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Abstract. On the basis of quantitative analysis of the vascular plant distribution maps for Estonia, we
specified the list of rare species which occur in less than 5% of grid quadrangles, and studied the possible
correlations between their rarity and habitat preference, distribution, and sensitivity to human impact. Rare
species occur statistically more often among species that are at the limit of their geographical range. The
proportion of rare species was significantly higher among arctomontane and disjunct circumpolar taxa.
Among apophytes, there were less rare taxa than would be expected according to the common native
flora, but among hemerophobes, there were significantly more rare species than would be expected. The
number of rare species was in strong positive correlation with the species richness of the region. Besides
the western part of Estonia, where the greatest number of rare species occur, some small areas rich in rare
species also lie in East and North Estonia.

Key words: distribution pattern, floristic elements, margin species, rare plants, sensitivity to human
impact

Introduction

A practical application of quantitative accounts of species distributions concerns the
organisation of their protection. The additional information can be used to provide
more explicit protection in law. In Estonia, the first nature protection area was estab-
lished in 1910, the first law on nature protection was adopted in 1935, and in 1936,
26 plant species were given protected status. Since then, the habitats have changed
and knowledge of rare plants has increased. At present, 185 vascular plant species are
legally protected in three categories. The current Estonian Red Data Book comprises
309 species of vascular plants. Altogether 336 species of vascular plants are included
in these lists. The lists in the Red Data Book as well as the lists of legally protected
species have been reviewed in several previous publications (Kask and Kuusk 1981;
U. Kukk 1987, 1999; Lilleleht 1998; T. Kukk 1999, etc.).

The terms rarity and commonness represent two ends of a continuum of distri-
bution (Kelly and Woodward 1996). Many definitions of rarity exist. Most of them
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consider the limited geographical range of a species, or its limited abundance within
an area, or both together (Gaston 1997). Grid mapping databases enable the applica-
tion of quantitative criteria for rarity. In ecological and conservation studies, measures
of areas of occupancy are required, and mapping with regular grid systems has been
found most preferable (Gaston 1994). Hodgson (1986), who worked with 5 x 5 km
grid maps, used the term ‘restricted species’ for species occurring in less than 20% of
the grid squares; species occurring in more than 5% were ‘uncommon’, and in 5% or
less, ‘rare’. In Central England, 17% of the 723 native species were rare. There have
been other suggestions for the percentage occupancy of grid squares which would re-
flect restrictedness. For instance, Stace (1991) proposed the 2.9% limit for the British
Isles (100 grid squares out of 3500) for ‘rare’ and the 0.43% limit (15 grid squares)
for ‘very rare’. Gaston (1997) has proposed the ‘quartile’ definition of rarity, which
considers the 25% of species with the lowest abundance or smallest range size in an
assemblage to be ‘rare’.

In this study, we give the list of species that occur in less than 5% of quadrangles
(using the grid 6’ x 10"). In order to find out how these species can be better protected,
this list of rare species will be analysed regarding the following aspects:

(1) Is the proportion of floristic elements different between the rare and common
native species?

(2) How many of the rare species are on the limit of their distribution area and at
which cardinal points do they reach their distribution border in Estonia?

(3) Which are the habitat preferences for rare species?

(4) How does the sensitivity of species to human impact differ in rare species com-
pared to the common ones?

(5) To which rare species does Estonia have to pay special attention, since they are
also rare or missing in neighbouring countries?

(6) Does the distribution pattern of the rare species show regional trends?

