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Abstract

An attempt was made to identify the major risks to the
population of Betula humilis Schrk. existing in a small isolated
transitional peat bog near Lake Bikcze, in the Leczna-Wtodawa
Lakeland. The biometric features of 40 Betula humilis individu-
als were measured as well as the growth of shoots, flowering and
fruiting were observed. Habitat conditions were characterized by
making measurements of selected abiotic and biocenotic envi-
ronmental factors. The obtained results allowed us to identify
two main threats to the proper functioning of the study popu-
lation. The first one is the possible loss of genetic identity of
the species as a result of probable ongoing introgression by the
potential crossing of Betula humilis with other species of the ge-
nus Betula, which are numerous in the flora of the studied area.
Another threat is a change in habitat conditions (mainly light and
water conditions), which is due to the accelerated secondary suc-
cession manifested by the expansion of common species such as
Salix cinerea, Betula pendula, and Phragmites australis.
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INTRODUCTION

Transitional and raised peat bogs are among the
most valuable natural sites of the L.gczna-Wtodawa La-
keland. They are characterized by the presence of plant
species with the so-called narrow ecological spectrum
(Fijatkowski, 1991). These species, which are
often relict, rare and protected species, are also found
in the flora of the transitional peat bog adjacent to the
western shore of Lake Bikcze (Pogorzelec and
Banach, 2008).

Lake Bikcze is located in the south eastern part
of the Leczna-Wilodawa Lakeland, 51°22° N longitude
23°03° E latitude. In the past, it was a flow-through

lake, fed and drained by the Piwonia river. Currently, it
is surrounded by a drainage ditch and an embankment
on its western side and functions as a storage reservoir
(Wojciechowski, 1979). The space between the
reservoir water-table and the embankment is covered
by a transitional peat bog.

A part of this peat bog, especially from the we-
stern and northern sides, undergoes succession by the
intensive development of plant communities with Sa-
lix cinerea and the encroachment of species such as
Betula pendula and Phragmites australis, which has
a significant influence on the change in habitat con-
ditions in this area (primarily water and light condi-
tions). It determines the withdrawal of species specific
to bog flora, including the so-called “special concern”
species (Lorens et al. 1998; Pogorzelec and
Banach, 2008).

One of the relict plant species is the rare and
protected Betula humilis, a highly branched shrub
that reaches a height of 0.5 to 2.0 m. Betula humilis
is an anemophilous, monoecious plant with dioecio-
us flowers (Bionska, 1974; Staszkiewicz
et al. 1991). Betula humilis can create hybrids with
other birch species: Betula pendula, B pubescens, and
B. nana (Pigkos-Mirkowa and Mirek, 2003).

Betula humilis is a late-glacial relict which
came to Central Europe from the north in the Pleisto-
cene. The geographical range of Betula humilis inc-
ludes Eastern Europe and the central part of Europe.
In isolated stands, it also grows in the foothills of the
Alps, in south-western Germany, northern Switzerland
as well as in the eastern and southern Carpathians.
Outside Europe, Betula humilis extends its range to
the Altai Mountains, beyond Baikal, northern China,
reaching as far as the Sea of Okhotsk. A narrow strip
along the Yenisei River reaches into the Arctic Circle
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(Biorniska 1974; Zatuski etal.2001; Pig¢kos-
-Mirkowa and Mirek, 2003).

In Poland Betula humilis reaches the south-we-
stern border of the compact range. Its stands are gro-
uped in the northern and eastern parts of the country in
Western Pomerania, Masurian Lakeland, Podlasie, and
the northern Lublin region. Small numbers can be fo-
und in dispersion in the western and eastern Great Po-
land, Lubusz Land, in Mazovia, and northern Galicia.

Betula humilis is a species that is withdrawing
from its stands. In Poland there were more than 350
sites recorded in the past, while only about 70 were re-
cently confirmed. The current number of natural stands
confirmed in the Lublin Region is 20 Jasnowski,
1955; Soczewska, 2000; Zatuski etal. 2001).

Betula humilis is one of three species of the ge-
nus Betula that are legally protected in Poland.

The progressive disappearance of Betula humi-
lis stands is the result of large-scale drainage of we-
tlands, their too intensive use as hay meadows and
pastures, the conversion of grassland to farmland and
its reforestation, as well as peat extraction (Zatuski
et al. 2001; Jasnowski, 1955; Piekos-Mir-
kowa and Mirek 2003; Pigkos-Mirkowa,
2006).

