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Abstract. Linnaea borealis, the twinflower, is considered a critically endangered species in the Potudniowopodlaska Lowland.
The disappearance of the twinflower is mainly caused by habitat changes resulting from forest management, but also light
deficiency due to the increase in canopy cover and growth of the shrub layer (processes of succession).

The aim of the paper is to present the actual distribution and phytosociological characteristics of L. borealis in the northern
part of the Potudniowopodlaska Lowland. In this region, only three out of ten known areas of occurrence (Werchlis, Serpelice,
Grala-Dabrowizna) have endured to the present day. The twinflower occurs in pine forest, Peucedano-Pinetum, and mixed
forest, Querco roboris-Pinetum, communities.

A decrease in the ground cover of twinflower populations was observed in all existing twinflower locations. Although the
area covered by the Linnaea borealis population in Werchli$ increased tenfold during the last 20 years (from about 200 m? in
1993 to 1970 m? in 2013), its cover-abundance according to the Braun-Blanquet scale decreased from 5 to 3. The increase in
the area covered by the twinflower population together with the accompanying decrease in cover-abundance is probably not a
manifestation of species dynamics but rather a response to disadvantageous environmental changes (growth of canopy cover
and shrub layer). Progressive light reduction can initiate the process of fragmentation of a population.

A decrease in the cover-abundance of the L. borealis population (from 4 to 2) was also observed in Serpelice. Its area was
reduced to half of its original size due to anthropogenic destruction of this location. In the third region, Grala-Dabrowizna, also

the negative effects of competitive species (e.g. Vaccinium myrtillus, V. vitis-idaea) are considered.
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1. Introduction

The twinflower Linnaea borealis L. is a relict of the Late
Glacial period. Czubinski (1950) classifies it as a subarctic
boreal-mountain and continental element, whereas Meusel
(1943) assigns it to the boreal and mountain species asso-
ciated with the continental climate. The twinflower’s range
includes northern Europe, Asia and parts of North America.
In Poland, it reaches the southern extent of its range. Zajac
and Zajac (2001) list 233 twinflower stations in Poland, con-
centrated mainly in the northern part of the country and the
Lublin region (Roztocze). In some sites, this species is con-
sidered a pseudo-relict (a relict species growing in new sites
transformed by humans), which spreads by zoochory — its
seeds are dispersed by birds (Czubinski 1950; Zargba 1986;
Browicz, Gostynska-Jakuszewska 1966; Krol 1977).
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Linnaea borealis is a species characteristic of acidophilic
forests of the Vaccinio-Piceetea class and — regionally — of
the maritime Empetro nigri-Pinetum pine forests (Matuszkie-
wicz 20006). In central-eastern Poland, it is most often found in
fresh pine forests (Pucedano-Pinetum, Leucobryo-Pinetum)
and fresh mixed coniferous forests (Pino-Quercetum). Accor-
ding to Zielinski (1962), it also occurs in the Kozienicka Fo-
rest in typical hornbeam forests with a mixture of fir.

The twinflower is an endangered species in many regions of
Poland, and thus strictly protected (Regulation of the Minister of
the Environment 2012). It is considered extinct (category RE) in
the Opole Voivodeship (Nowak et al. 2008), northern part of the
Silesian-Cracow Upland (Herezniak 2002) and Lower Silesia
(Kacki et al. 2003). It is critically endangered (CR) in the Potu-
dniowopodlaska Lowland (Glowacki et al. 2003), Wielkopolska
region (Jackowiak et al. 2007) and the Polish Carpathians (Pig-
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kos-Mirkowa H. 2008). It is dying out in the Swietokrzyskie
region (Broz 1990) and is threatened with extinction (EN) in
the Lublin region (Kucharczyk, Wojciak 1995). Since 2005, the
Department of Botany at Siedlce University of Natural Sciences
and Humanities has been monitoring the twinflower and a small
group of protected, endangered species (such as Cypripedium
calceolus, Adenophora liliifolia, Liparis loeselii).