Materials and methods

Estonia lies in the circumboreal zone between 57°30" and 59°30’ N, and 22° and
28° E, covering an area of 47 450 km?. The diversity of bedrock types, considerable
climate differences between coastal and inland, and northern and southern parts of the
country, the soil diversity, low population density, and high percentage of natural and
semi-natural communities make the Estonian flora rich in species. It contains 1538
native species (native species include also archeophytes sensu Lahti et al. 1988) and
subspecies (T. Kukk 1999). The general character of the Estonian flora is established
by species of the boreal temperate zone, usually with wide areas of distribution. For an
overview of the general features of the Estonian environment and plant communities
see Laasimer (1965) and Paal (1998).
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The database of the Atlas of Estonian vascular plants was started at the beginning
of the 1970s. Many people have been involved in collecting this data, both in the
field and from herbaria; reliable data from literature and from different projects have
also been included. All 494 quadrangles have been inspected at least twice. In each
quadrangle different habitats were visited. The data were collected mainly by profes-
sional botanists. The help of amateurs has been used in some groups (e.g. orchids),
in cases where qualified people were available. At the end of the 1990s the database
was computerised. The analysis was carried out starting with the rare species, as we
consider these data to be most complete.

We have applied the Central European grid system (6" x 10'). The size of the grid
quadrangles in Estonia is about 100 km? (11.1 x 9.45 km). The database includes the
lists of flora for all 494 quadrangles. For the main analysis of rare species the data
recorded after the year 1970 was used. The apomictic genera Alchemilla, Crataegus,
Euphrasia, Hieracium, Pilosella, and Taraxacum were excluded since the data on
their distribution is not readily comparable with that of all the other taxa. We define
as ‘rare species’ species that occur in less than 25 (5%) quadrangles. The taxonomy,
classification of floristic elements, sensitivity to human impact, and distribution bor-
ders follow the earlier study (T. Kukk 1999). For comparing species’ distributions in
neighbouring countries the Red Data Book of the Baltic region (Ingelog et al. 1993),
and several floras and atlases (Jalas and Suominen 1972-1996; Minjaev et al. 1981,
Hultén and Fries 1986; Mossberg et al. 1992; Laasimer et al. 1993; Kuusk et al.
1996; Hamet-Ahti et al. 1998; Jalas et al. 1999) were used. In the further analysis the
taxonomic rank difference between species and subspecies will not be considered.

Habitat types mostly follow Flora of the Baltic countries (Laasimer et al. 1993)
with some notes from Paal (1997). The classification of floristic elements in Estonia
follows that of T. Kukk (1999), based on Hultén (1950, 1971) and Hultén and Fries
(1986), but the groups defined are slightly different in content and structure.

For statistical analysis in comparing rare and common species the x2 test was
applied.

Results

The number of species (some subspecies included) occurring in less than 25 quad-
rangles (5%) is 257 (17%), if we consider only the records made later than 1970 in
the database of the Atlas of Estonian vascular plants (Appendix 1). Among these rare
species, 69 (20%) are neither under nature protection nor in the Red Data Book.

Floristic elements

In Estonian flora the largest number, 28.7%, of species (T. Kukk 1999) belong to the
Euro-Siberian element and this element is also very abundant among rare species
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(24.5%). The comparison of the proportions of different floristic elements among the
common native flora (83 endemic taxa were excluded as they mainly were apomicts ex-
cluded from the rare species list) and among rare species revealed significant differenc-
es regarding arctomontane, circumpolar, and disjunct circumpolar species (Figure 1).
There are more arctomontane and disjunct circumpolar species among rare ones than
we would expect from their share in the common flora, and less circumpolar ones.

Border of the distribution area

In the Estonian flora, 455 species (30%) reach the limit of their distribution area (T.
Kukk 1999). In the list of rare species the number of such species is 178 (69%), and
among common ones 227 (18%). These ratios differ significantly (P = 0.05) and we
can conclude that there is a greater proportion of rare species among margin species
than in the total native flora. There are no significant differences in the cardinal points.
In the total native flora, the largest number of these species reach the limit of their
distribution in the north and northeast, and there is a similar ratio among the rare
(Table 1). However, 64% of species on their SW limit are rare.

Habitats

Rare species occur in all 21 habitats listed for the analysis (Figure 2; Appendix 1). The
smallest number of species occur in the sea, in bogs, and in drained peatland forests,
where the species richness is generally low. The habitats richest in rare species are
dry and fresh forests and grasslands, bushes and forest margins, ruderal open habitats.
Thirty-six species, many water plants among them, occur only in one habitat type

35
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O common

Figure 1. Percentage of different floristic elements in rare and common flora. Statistically significant dif-
ferences are noted with an asterisk.
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Table 1. Number and percent of margin species among rare and common species.