This work aims to characterize the populations
of Betula humilis against the background of their ha-
bitat conditions in one of the stands in a small isolated
peat bog in the Eeczna-Wlodawa Lakeland, and it is an
attempt to identify threats that may have a significant
impact on the further functioning of the study popula-
tion in that area.

MATERIALS AND METHODS

A field study was conducted in the period 2007-
2009 in a transitional peat bog adjacent to the western
shore of Lake Bikcze, in the Eeczna-Wiodawa Lake-
land (Fig. 1).

The first stage of the study was to explore this
area on foot; this was aimed to initially identify the
location and number of Betula humilis specimens in
the peat bog.

5 study plots of 100 m? in area were selected. The
selection of the plots was dependent on the abundance
and distribution of Betula humilis individuals, but also
on the diversity of phytoceonoses and habitat condi-
tions. The number of Betula humilis individuals was
identified for each plot. Biometric measurements were
made on 40 shrubs that grew within the plots, including
the following: plant height (cm), two diameters of each
shrub, number of properly developed shoots, number of
leaves of a shoot with medium length, length and width
of the largest of the first three leaves that were located
in the upper part of the representative shoot. Biometric

measurements of the same shoot were repeated each
year; the examined specimens were marked with tags
(leaf measurements were made in 2008-2009).

Observations were conducted of flowering and
fruiting individuals of Betula humilis at the study sites.

Selected abiotic environmental factors were
measured repeatedly: ground water level (cm; with
a ruler), acidity (pH, using a field battery-operated
pH-meter), electrolytic conductivity (uSxcm?, using
a field battery-operated conductometer), in the upper
layer of groundwater and the degree of shading of the
bog surface (%) by the trees in each plot.

Detailed lists of vascular flora species in the
plots were also prepared in 2008. The species occurring
in the investigated phytocoenoses were identified using
the key of Rutkowski (1998), species nomencla-
ture, Polish and Latin, followed Mirek et al. (2002),
the assignment of particular species to syntaxonomic
units followed Matuszkiewicz (2005). During
office investigations, Ecological indicator values of
vascular plants of Poland (Zarzycki et al. 2002)
was also used to determine specific habitat conditions,
based on the affinity of plant species of particular phy-
tocoenoses with characteristic ecological groups.

RESULTS

The Betula humilis population around the peat
bog numbered about 100 individuals (bushes). Alto-
gether, 40 Betula humilis individuals grew within the
study area (study plot no. 1-10 individuals, no. 2-6
individuals, no. 3-1 individuals, no. 4-5 individuals,
no. 5-8 individuals). Measurements taken on the Be-
tula humilis individuals located within the study area
confirmed the high diversity of biometric features of
plants (Table 1.) The height and diameter of the shrub
determined the number of leaves of the examined in-
dividuals. Shrubs over 100 cm in height had a greater
number of leaves. The examined shoots grew from 0 to
80 cm per year. All specimens bloomed and bore fruit.
During the analysis of floristic inventories in the study
area, 54 species of vascular plants belonging to 27 bo-
tanical families (the family Cyperaceae was the most
numerous — 8§ species) and 11 syntaxonomic classes
were recorded altogether (the most abundant class was
Alnetea glutinosae — 21 species).

Betula humilis co-occurred with vascular plant
species such as Betula pendula, Calamagrostis cane-
scens, Equisetum fluviatile, Oxycoccus palustris, The-
lypteris palustris (Table 2) in the studied area. During
the years of the study, the species composition of the
flora did not change.

The vast majority in the phytocoenosis of the
peat bog were species characteristic of moderate-
ly warm and moderately cool climatic conditions.
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The flora was dominated by plant species that prefer
moderate light at their sites (including Betula humilis).
Both the field observations and flora analysis indicated
a predominant proportion of wet soil plants, but also
moist and fresh soil plants. The flora of the studied area
was dominated by species preferring moderately poor
(mesotrophic) and rich soils (eutrophic) with a neutral

or a slightly acidic pH (5-6). The largest group consi-
sted of species that prefer humid habitats (Table 3).

In the peat bog near Lake Bikcze, a significant
increase was observed in the level of groundwater in
all the plots between the years 2007 and 2009; this pro-
bably resulted in a rise in groundwater acidity values
(Table 4).

