochropus, Scolopax rusticola, Garrulus glandarius, Sylvia curru-
ca, Phylloscopus sibilatrix, Prunella modularis, Emberiza hortulana, Carduelis cannabina, and Carduelis chloris,
etc., were all reported to breed (Kokhanov, 1987).

The bird fauna of the province has been thoroughly studied. Altogether, 232 bird species were reported, 153 of
which nest in the province.

4. Northern White Sea province. Some southern species such as Jynx torquilla, Sylvia communis, Phylloscopus
sibilatrix, Acrocephalus dumetorum, Parus caeruleus and Carduelis chloris occur in the South Belomorian province
but are not observed to breed in the Northern White Sea province. Many southern species, for example, Scolopax rus-
ticola, Columba palumbus, Garrulus glandarius, Sylvia curruca, S. borin, Acrocephalus schoenobaenus, and
Troglodytes troglodytes, are present but only in small numbers. Local fauna complexes are highly diverse on heavily
paludified plains (e.g. 121 species at Pongoma). Northern birds make up 46% of all species while southern species
account for 16%. Near Kem the proportion of southern species rises to 21%. Low population densities (115 pairs’km?2)
are characteristic of highly paludified pine landscapes. Parus cinctus and Emberiza pusilla are common. Some rare
Arctic species such as Tringa erythropus and Calidris temminckii were observed to breed. Phaloropus lobatus and
Limosa lapponica used to breed here in the past. The largest primeval forest area of the White Sea region has survived
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on the sea coast north of the Vonga Bay. The shoreline and aquatoria of the locality form wetlands of national signif-
icance with many waterfowl and sea birds gathering there to breed and moult. Migrating Cygnus bewickii, Branta ber-
nicla and sea ducks also stop over in large numbers. The nesting group formed by Haliaeetus albicilla and Pandion
haliaetus is the largest in the Karelian sector of the White Sea. Falco peregrinus and Aquila chrysaetos are amongst
the breeding birds. A protected area is needed in the Pongoma area.

The fauna of the Kuzov Archipelago is quite unique. Northern birds make up 52% (the highest proportion
reported anywhere in Karelia) while arctic and hypoarctic species account for 33%. Southern birds constitute only
11.5%. Hydrophilic birds make up 36% of all species (the highest value) and form over two thirds of the total bird
population. A colony of Alca torda (350 pairs), the largest in the White Sea region, is located on Verkhny Island.
Beloguzikha Island hosts one of the largest colonies of Larus fuscus (45 pairs) in the northern part of Onega Bay. Some
rare species, e.g. Stercorarius longicaudatus and Anthus spinoletta, are observed to nest in the province.

In all 176 bird species are known in the province with 141 species nesting here. Further studies are needed in
order to assess the bird fauna of the proposed Pongoma Park which, together with the Kalevala Park, will form a part
of Karelia’s network of protected areas.

5. Southern White Sea province. This is located in a transitional zoogeographic region. Southern traits of its
fauna are more distinct here than in other parts of the White Sea region. In the mainland part of the Soroksky Wildlife
Reserve southern birds make up 21.5% of all species while northern birds contribute 41%. On the archipelago systems
southern birds account for 16% (Kondostrov), 13% (Zhuzhmui) and 11.5% (Kuzov). Southern species which are
scarce to the transitional region, including Circus aeruginosus, Pernis apivorus, Asio otus, Parus caeruleus, Saxicola
torquata, Phylloscopus sibilatrix, Ph. trochiloides, Sylvia communis, Emberiza aureola and Carduelis chloris, were
found to breed here. Acrocephalus schoenobaenus is common on the seashore and Porzana porzana has been encoun-
tered during the breeding season.