Number of % Among Number of com- % Among com-
Cardinal point  rare species rare species  mon species mon species
N 53 29.8 68 245
NE 49 27.5 79 28.5
E 16 9.0 29 10.5
SE 14 7.9 42 15.2
S 13 7.3 14 5.1
SW 7 39 4 1.4
W 6 34 9 32
NW 20 11.2 32 11.6
178 277

habitat

number of rare species found in the

123 4567 8 91011121314151617 18192021

habitats

Figure 2. Habitat preferance of rare species. 1 — dry and fresh forests, 2 — floodplain forests, 3 — paludified
forests, 4 — peatland forests, 5 — drained peatland forests, 6 — dry and fresh meadows, 7 — floodplain
meadows, 8 — coastal meadows, 9 — paludified meadows, 10 — fens, 11 — bogs, 12 — rocks, 13 — shores,
14 — dunes and sandy plains, 15 — bushes and forest margins, 16 — freshwater, 17 — sea, 18 — open ruderal
habitats, 19 — cultivated meadows and fields, 20 — parks and gardens, 21 — burnt-over and clear cut forests.

(Figure 3). Most of the species can grow in 2-3 habitats. The number of habitats in
which a species can occur and the number of quadrangles that it inhabits is not highly
correlated (r = 0.25).

Sensitivity to human impact

Describing the different tolerance of the species to human impact, the classifica-
tion proposed by Linkola (1916) and applied by T. Kukk (1999) was used, where
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Figure 3. Number of habitats (from 21 distinguished) applied by a rare species.

hemerophobes are species that shun human impact, hemeradiaphores are species that
can tolerate weak impact, apophytes make use of human impact, and antropophytes
have at one time been introduced by man and cannot survive without human activity
(old field weeds).

The analysis showed that significant differences exist in the proportions of apo-
phytes and hemerophobes among rare taxa and in the common flora (Figure 4).
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Figure 4. Sensitivity of rare and common species to human impact. Statistically significant differences in
total flora and rare taxa are noted with an asterisk.
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Distribution patterns of rare species

Among Estonian rare species there are 86 that are rare or missing in the neighbouring
territories (Aland, Finland, Sweden, Latvia and Leningrad district of Russia). These
species are marked in the list (Appendix 1) in bold, and Estonia has to pay special at-
tention to their protection. There are 35 species, whose occurrence in quadrangles has
drastically decreased during the last decades — there have been four or more times more
finds before the 1970s. These species are shown by an asterisk in Appendix 1. Figure 5
depicts the map of all the recordings of these species throughout the 20th century, and
Figure 6 only the recordings since 1971. The decline has been great in most regions.

In Figure 7 the distribution of all 257 rare species is depicted. The main centres
of distribution of rare species lie in the western part of the island of Saaremaa and in
the island of Hiiumaa. On the mainland besides the western coast some concentration
of rare species can be seen in SE Estonia. Remarkable in that region is the vicinity
of Tartu city. Some other quadrangles rich in rarities are Kurtna Nature Reserve (NE
Estonia) and Endla Nature Reserve (north from Tartu). In all the quadrangles where
there are at least 13 rare species the total list of native species exceeds 400. The
correlation of species richness and number of rarities in quadrangles is shown in
Figure 8. Geographically, species richness decreases significantly from west to east
(Figure 9) and so does the number of rare species in quadrangles (Figure 7).

Discussion

It has been suggested that rare species differ from taxonomically related common
species in several biological traits (Rabinowitz 1978, 1981; Gaston and Kunin 1997).
For instance, rare species tend to display more extreme values for floral traits than
the common plants (Kunin and Shmida 1997). However, several works report that
the characteristics are broadly overlapping (Lahti et al. 1991; Kunin and Gaston
1993; Thompson et al. 1999). Seed and germination traits are most often considered
(Edwards and Westoby 1996; Eriksson and Jakobsson 1998; Thompson et al. 1999).
No single trait influences both abundance and geographical distribution range (Eriks-
son and Jakobsson 1998). Seed removal patterns in a widespread and an endemic
tree species pair did not explain the differences in range size (Pirie et al. 2000). In
addition to these morphological and life history traits, there may exist differences
between rare and common species in their biogeographical and habitat preference
traits that are objects of current study.