Table 1
Biometric features of selected (40) specimens of Betula humilis examined in 2007-2009.
Examined feature Mean value Median Min. Max.
Year 2007 2008 2009 2007 2008 2009 2007 2008 2009 2007 2008 2009
Plant height (cm) 110.0 120.0 120.0 90.0 120.0 120.0 40.0 30.0 40.0 180.0 200.0 200.0
Shrub diameter I (cm) 120.0 80.0 110.0 100.0 80.0 100.0 40.0 10.0 10.0 490.0 270.0 220.0
Shrub diameter II (cm) 80.0 60.0 80.0 70.0 50.0 80.0 200 10.0 10.0 200.0 240.0 220.0
Number of shoots 379 318 310 100 170 100 1.0 1.0 1.0 2100 190.0 273.0
) All shoots 123.8 89.5 70.0 1195 845 595 23.0 11.0 8.0 2850 193.0 253,0
Numberof leavesin 150 . 954 576 488 69.0 465 465 230 110 80 2800 1840 910
a selected shoot
<100cm 161.3 109.6 972 152.0 1020 81.0 57.0 420 31.0 2850 193.0 273,0
A —leaf length (cm) - 23 2.0 - 23 2.0 - 1.3 1.3 - 35 2.9
B - leaf width (cm) - 1.8 1.6 - 1.7 1.6 - 1.0 0.7 - 2.9 23
A:B - 1.3 1.3 - 1.3 1.3 - 0.6 1.0 - 1.8 2.0
Table 2
Species composition of vascular flora in the plots in 2008
Study plot Study plot
Species Species
1 2 3 4 5 1 2 3 4 5
Agrostis capillaris + + Lycopus europaeus + + + +
Andromeda polifolia + + Lysimachia nummularia +
Betula humilis + + + + + Lysimachia thyrsiflora +
Betula pendula + + + + + Lysimachia vulgaris + + + +
Betula pubescens + + + + + Lythrum salicaria + + + +
Calamagrostis canescens + + + Menyanthes trifoliata + + + +
Calla palustris + + Oxalis acetosella +
Carex acutiformis + Oxycoccus palustris + + + +
Carex chordorrhiza + Peucedanum palustre + + + +
Carex elata + Phragmites australis +
Carex lasiocarpa + Poa pratensis + + +
Carex limosa + + Poa travialis + +
Carex nigra + + + Populus tremula + + +
Carex rostrata + + + Potentilla erecta +
Cicuta virosa + + Ranunculus lingua + +
Comarum palustre + + + + Rubus idaeus +
Dactylorhiza majalis + Salix aurita + + + +
Deschampsia caespitosa + Salix cinerea + + + + +
Drosera rutundifolia + Salix lapponum +
Equisetum flaviatile + + + + + Salix pentandra +
Eriophorum angustifolium — + Salix rosmarinifolia + + +
Frangula alnus + + + Solanum dulcamara +
Galium palustre + + + + Stellaria palustris + + + +
Geranium palustre + Stellaria uliginosa
Geum rivale + Thelypteris palustris + + + + +
Juncus articularis + + + + Typha angustifolia +
Juncus conglomeratus + + Utricularia vulgaris + + +
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Table 3
Percentage of plant species with different habitat requirements in the phytocoenoses of the study plots
(using the ecological indicator values of vascular plants) (Zarzycki etal. 2002).
Indicator values
Selected indicators
1 2 3 4 5 6
L —light value 2 5 18 85 11 0
T — temperature value 2 18 80 91 0
K — continentality value 0 0 91 7 0
W — soil moisture value 0 2 18 45 75 11
TR — trophy value 5 16 67 56 2 0
R —soil (water) acidity (pH) value 7 18 45 67 22 0
H - organic matter content value 4 42 84 0 0 0
Table 4
Values of some abiotic factors measured in the upper layer of groundwater of the plots in 2007 and 2009.
Date Plot Acidity Electrolytic conductivity Water level Shading of the
(pH) (uS x cm) (cm) bog surface (%)
1 4.7 88.4 7.0 -
2 49 102.3 9.0 -
% 12.07 3 44 64.4 7.0 -
4 4.8 100.1 4.0 -
5 5.4 73.6 7.0 -
1 6.7 134.0 27.0 20
2 6.7 128.0 31.0 30
20. 05 3 6.4 154.0 28.0 10
4 6.9 122.0 30.0 50
= 5 5.6 117.0 16.0 20
S 1 6.7 178.3 17.0 -
2 6.2 173.0 16.0 -
14.07 3 5.8 116.0 14.0 -
4 6.6 124.0 18.0 -
5 6.0 128.0 15.0 -
1 59 149.0 24.0 30
2 6.0 121.0 18.0 30
16. 05 3 6.1 159.0 22.0 10
4 6.6 156.7 26.0 50
2 5 6.1 132.0 22.0 20
S 1 6.3 53.0 42.1 -
2 6.5 56.0 44.2 -
12. 07 3 6.2 59.0 35.0 -
4 6.3 80.0 43.2 -
5 6.7 122.0 30.0 -
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Fig. 1. Location of the study area in the L¢czna-Wiodawa Lakeland.