Examples of rare species nesting in the archipelagoes are Phalacrocorax carbo (Zhuzhmui, Parusnitsy),
Tadorna tadorna (Zhuzhmui) and Fratercula arctica (Sennukhi sand bars, the only breeding ground of this species in
the White Sea). Sennaya Luda Island is home to one of the largest colonies of Larus fuscus (80—100 pairs) in Onega
Bay. Phylloscopus borealis and Emberiza pusilla are common on the mainland and on some archipelago islands. Parus
cinctus was only encountered on B. Zhuzhmui Island. The population of Gavia stellata is stable in coastal terrains
while the nesting density of Somateria mollissima remains high on remote archipelagoes. The area is important for the
migration of waterfowl in North Russia. Furthermore, most of the White Sea population of Somateria mollissima
remains here throughout the winter season. Hundreds of gulls of the species Larus argentatus, L. hyperboreus and L.
marinus winter in extensive herring and Eleginus winter fishing areas. In all, 202 bird species have been reported from
the province, 152 of which nest here. Further assessment studies are required as the province hosts concentrations of
waterfowl and semiaquatic birds unique to North Europe.

6. Kuitozero province. This is part of the Northern zoogeographic region. Northern birds make up 41% and
southern species 19% of local fauna of the proposed Kalevala National Park. Of interest is the nesting of the northern
species Phylloscopus borealis, Emberiza pusilla, Parus cinctus, Buteo lagopus and Mergus albellus. The rare eastern
species Emberiza aureola and Larus minutus were also observed to breed. The park provides shelter for a large num-
ber of protected and vulnerable species, including groups of Haliaeetus albicilla and Pandon haliaetus (5 and 12 pairs
respectively), the largest known in the border forest zone. Aquila chrysaetos and Falco peregrinus also nest here. Some
10 pairs of Milvus migrans occupies an isolated settlement in the area including the shores of Lake Verkhneye Kuito.
This is also an important breeding area for Gavia arctica, Cygnus cygnus and Anser fabalis. Of significance were the
stable populations of Cygnus columbianus on local lakes (up to 5060 birds in May-June). Some groups remain there
as late as 10th— 12th July. An overall population density of 135-160 pairs/km2 (moderate for the northern region) was
reported in prevailing landscape types. Nesting population densities of most southern birds were much lower here.
Thus, for example, the common Fringilla coelebs is absent from breeding sites in some watershed terrains located
between lakes Kuito and Paanajérvi (Tungozero and the southern bank of the River Tavajoki). Altogether, 172 bird
species are known in the province, 132 of which nest here.

7. Northern aapa province. This province contains extensive Karelian ring-type aapa mires. Indeed,
Yupayuzhsuo Mire covers an area of about 40 000 ha and is the largest mire in Karelia. Summer aerial surveys of a
chain of aapa mires between Lake Topozero and the River Kem have revealed the nesting density of Cygnus cygnus
to be one of the highest in the Kola-Karelian region. The swan population here is estimated at 1050. A proposal has
been made to incorporate this territory into a protected wetland of international or at least national significance (Bianki
& Shutova, 1987; Boch & Kuznetsov, 2000). Preliminary studies and surveys have shown that these breeding sites of
swans are still important. The largest populations of Cygnus cygnus as well as the most extensive breeding sites of
Anser fabalis in the Kalevala district are concentrated on Yupyauzhsuo Mire. Gavia arctica and Grus grus are both
common while Haliaeetus albicilla and Pandion haliaetus were observed to nest. Aquila chrysaetos, Falco colum-
barius and other endangered species were also reported. Cygnus columbianus remained on local lakes into June. Many
other rare species, including the Arctic wood-cock Lumicolae, are assumed to nest here.

Insufficient is known about the bird fauna of the province. Available evidence shows that it is inhabited by a
total of 125 bird species with 110 species nesting here. Some time ago a proposal was made to establish a Yupyauzhsuo
Mire Reserve covering an area of 60 000 ha (Volkov et al., 1995). However, one option is to establish a landscape
reserve with protected area status. In any case, this mire is already included in the prospective list of the Ramsar
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Convention and will be granted wildlife reserve status (Boch & Kuznetsov, 2000). Comprehensive studies need to be
carried out in order to assess the ecosystems, flora and fauna of the proposed Yupyauzhsuo protected area.