During studies of the flora in the vicinity of Siedlce, a
new stand of twinflower was found near Grala-Dabrowizna
in the Skorzec Township, in private forests overseen by the
Siedlce Forest Inspectorate, district 10 Grala-Dabrowizna.

The aim of this study is to present the current distribution and
phytosociological characteristics of existing stations of L. bore-
alis in the northern part of the Potudniowopodlaska Lowland.

2. Study area and methodology

The study was conducted in the Mazowsze-Podlasie Re-
gion (Trampler et al. 1990), in the mesoregions of the Siedlecka
Upland, Podlasie Bug River Gorge, the Wegrowskie Depres-
sion, Lukowska Plain and Katuszynska Upland. They form a sli-
ghtly undulating upland with altitudes ranging from 150 to 200
m above sea level. The terrain is dotted with the inselbergs of
moraine hills, kames and eskers formed during the Warthe sub-
stage of the Ice Age (Kondracki 2013). The climate has a mean
annual temperature of about 7.0°C (1°C lower than in areas fur-
ther to the west) and an annual rainfall of about 550 mm. Field
research was conducted in 2013 to verify the stations reported in
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the literature. An exploration of potential floral habitat sites of
the species in neighbouring areas was also carried out.

A single phytosociological relevé was taken according to the
generally accepted Braun-Blanquet method (Braun-Blanquet
1964) of those stations where the presence of L. borealis was
confirmed. The area of the relevé was 100400 m? depending
on the size of the plot. The cover-abundance of each plant layer
and their species composition were noted. Species were classi-
fied according to phytosociological units, allowing us to specify
the phytosociological characteristics of the stations. The area
covered by the population was also estimated. Data on the sur-
face area and species composition of the station were compared
with the literature from about 20 years ago.

New stations of L. borealis in Grala-Dabrowizna were
mapped at a scale of 1:50. Each species of tree, the range of
competing species (bilberry and lingonberry) and patches of
light were noted. The nomenclature used of vascular plant
species is from Mirek et al. (2002), mosses from Ochyra et
al. (2003) and their phytosociological affiliation was deter-
mined according to Matuszkiewicz (2005).

3. Results

The presence of L. borealis was confirmed in three of ten
known sites of the Poludniowopodlaska Lowland, near the
settlements of Grala-Dgbrowizna, Serpelice and Werchli$
(Fig. 1). The general characteristics of the twinflower stations
are presented in Table 1.
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Figure 1. Distribution of Linnaea
borealis stations in the northern
part of the Poludniowopodlaska
Lowland mapped on ATPOL grid
squares (10 x 10 km, according to
Zajac A., Zajac M. 2001). A — ex-
D isting stations, B — stations where
L. borealis was not confirmed. 1
— Grala-Dabrowizna, 2 — Doman-
ice, 3 — Klimki, 4 — Jelnica, 5 —
Migdzyrzec Podlaski, 6 — Cigzkie,
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7 — Bedlne, 8 — Serpelice, 9 —
Werchlis, 10 — Hrud.
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Table 1. General characteristics of Linnaea borealis stations in the Potudniowopodlaska Lowland

No. of ATPOL
00 Forest district Locality Area (m?) 2013 Community Source of information
stand square
. . Peucedano- . .

1 Siedlce Grala- Dabrowizna FD34 120 ) leg. Sikorski 2013
Pinetum

2 Lukoéw Klimki FD45 not confirmed lack of data leg. Fijatkowski 1973

3 Fukow Domanice FD45 not confirmed Q.ueréo Sokotowski 1961

roboris-Pinetum

4 Miedzyrzec Podlaski | Jelnica FD48 not confirmed lack of data leg. Fijatkowski 1968

5 Miegdzyrzec Podlaski | Migdzyrzec Podlaski FD48 not confirmed lack of data Eichler 1883

6 Lukow Cigzkie gm. Wojcieszkow |  FD66 not confirmed lack of data leg. Fijatkowski 1967

7 Radzyn Podlaski Bedlne FD67 not confirmed lack of data leg. Fijatkowski 1975

. . Peucedano- .