DISCUSSION

The literature data relating to morphological di-
versity present Betula humilis as an extremely variable
species. Rutkowski (1998) gives the average he-
ight of a Betula humilis shrub in the range of 30-80 cm
(max. 120 cm). Boifnska [1974] reported that vario-
us individuals in Northern Poland clearly differed from
each other in their height: from about 50 cm (Kosze-
lewki fen) to about 300 cm (Cielgtnik mire). In 1998,
Endler and Duriasz described that the highest
bushes of Betula humilis in the Zabrodzie Reserve (the
central part of Lake Mragowo) grew to 160 cm, and the
height of the most common individuals ranged from
70 to 120 cm.

According to Matowicka and Jabton-
ska (2008), Betula humilis specimens measured from
several to 200 cm in Poland (sometimes 300-400 cm).

In the present author’s study conducted in 2007-
2009 on Lake Bikcze, it was found that the height of
specimens ranged from 33 cm to 200 cm. The studied
trait was probably determined by the availability of li-
ght in the habitat and the age of specimens.

In 1968 Fijatkowski presented the re-
sults of measurements of leaf length in the examined

species as ranging from 1 to 3.5 cm. In all the samples
taken from low birch trees in northern Polish, the valu-
es of morphometric features of the leaves, irrespective
of the type of the shoot from which they came, ranged
as follows: lamina length — from 0.8 to 4.6 cm, lamina
width — from 0.4 to 3.3 cm, and the ratio of leaf length
to width ranged from 0.7 to 2.5 (Bionska, 1974).
According to Staszkiewicz (1991), the
length of B. humilis leaf blade (in specimens examined
at 13 sites in Poland) reached from 0.8 to 4.4 cm. This
corresponded, more or less, to the values determined
for northern Poland (Boinska, 1974) and to the va-
lues determined during the present author’s study con-
ducted in 2007-2009 in the peat bog near Lake Bikcze.
The analysis of the length, width, and ratio of
length to width of Betula humilis leaf may indicate that
the cause of a wide range of variability of these featu-
res in local floras could be the presence of interspecific
hybrids. The huge variability within the species is due
not only to environmental conditions, but is mostly de-
pendent on the genetic characteristics of individuals,
as evidenced in the research of Staszkiewicz et
al. (1991a). It is known that Betula humilis often cros-
ses with other native species of birch such as Betula
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pendula and B. pubescens, which often co-occur with
the study species in natural stands (Pieko$§-Mir-
kowa and Mirek, 2003).

In the peat bog near Lake Bikcze, the occurren-
ce of numerous species (Betula pendula, Betula pube-
scens) potentially hybridizing with Betula humilis was
noted. Introgression (the gene flow between the cros-
sing populations), which causes gradual loss of gene-
tic identity of the species, may in future be one of the
factors threatening the existence of the Betula humilis
population in this area.

Betula humilis was found in many types of phy-
tocoenoses. It was a component of such classes of plant
associations as Alnetea glutinosea and Phragmitetea
(Endler and Durians, 1998; Sienkiewicz-
-Paderewska, 2007), but it also often occurred in
associations of the class — Scheuchzerio-Caricetea ni-
grae(Polakowski,1962; Fijatkowski, 1994;
Endler and Durians, 1998; Zatuski, 2001).
Betula humilis is a typical species for low shrubs of
Betulo-Salicetum repentis occurring in transitional
peat bogs and in many sites in Poland it is a compo-
nent of such phytocoenoses (Fijatkowski, 1968;
Boinska, 1974; Endler and Durians, 1998;
Matuszkiewicz 2001; Zatuski et al. 2001;
Piekos-Mirkowa and Mirek 2003; Sien-
kiewicz-Pederewska 2007; Matowicka
and Jablonska, 2008).

Betula humilis was classified as a photophilous
species (Zarzycki etal.2001; Piekos-Mirko-
wa and Mirek, 2003; Zych and Werblan-
-Jakubiec, 2005; Pickos-Mirkowa, 2006;
Matowicka and Jabtonska,2008). Jabton-
ska and Pawlikowski (2004) as well as M a-
towicka and Jabtornska (2008) proved that the
succession progressing towards forest communities,
thereby increasing shading, may contribute to a gradu-
al decrease in the population size of birch and thus the
disappearance of stands of this species.