8. Reboly province. Along with the Segozero selka and Vygozero provinces Reboly is part of the transitional
zoogeographic region in which population densities of northern and southern species are roughly equal. The bird fauna
and populations of the Kostomuksha Reserve and the environs of Kostomuksha have been described earlier (Sazonov,
1997; Zimin & Sazonov, 1997). Northern birds make up 39% of bird fauna while southern species contribute 21%. In
the vicinity of Kostomuksha the proportion of southern birds increases to 25% while that of northern species falls to
35%. In the area of the proposed Tuulos National Park northern birds account for 37% of local fauna and southern
species 22%. Most landscape types in this province host moderate overall bird population densities (the average fig-
ure for the Kostomuksha Reserve being 179 pairs/km2). Some rare northern species such as Gavia stellata, Mergus
albellus, Buteo lagopus, Parus cinctus, Phylloscopus borealis, Tarsiger cyanurus and Emberiza pusilla were reported
to nest near Kostomuksha. Examples of nesting southeastern birds include Ficedula parva, Phylloscopus trochiloides,
Emberiza aureola, Larus minutus and Milvus migrans. Some southern European species, e.g. Sylvia atricapilla,
Hippolais icterina, Emberiza hortulana and Carduelis chloris, breed occasionally. Turdus merula was only observed
to nest in Tuulos Park.

A total of 190 bird species is known in the region, 140 of which nest here.

9._Segozero selka province. Slightly paludified pine-dominated ridge (selka) landscapes are common here.
They form a chain of large and well-defined northwest oriented crystalline ridges extending from the Lake Yangozero-
Lake Sovdozero area across Selgi, Maslozero and Yelmozero as far as the River Chirka-Kem and Lake Nyuk. Large
depressions between the ridges are occupied by other landscape types such as highly paludified terrains containing
aapa mires alternating with high selkas. In terms of its characteristic biotic diversity parameters this province may be
described as a boreal-nemoral island situated within an otherwise typical north-taiga zone. Large areas of this selka
landscape had at some stage in the past been cleared for agricultural purposes. Practically all selka terrains with fer-
tile soils and productive stands were used for swidden agriculture. Today these areas are covered by pine-deciduous
and deciduous forests with small patches of mosaic agricultural landscapes.

Highly diverse local fauna and a high bird population densities are characteristic. Southern birds constitute 21%
of all species in the northern part of the province and 24-29% in the southern part. Some European broad-leaved for-
est birds and southern palearctic species such as Pernis apivorus, Scolopax rusticola, Columba palumbus, Turdus
merula, Aegithalos caudatus, Parus major, Phylloscopus sibilatrix, Sylvia borin, S. communis, and Lanius collurio are
common close to Lakes Yangozero, Sovdozero and Maslozero. Examples of southeastern species are Ficedula parva,
Phylloscopus trochiloides, Acrocephalus dumetorum, Emberiza aureola (only near Lake Sovdozero) and Dendrocopos
minor. The rare southern species Porzana porzana, Strix aluco, Caprimulgus europaeus, Luscinia luscinia, Sylvia atr-
icapilla and Emberiza hortulana (which nested here in the past) were only observed in the Lake Sovdozero area. The
most interesting north-taiga species is Parus cinctus. As a result of large-scale deforestation in East Fennoscandia over
the past fifty years its distribution area has moved northwards. Parus cinctus was only encountered in the proximity
of Tiksha where it is quite common whereas in the late 19th and early 20th centuries it was common throughout the
area between lakes Segozero and Vygozero. In the southern part of the province Parus cinctus occurs as far as
Povenets.

Considering that these selka landscapes occur within the transitional region the overall bird population densi-
ties found there are relatively high, i.e. 307 pairs/km2 in the south (Sovdozero) and 220-250 pairs/km? in the north
(Tiksha). In all, a total of 169 species was reported for this province, 140 of which 140 nesting ones here. As the
province has been inadequately studied further studies should be conducted with special attention paid to the areas of
Lake Segozero and Lake Ondozero.