Border of the distribution area

Historical and ecological reasons make the diversity of species to decline towards the
poles (Dahl 1998). Hodgson (1986) has reported a high proportion of rare species
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Figure 5. The distribution pattern of 35 decreasing species throughout the 20th century. Fully filled square

denotes the occurrence of 10 species.
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Figure 8. The correlation of total species richness and number of rare species in the quadrangles.

among those near the northern limit of their distribution area in Britain. In Finland,
the number of species decreases severely from south to north and so does the number
of rare species (Lahti et al. 1988). In Germany, species’ richness increases from
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northwest to southeast (Haeupler and Vogel 1999). In Sweden the number of threat-
ened taxa and the total number of taxa decrease from south to north (Gustafsson
1994).

Estonia is a small round-shaped country, however, many species reach there the
northern limit of their geographical range, and, among them, many are rare (Table 1).
The country reaches sea in north and west, and the same regions are characterised
by calcium-rich soils and a milder climate. These asymmetries in the territory may
explain why the decrease of species richness from south to north is nonsignificant
contrary to the significant decrease from west to east.

Floristic elements

Floristic elements have been considered useful tools in phytogeographical analysis
(Preston and Hill 1997) and therefore the distribution of our rare species among these
categories was of great interest. It has been noted earlier that Euro-Siberian taxa are
prevailing in the Estonian flora (Laasimer 1965; Kask and Laasimer 1987). The other
abundant group is European species (Figure 1). In the rare species list, as in the total
list of Estonian flora, Euro-Siberian and European taxa prevail. However, more than
a quarter of species among disjunct circumpolar, coastal circumpolar, coastal Eu-
ropean, continental Eurasian, and arctomontane taxa are rare. Among arctomontane
species many are very rare: Cerastium alpinum ssp. lanatum, Oxytropis campestris,
Pinguicula alpina, Poa alpina, Saxifraga adscendens. The gradually warming climate
could be one of the reasons, and the gradual loss of habitats of these species may be
another.

Among continental Eurasian species some (Cruciata glabra, C. laevipes and
Veronica dillenii) have been always rare, but some (Arenaria procera, Dracoceph-
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alum ruyschiana, Festuca trachyphylla, O. pilosa, Silene chlorantha) are decreasing
as a result of the overgrowing of their open, sandy habitats.

Among disjunct circumpolar plants, where significantly more rare species exist
than expected, there are several whose distribution is decreasing, mainly pterido-
phytes (Botrychium sp.), water and mire plants (Juncus stygius, J. squarrosus, J.
bulbosus, Swertia perennis, Rhynchospora fusca, Drosera intermedia, Lobelia dor-
tmanna, Isoetes lacustris). Coastal plants, both European and circumpolar, embrace
mainly species that have always been rare in Estonia, such as Cochlearia danica,
Eryngium maritimum, Ruppia cirrhosa.

Among circumpolar species, few rare ones occur (Figure 1). Circumpolar plants
have a wide geographical range and may exist in quite a wide range of habitats. There-
fore, a few found their way onto the list of rare species. Among them, anthropophytes
Agrostemma githago and Neslia paniculata, and several water plants such as Alisma
gramineum, Najas marina ssp. intermedia, Utricularia minor.