During the original field investigations, it was
noted that the flora of the peat bog near Lake Bikcze
was dominated by taxa that were characteristic for
classes such as Alnetea glutinosae, Scheuchzerio-Ca-
ricetea nigrae, Oxycocco-Sphagnetea, Phragmitetea.
The peat bog phytocoenosis was characterized by
a high proportion of expansive plant species. A strong
competition from woody vegetation in the future may
be another threat to the proper functioning of the popu-
lation. In the peat bog near Lake Bikcze, a progressive
process of ecological succession has been observed for
many years. It manifests itself mainly by the encroach-
ment of plant communities dominated by Salix cinerea
and Betula pendula into the peat bog (Lorens et al.
1998; Pogorzelec, 2009).

According to Zatuski et al. (2001), Betula
humilis growing in Poland prefers slightly acidic so-

ils, rarely a strongly acidic or neutral soil pH, and so-
metimes even an alkaline pH in carbonate peat bogs
(pH 4.7-7.3). However, Zarzycki et al. (2002) fo-
und that an optimal pH for Betula humilis was a neutral
soil pH.

The pH of groundwater examined in situ in the
studied sites in 2007-2009 ranged from acidic to sligh-
tly acidic. The habitat analysis based on selected ecolo-
gical indicator values for vascular plants co-occurring
in the examined habitat of Betula humilis proved that
the flora was dominated by species preferring a neutral
and slightly acidic pH. The results of measurements
of the highest groundwater layer presented in this stu-
dy showed that from 2007 it continually increased and
reached its highest value in July 2009. The part of the
peat bog near Lake Bikcze inhabited by Betula humilis
is a hydrated area where ground water is above the gro-
und level for most of the growing period.

During the study carried out in 2007-2009, the
parameters of the selected habitat conditions within the
peat bog area were appropriate for the preferences of
the studied species. The Betula humilis individuals blo-
omed, bore fruit and quickly grew in length as well as
they increased the number of their shoots, which addi-
tionally confirmed the viability of the population at the
studied site. But it is difficult to predict how long the
population will survive in the study area due to the fact
that the bog area is not protected by any nature conse-
rvation form. Active protection, consisting in the remo-
val of expansive species, could inhibit the progressive
natural succession in the peat bog, and thus allow for
the continuation of the preferred habitat conditions of
Betula humilis.

It is advisable to continuously monitor the po-
pulation of Betula humilis in the peat bog near Lake
Bikcze because of the need to maintain this precious
species and the possibility of early detection of direct
and indirect threats that may affect the size and health
of this population.
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Zych

Perspektywy przetrwania populacji reliktu
borealnego Betula humilis Schrk.
na niewielkim izolowanym torfowisku
na Pojezierzu Leczynsko-Wlodawskim

Streszczenie

Podjeto prébe okreslenia najwazniejszych
zagrozen dla populacji Betula humilis Schrk. eg-
zystujgcej na niewielkim, izolowanym torfowisku
przejSciowym nad jeziorem Bikcze, na Pojezierzu
ELeczynsko-Wtodawskim. Przeprowadzono pomiary
biometryczne 40 osobnikéw brzozy niskiej oraz ob-
serwacje przyrostu pedéw, kwitnienia i owocowania.
Scharakteryzowano réwniez tto siedliskowe prowa-
dzac pomiary wybranych czynnikéw abiotycznych
i biocenotycznych srodowiska. Otrzymane wyniki
pozwolily na wyréznienie dwéch gtéwnych zagrozeni
dla prawidtowego funkcjonowania badanej populacji.
Pierwszym z nich jest mozliwa utrata genetycznej toz-
samosci gatunku, bedaca wynikiem prawdopodobne;j
introgresji zachodzacej przez potencjalne krzyzowa-
nie si¢ Betula humilis z innymi gatunkami z rodzaju
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Betula, ktére licznie wystgpuja we florze badanego
terenu. Drugim zagrozeniem jest zmiana warunkéw
siedliskowych (przede wszystkim swietlnych i wod-
nych), ktora jest wynikiem przyspieszonej sukcesji

wtornej objawiajacej si¢ ekspansja gatunkéw pospo-
litych tj. Salix cinerea, Betula pendula i Phragmites
australis.
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