10._Vygozero province. The largest landscape-ornithological province in Karelia, Vygeozero includes the River
Ileksa basin-Windy Belt ridge subprovince to the east. There, the species diversity of local faunas is lower, the fau-
nistic complexes consist of a high proportion of northern species, as well as eastern and southeastern species. The only
local fauna studied so far is in the vicinity of Segezha in the central part of the province, where northern species make
up 36% and southern birds 24% of species diversity. In the Ileksa River basin the proportion of northern birds rises to
39-42% while southern species account for 20-22%. Some European broad-leaved forest species are absent whereas
southeastern birds such as Acrocephalus dumetorum, Ficedula parva, Phylloscopus trochiloides and Emberiza aureo-
la are observed to nest. In 1997 the southeastern species Hippolais caligata was seen nesting on a felling site near Lake
Pelozero at the boundary of Vodlozersky Park. This is the northernmost sighting of this species anywhere in the west-
ern part of the taiga zone. Of special interest is the presence of nesting Parus cinctus (southwards as far as Lake Tun)
and Emberiza pusilla (Lake Kerazhozero) in the Ileska river basin. These are both northeastern species.

Together with the Northern lake and the Northern aapa provinces, the Lake Vygozero area remains one of the
least studied in Karelia. It provides shelter for a total of 187 bird species of which 144 nest. A thorough survey of the
bird fauna is urgently needed. Of special interest is the Sumozero glacial-accumulative structure located between lakes
Vygozero and Sumozero where the proposed Prishvin National Park covering an area of 40 000—50 000 ha is likely to
be established. Dome-shaped hills with numerous small lakes in between characterise the landscape. The province
contains over 700 water bodies in various proposed protected areas and can with little exaggeration be called ‘The
Land of a Thousand Lakes’. Its landscapes are scenic and recreationally attractive. The history of the Vygozero
province is closely connected with the writer M. 1. Prishvin who visited Korosozero, Pulozero and other villages on
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many occasions during the early part of the 20th century. The territory has been subject to widespread deforestation
leaving a number of old pine forest fragments amidst a mass of fifty to sixty year old stands. Rangifer tarandus fen-
nicus and Gulo gulo are found here and the population density of Tetrao urogallus is very high. Gavia stellata, Cygnus
cygnus, Anser fabalis, Grus grus, Haliaeetus albicilla, Pandion haliaetus and other vulnerable species were seen nest-
ing. The ecosystems, flora and fauna of the proposed Prishvin Park need to be studied thoroughly.

11._Inland Karelia. Together with the remaining provinces listed here, Inland Karelia belongs to the southern
zoogeographic region. It covers most of the Suojarvi administrative district which for game management purposes is
classified as part of Mid-Karelia. Biogeographically the province forms a taiga peninsula extending into much of
southern Karelia. It is surrounded by terrain types with more favourable soil and climatic conditions and, consequent-
ly, more diverse bird flora containing a greater proportion of southern species (Segozero selka, Zaonezhye, the
Ladoga-Onega Isthmus and the northwestern Lake Ladoga region). A cold mesoclimate, poor soils and a high degree
of paludification are responsible are synonymous with the prevalence of relatively unproductive landscapes. The orig-
inal pine taiga has been clear felled on a massive scale but deciduous species have not thrived on these sites.

The species diversity of local fauna complexes is low but aboriginal north-taiga, hypoarctic and arctic species
are relatively well represented. Northern birds are more abundant here than in the surrounding territories and account
for 32% in the southern end and 35% in the central and northern parts of the province. Southern species are less com-
mon in all local fauna complexes and contribute only 26-27% in terms of species diversity. At the same time, these
southern birds display the highest population densities (47-55% of total bird population). Perisoreus infaustus and
Bombycilla garrulus are common in Inland Karelia but are not found in territories to the south. High population den-
sities are reported for Tetrao urogallus, Anas penelope, Grus grus, Tringa nebularia, Picoides tridactylus and
Emberiza rustica. High nesting densities are associated with various hypoarctic and arctic species including Gavia arc-
tica, Lagopus lagopus, Pluvalis apricaria, Tringa glareola, Numenius phaeopus and Anthus pratensis. The extensive
breeding grounds of Cygnus cygnus and Amser fabalis found in the province are the southernmost in East
Fennoscandia, the Lake Tolvajérvi sites having been used regularly over the past 120 years. Some rare northern species
such as Phylloscopus borealis, Philomachus pugnax, Lymnocryptes minimus and Sterna paradisaea (reported occa-
sionally) were also seen nesting.