8 | Sarnaki Serpelice GD10 91,4 cuceaano Ciosek 1998

Pinetum
. ., Querco Marciniuk,
9 Biala Podlaska Werchli$ GD12 1970 roboris-Pinetum Wierzba 1996
10 Biala Podlaska Hrud GD31 not confirmed Peu.cedano- leg. F1Ja1k'owsk1 1962;

Pinetum potw. Ciosek 1998

Despite years of searching, we did not find twinflower
stands in the areas of Migdzyrzec Podlaski (Eichler 1883 leg.
Fijatkowski 1968) or in the Lukéw Forest District (Sokotowski
1961 leg. Fijatkowski 1973). It has probably also disappeared
from Hrud and the Biata Podlaska State Forest Inspectora-
te (leg. Fijatkowski 1962), confirmed by Ciosek (1998). In
2005, over a dozen twinflower shoots were observed, but this
species was not found again in 2013. No stations of this spe-
cies were found in the vicinity of BedIne village near Radzyn
Podlaski (leg. Fijatkowski 1975) or in Cigzkie in the Woj-
cieszkéw Township (/eg. Fijatkowski 1967).

The largest area (1970 m?) of L. borealis was found near
the village of Werchlis. This stand is located to the north of the
village (52°11°44.70”N, 23°17°13.93”E), in ATPOL square
GD12, not GD22 — as shown in the atlas of the distribution
of plants (Zajac, Zajac 2001). The sparsely canopied tree stand
(a, — 40%, a, — 20%) is made up of Pinus sylvestris and Qu-
ercus robur (Tab. 2). The shrub layer, with a cover of 50%, is
dominated by Q. robur with a mix of Betula pendula, Sorbus
aucuparia, Padus avium, P. serotina and Corylus avellana. The
herb layer is dominated by L. borealis (cover 3), Festuca ovina,
Luzula pilosa and Vaccinium myrtillus (cover 1). Fragments of
the station were covered by dense patches of stiff clubmoss (Ly-
copodium annotinum), sidebells wintergreen (Orthilia secun-
da) and blackberry (Rubus sp.). The layer of moss is dominated
by Pleurozium schreberii and Hylocomium splendens. In total,
26 species of plants were recorded in the relevé. The presence
of oak in all layers of the community, as well as bird cherry and
hazel in the shrub layer indicates the relatively high fertility of

the soil, qualifying the described forest fragment as continental
mixed forest habitat Querco roboris-Pinetum.

This station experienced the greatest change due to the
process of natural succession. The tree and shrub canopy
increased from 40 to 50%; individual blackberry Rubus sp.
(cover 2) plants are also beginning to shade the twinflower
stands. Dense patches of stiff clubmoss L. annotinum and
bilberry V. myrtillus were noted here for the first time. Both
are species which may compete with twinflower stands.

The plots of twinflower were significantly smaller near
Grala-Dabrowizna — 120 m?* and Serpelice — 91.4 m?.

The station near Grala-Dabrowizna (52°05°17.617N,
22°06°53.317E) is located in a fresh coniferous forest, whose
tree stand has canopy layers of 40% for a, and 20% for a,. The
a, layer is comprised of P. sylvestris, while a, includes P. sylve-
stris and Q. robur. The shrub layer with a cover of 40% is made
up of Q. robur (covering 3), with a small number of Frangula
alnus and Juniperus communis. L. borealis dominated the gro-
undcover (cover 5). A significant proportion of layer ¢ cover
was made up of such species as V. myrtillus (cover 3), V. vitis-
-idaea (2) and Melampyrum pratense (1). There were no spe-
cies characteristic for lower phytosociological units, but several
characteristic and distinctive species of the Peucedano-Pine-
tum community were noted in close proximity (Peucedanum
oreoselinum, Solidago virgaurea, Polygonatum odoratum). Ac-
cordingly, the described portion of the forest complex qualified
for this classification. The moss layer (30% cover) was domi-
nated by P. schreberii and H. splendens. In total, 22 species of
plants were recorded in the relevé.
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Table 2. Phytosociological characteristic of Linnaea borealis stations in the Poludniowopodlaska Lowland (data from 1993 and 1996
according to the authors)