Habitats

Many rare species occur in more than one habitat, and species that inhabit only
one quadrangle may grow in more than one habitat type. Carex demissa, Equise-
tum X litorale, Lathyrus linifolius, S. otites, C. laevipes, Teesdalia nudicaulis, Ror-
ippa sylvestris occur only in one quadrangle, but should be able to inhabit maybe
even five habitat types. Among species that occur in 10 or more quadrangles, wa-
ter plants may inhabit only one habitat type. The restricted habitat specificity was
the most frequent rarity form at the regional scale in Norwegian decidous woods
(Satersdal 1994). Although habitat deficit plays a role in species’ rarity it cannot be
the main factor in Estonia. Decreases in species distribution are probably caused by
fragmentation of habitats and by peculiarities in plants’ reproductive systems.

Sensitivity to human impact

The coastal territories of Estonia were inhabited 8000-7000 years ago, but agricul-
tural activities that really changed the landscape started about 4000 years ago (Lang
1995). During this time the floristic composition has changed due to climate changes,
but during the last centuries human activity has led the process. Different species
tolerate human activity to a different extent. It could be expected that among he-
merophobes there are more rare species, since human large-scale impact could have
decreased the abundance of these species. The analysis confirmed this statement.
Among apophytes the difference between their abundance in the common flora and
in rare species was also significant, but in this case there was a smaller proportion
of apophytes among rare ones. This can be explained by the fact that among the
apomictic groups that were excluded from the rare species list, the majority were
apophytes.



182

Distribution pattern of rare species

For a quick estimation of plant diversity, the number of rare and endangered plants

has been found to be more suitable than the total number of species (Haeupler and

Vogel 1999). Still, these figures might be well correlated and the number of all species

being a better predictor of rarity than area (Jarvinen 1982). In Germany, endangered

species are concentrated in the biogeographically most diverse parts of the country

(Schonfelder 1999). In Britain, the loci of 139 rare plant species were more aggre-

gated at the 10 km scale than expected by chance, and relative dispersal ability and

pollination type had an influence on the degree of loci aggregation (Quinn et al. 1994).

Besides biological features, soil characteristics also play an important role in this. Our

analysis also indicates a correlation between the number of rare species and general

phytodiversity (Figure 6).

The greater number of rare species restricted to calcareous rather than acidic
soils is consistent with the greater number of calcicoles than calcifuges within the
(British) flora (Hodgson 1986). More threatened taxa in Swedish forests grow on
soils with higher pH than nonthreatened taxa (Gustafsson 1994). The plant species
pools for limestone and chalk areas are generally bigger than for the areas of acid
bedrock in Europe (Kukk and Kull 1997). In Estonia, the concentration spots of
rarities lie in the regions with high species richness and with an almost neutral soil
pH. In most concentration spots the high phytodiversity is supported by protected
areas.

Those 35 species whose recorded distribution has drastically decreased during the
last quarter of a century probably contain some species that are not easily identifi-
able and whose sightings are therefore more scarce. However, there may be objective
explanations:

(a) ancient field weeds have been killed by herbicides and new agricultural tech-
niques (A. githago, Bromus arvensis, B. secalinus);

(b) mires have been drained in some regions and they are now overgrown with trees.
This has influenced sporadically distributed species such as Lycopodiella inun-
data and S. hirculus;

(c) meadows and alvars (habitat with thin soil layer on limestone), the typical sites
for Anthyllis species, Trifolium campestre etc. are overgrowing with bushes due
to a decrease in their agricultural use.

The Estonian flora is diverse and so is the list of rare species containing rep-
resentatives of all plant groups. The concentration spots are mainly correlated with
lime-rich soils in West Estonia and small local lime-rich areas in East Estonia or with
SE continental sandy areas.

Schnittler and Giinther (1999) have published a list of 417 taxa which are threat-
ened throughout Central Europe and show predominantly Central European distri-
bution. Among the Estonian rare species, 37 occur in the Central European list,
a few with a mark of high responsibility, e.g. Potamogeton trichoides, Orobanche
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elatior, Epipogium aphyllum, Dactylorhiza incarnata subsp. ochroleuca, Crepis
mollis and Botrychium matricariifolium.

Accordingly, the list of protected and Red Data Book species should be revised
considering these results as 20% of these species are neither under nature protection
nor in the Red Data Book. Special attention should be paid to the study of the 35
species that have dramatically decreased during the last decades.
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