At the same time many southern species are either scarce or not found. Circus aeruginosus, Aquila clanga,
Caprimulgus europaeus, Lullula arborea, Parus coeruleus, Sylvia atricapilla, Acrocephalus schoenobaenus, A. palus-
tris, and Emberiza hortulana nest very seldom but were found in the province along with Ficedula parva,
Acrocephalus dumetorum, Phylloscopus trochiloides and Emberiza aureola. Other rare southern species were report-
ed from the periphery of the Suojérvi district in terrain types lying in the adjacent landscape provinces of Yangozero-
Sovdozero, Suojarvi-Toivola-Hautavaara and Suistamo-Leppasyrja-Soanlahti. These species include Podiceps crista-
tus, Botaurus stellaris, Porzana porzana, Strix aluco, Asio otus, Streptopelia turtur, Dendrocopus minor, Oriolus ori-
olus, Luscinia luscinia, and Coccothraustes coccothraustes, etc. Overall population densities are as low as 234
pairs/km?2 in moderately paludified pine landscapes (Piitsjoki), 132 pairs/km2 in rupicolous pine stands on esker ridges
(Tolvajérvi) and 112 pairs/km2 in the highly paludified pine landscape of Patvinsuo. Some waterfowl such as geese,
barnacles, swans and sea ducks migrate over Inland Karelia. Branta leucopsis and Branta bernicla are known to fol-
low three narrow migration routes, namely, Tolvojérvi, Piitsjoki-Suojérvi and Kasnaselka. A total of 189 bird species
is known in this province, 141 of which nest here. It is considered desirable to continue assessment studies in the area
of the Nelgomozero glacial-accumulative structure in the eastern part of the province.

12. Zaonezhye province. Unlike other landscape provinces in southern Karelia, Zaonezhye consists of variety
of large ridge (selka) landforms and fertile brown forest and sod-shungite soils. It is slightly paludified areas and has
a relatively mild mesoclimate. Zaonezhye used to be one of the northernmost areas of agriculture. Biogeographically
it forms a nemoral peninsula in which the distribution areas of many southern bird species extend northward as far as
northern Obonezhye. The bird fauna of the Zaonezhye Peninsula has been described earlier in detail (Hokhlova,
1977,1998; Sazonov, 1999; Hokhlova et al., 2000). The compositions of local fauna complexes in the Kivach Reserve,
the proposed Zaonezhye National Park and the Kizhi Federal Zoological Wildlife Reserve have all been surveyed.
These ecosystems have been transformed by human activities to varying degrees. Minimum transformation has taken
place in Kivach, more in the Zaonezhye Park and a large degree in the Kizhi Reserve. The greater the human influ-
ence the higher the proportion of southern species. Thus, the figures for these three areas are Kivach 29%, Zaonezhye
Park 34% and Kizhi Reserve 35%. At the same time the species diversity of northern birds is 30% in Kivach, 27% in
Zaonezhye Park and 24% in the Kizhi Reserve. In the area of Povenets (northern Zaonezhye province) southern birds
account for 28% of all species while northern species contribute 31%. The overall bird population density in the selka
(tectonic ridge) type landscapes is one of the highest in Karelia, i.e. 426 pairs/km2 in selka pine stands of mixed age
structure and 331 pairs/km2 in spruce stands growing on morainic plain with crystalline ridges. The province has been
studied thoroughly. So far 232 bird species have been reported with 164 nesting in the province.

13. Northern Vodlozero and Upper River Vyg province. Ornithogeographically speaking, this province resem-
bles that of Inland Karelia albeit on a smaller scale. Thus, it forms a highly paludified peninsular of taiga forest.
Northern species make up 36—37% (the highest proportion for local fauna complexes in southern Karelia) while south-
ern species contribute only 22—24% (correspondingly the lowest figure for southern Karelia). The overall bird popu-
lation density in the prevailing highly paludified pine-dominated landscape type is 114 pairs/km2 (the lowest figure
recorded for southern Karelia). Important breeding grounds for Cygnus cygnus and Anser fabalis are located in the
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northern part of the Lake Vodlozero area and in the upper reaches of the Vyg river basin. Haliaeetus albicilla and
Pandion haliaetus are common. Aquila chrysaetos, Falco peregrinus, F. columbarius, Milvus migrans and other rare
predatory birds have been seen nesting. Hypoarctic and arctic species such as Lagopus lagopus, Pluvalis apricaria,
Numenius phaeopus, Philomachus pugnax, Anthus pratensis, and Carduelis flammea etc., are common on mires.
Emberiza pusilla is encountered occasionally but evidence of its nesting here has not been firmly established. Tarsiger
cyanurus (2 pairs in 1999) has also been reported.

Altogether 167 bird species are known of which 126 nest in the province. Assessment studies of the upper River
Vyg are considered desirable.

14. Northwestern Lake Ladoga province (Priladozhye). Natural ecosystems here are highly productive and
boreal-nemoral south-taiga cenoses are of widespread occurrence. Thus, local flora and fauna complexes are highly
diverse with a total of 220 bird species known for the province including 169 nesting species. The Valaam and Western
Archipelagoes together form a subprovince in its own right.. These are the only permanent nesting grounds in south-
ern Karelia for arctic and North Atlantic species such as Somateria mollissima, Melanitta fusca, Haemotopus ostrale-
gus, Larus marinus and Sterna paradisaea. Other nesting species include Sterna caspia and Branta canadensis
(Medvedev & Sazonov, 1994).

The northwestern Lake Ladoga province has a unique wealth of hydrophilic birds which mostly inhabit the
skerries and archipelagoes. This largely explains the unusually high local faunistic diversity of the Ladoga skerries,
i.e. 135-140 nesting species. There are between 35 and 38 hydrophilic species which account for 26-28% of the fau-
nal diversity of the coastal-skerry zone. The Valaam Archipelago provides permanent nesting grounds for 39
hydrophilic bird species (32.5% of species diversity). The province exhibits the highest species diversity and popula-
tion densities of European broad-leaved forest birds anywhere in Karelia. In the Ladoga skerries southern birds
account for 37-39% of species diversity and northern species contribute 13—16% (the lowest value for southern
Karelia). Northern species are more common in the Valaam Archipelago (26% of species diversity) which provides
nesting sites not only for North Atlantic and Arctic birds, but also for some northern species such as Picoides tri-
dactylus, Lanius excubitor, Anthus pratensis, Luscinia svecica, Loxia leucoptera and Fringilla montifringilla.

The Ladoga skerries is Karelia’s most important breeding area for populations of Podiceps griseigena, Pod.
cristatus, Porzana porzana, Fulica atra, Aythya fuligula, A. ferina, Anas querquedula and A. clypeata and nesting
grounds for Botaurus stellaris, Podiceps auritus, Anas strepera and Limosa limosa. The Ladoga skerries host Karelia’s
largest colonies of Larus ridibundus and have been used as nesting sites by L. minutus since 1988. Gavia arctica is
very scarce with only two or three pairs being reported along the periphery of the skerries. The archipelagoes provide
shelter for the largest colonies of Larus argentatus in Karelia. Mergus serrator also nests in large numbers. Larus fits-
cus, Sterna hirundo and St. paradisaea form several large colonies.

Overall bird population density in forest landscapes is as high as 430-530 pairs/ km2 in the skerries and
315-380 pairs/ km2 on the mainland. The highest nesting densities in Karelia for various southern forest species, i.e.
Strix aluco, Garrulus glandarius, Parus caeruleus, Turdus merula, Hippolais icterina and Sylvia atricapilla are
recorded here. Oriolus oriolus is common while Cocothraustes cocothraustes is often observed. Perdix perdix con-
tinues to nest in the northwestern part of Lake Ladoga region but has disappeared from the rest of Karelia. Bubo bubo
appears to come from neighbouring parts of Finland and has formed a stable group of some 10 pairs. However,
Emberiza rustica, Fringilla montifringilla, Loxia leucoptera and Tringa nebularia occur in small numbers only on the
mainland. Perisoreus infaustus and Bombycilla garrulus are absent as are the mire species Lagopus lagopus, Pluvialis
apricaria, Numenius phaeopus, and Tringa glareola, etc.

15. Ladoga-Onega Isthmus. This lies in the centre of southern Karelia and displays moderate species diversity
and population densities for northern and southern species as well as both European and Eurasian birds. The Olonets
Lowland together with the Salmi Plain and the Mantsinsaari-Lunkulansaari Islands each rank as a subprovinces in their
own right. Agricultural land covers an area of 16 000 ha in the Olonets Plain where an open, steppe-like landscape
unusual for the taiga zone is formed.

Southern birds make up 33-37% of local fauna but in the eastern Lake Ladoga region (Priladozhye) this figure
increases to 36-39%. The proportion of northern species varies from less than 20% in Priladozhye to 22-27% in west-
ern Prionezhye. The proportion of southern birds in faunal complexes inhabiting agrarian landscapes (Olonets and
Shuya agricultural lands) is especially high at 38-39%. The isthmus is dominated by landscapes with moderate bird
population densities of 270-350 pairs/ km2. In some anthropologically transformed forests overall population density
reaches 504-564 pairs/ km2. Over the past decade the distribution areas of Circus aeruginosus and Limosa limosa have
expanded so that these species now nest in the Shuya and Olonets agricultural area. Pairs of Haemotopus ostralegus
were seen nesting in the fields of Shuya and in Voznesenye. In the Shuya farming area near Petrozavodsk the popula-
tion of Anthus pratensis has increased significantly and a nesting group of Luscinia svecica has formed with 10-12
pairs reported in 1999-2000. A breeding colony of Hippolais caligata consisting of five pairs was recorded in 1999.
Saxicola torquata and Motacilla citreola also nest occasionally. Xenus cinereus has been nesting here since 1982 but
its numbers vary substantially from year to year.

The Olonets Isthmus hosts a total of 263 bird species, 176 of which are known to nest. Since 1991-1992 Anser
albifrons and Anser fabalis have gathered in large numbers during their spring migration. Hundreds of thousands of
migrating geese stop off on the Olonets plain in spring and tens of thousands stay for a longer period of time. Other
visitors include flocks of Branta leucopsis and small groups of Anser erythropus (Zimin, 1998). Smaller flocks of
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migrating geese and barnacles are reported every spring from the Shuya fields near Petrozavodsk, on the Ladva and
Korza Lowlands (Essoila), and on agricultural lands in the northern Zaonezhye Peninsula and near Povenets. Up to
5 000 Anser albifrons and A. fabalis were seen on a single occasion in the Shuya area with around 25 000-30 000 birds
reported for the whole spring. In addition, flocks of Branta leucopsis numbering up to 300 as well as individual Anser
erythropus stop off there.

16. Vodla province. This province covers most of the Pudozh administrative district. Local fauna complexes
are dominated by southern birds (31-35%), northern species being less abundant (23-25%). East of Lake Onega cast-
ern and southeastern birds occur more often at breeding sites. Examples of flood-plain biotope species are Milvus
migrans, Oriolus oriolus, Acrocephalus dumetorum, Emberiza aureola, Saxicola torquata, Hippolais caligata and
Locustella lanceolata. In the Pudozh district high populations and nesting densities are reported for Strix uralensis,
Glaucidium passerinum, Ficedula parva, Phylloscopus borealis, Ph. trochiloides, Emberiza rustica and Loxia leu-
coptera. To date Tarsiger cyanurus has only been reported in Vodlozero National Park (four pairs in 1999). Over the
past few years pairs of Haemotopus ostralegus have been seen nesting on the eastern shore of Lake Onega at the
mouth of the River Vodla.

At the same time the South European species Lullula arborea and Emberiza hortulana do not breed in the
Pudozh district while Parus caeruleus and Carduelis chloris are present only in small numbers. Turdus merulais a
new species to the province. Along with the aforementioned species Phylloscopus sibilatrix, Sylvia atricapilla, Parus
major and Garrulus glandarius are absent from the terrains to the north of Lake Vodlozero. Other western species
such as Prunella modularis, Troglodytes troglodytes, Certhia familiaris, Parus cristatus, Ficedula hypoleuca, Jynx
torquilla and Pernis apivorus are present in small numbers. In all, there are 198 bird species known in this province,
161 nesting here. Vodlozer National Park plays an important role in maintaining the species diversity of western
Eurasian taiga birds. Indeed, this considered to be the second most important area for nesting bird fauna in East
Fennoscandia. In all, 71 rare and endangered species are found here, 59 of which are listed in the Red Data Books
of Russia, Karelia, the Arkhangelsk Oblast and East Fennoscandia. The park hosts the largest breeding site of Cygnus
cygnus and Anser fabalis (80-90 and 4050 pairs, respectively). Furthermore, it provides shelter for the largest group
of piscivorous predatory birds in North Russia. These include Pandion haliaetus and Haliaeetus albicilla (35 and 45
pairs respectively). Milvus migrans (17 pairs) and Aquila chrysaetos (7-8 pairs) also nest here while Aquila clanga
and Falco vespertinus have both been reported. Other nesting birds include Falco peregrinus, Gavia stellata, Mergus
albellus, Larus fuscus, Bubo bubo, Picus canus, Dendrocopus leucotos, D. minor and many other rare species.
Altogether, 204 bird species inhabit in the park including its Arkhangelsk segment and 153 of these are known to
nest there.

Conclusion. The local fauna method employing criteria and principles developed earlier is proposed as a basis
for faunistic monitoring. Local fauna complexes most representative of each landscape province will be selected. Key
sites outside urban and extensive agricultural areas will be preferred. In the final stage of the study a record book con-
taining basic data such as names, geographic coordinates, a list of bird species and their status, the length of the study
period, the researchers involved, references, etc. will be presented. Data in the book will be updated continuously and
revised at five to ten yearly intervals according to the amount of new faunistic information available.

3.7. Insects (Some results of entomofaunistic studies in Karelia during 1950-2001)

Introduction. The entomofauna of Russian Karelia is relatively well known compared with that of other
regions of North Russia belonging to the taiga zone. At the time of writing some 8 000 species of insects are known
from the present Karelian territory and more species are likely to be found. It should be noted that in neighbouring
Finland with its similar nature nearly 20000 insect species are known (Silfverberg, 2001; Uhanalaisten eldinten..,
2001). This difference may be explained in terms of the considerably smaller efforts put into the entomological
studies in Karelia in comparison with those in Finland.

The history of the study of insect fauna in the present-day territory of Russian Karelia began some 150 years
ago. Most of the known records were collected prior 1950. The first really important contributions to study of Karelian
entomofauna were made in the second half of nineteenth century by the Finnish entomologists J.Sahlberg (1866),
J.M.J. Tengstrom (1869), A.Westerlund (1892), B.Poppius (1899) and others as well as by a resident of Petrozavodsk,
A.Glinther (1868, 1896 a, b).

During the first half of the twentieth century detailedremarkable faunisticentomological studies of several
groups of insects were made in the former Finnish territories located in the western part of Karelia in K/ and Ks
provinces (most importantly by Tiensuu 1933, 1935, Platonoff 1943, Krogerus 1938, Kerrich 1939) and in the
southern provinces of Ko/ and Kon in territories occupied during the Second World War (Palmén & Platonoff 1943,
Palmén 1946, Kaisila 1944, 1947, Peltonen 1947, Kontuniemi 1965). All the articles of that period concerning
entomofaunistic studies in the present-day territory of Karelia were recently surveyed recently by Pekkarinen &
Huldén (1995). Faunistic records of several some groups of aquatic insects collected by the participants of the
Olonetz Scientific Expedition (1919-1924) were published as well (Djakonov 1922, Martynov 1928, Lepneva
1928). Thison the data on water dwelling invertebrates was later summarised in a monograph on the fauna (inver-
tebrates) of the lakes of Karelia which incorporated a set of articles concerning various insect groups (Fauna of
Karel