Locality Grala-Dabrowizna Serpelice Werchlis
Date 14.06.2013 24.05.96 10.07.2013 09.1993 10.07.2013

Area of plot m? ca.120 ca. 200 91,4 ca. 200 1970
Cover of layer a (%) 30 60 50 40 50
Cover of layer a, (%) 30 30 50 40 40
Cover of layer a, (%) 10 40 20 - 20
Cover of layer b (%) 40 50 50 40 50
Cover of layer ¢ (%) 90 80 70 100 70
Cover of layer d (%) 30 100 60 40 60
Area of relevé (m?) 100 100 100 100 400
Number of species 22 34 34 13 26
Trees and shrubs

Pinus sylvestris a, 2 3 3 3 3

Pinus sylvestris a, 1 2 2 1

Pinus sylvestris b 1 1

Pinus sylvestris c + +

Quercus robur a, 1 1 2 2

Quercus robur b 3 2 2 2

Quercus robur c 2 + 1 + +

Betula pendula a, 1 1

Betula pendula b 2 1

Betula pendula c +

Populus tremula a, 1 +

Populus tremula b 1 +

Populus tremula c + + + 1

Juniperus communis b 1 2 1 1

Juniperus communis ¢ 1 1 1

Frangula alnus b 1

Frangula alnus c 1 + +

Malus sylvestris b

Malus sylvestris c + +

Sorbus aucuparia b 1 1 1

Sorbus aucuparia c + + +

Euonymus verrucosus b 1 1

Salix caprea b 1

Padus avium b 2 1

Padus serotina b 1

Corylus avellana b 1
Ch. D.Vaccinio-Piceetea

Linnaea borealis c 5 4 2 5 3

Hylocomium splendens d 2 4 2 2 2

Pleurozium schreberii d 2 4 3 2 3

Vaccinium myrtillus c 3 3 2 1
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Locality Grala-Dgbrowizna Serpelice Werchlis
Date 14.06.2013 24.05.96 10.07.2013 09.1993 10.07.2013
Orthilia secunda c 1 2 1 2
Vaccinium vitis-idaea c 2 2 1
Melampyrum pratense c 1 1 1
Trientalis europaea c r 1 1
Rubus saxatilis c r +
Luzula pilosa c + 1 2
Solidago virgaurea c + +
Dicranum undulatum d 1 1
Chamaecytisus ratisbonensis c 1 +
Chimaphila umbellata c 1
Moneses uniflora c + ()
Lycopodium annotinum c 3
Accompanying species
Festuca ovina c + + 2 3
Anthoxanthum odoratum c + 1 + + +
Hieracium murorum ¢ r + + +
Veronica chamaedrys c + 1
Deschampsia flexuosa c +
Dryopteris carthusiana ¢ r 1 +
Agrostis capillaris c + +
Fragaria vesca c 1 1
Viola canina c r +
Polytrichum juniperinum d 1 1
Hieracium lachenalii c + +
Carex ericetorum c +
Hieracium pilosella c +
Rumex acetosa c +
Hypochoeris radicata c r
Polytrichum commune d 1
Knautia arvensis c 1
Rubus sp. c 2
Conyza canadensis c r

The station near Serpelice (52°17°12.47”N, 23°02°43.90”E)
is located in the Peucedano-Pinetum fresh pine forest. The
tree stand of 50% a, layer cover is made up of P. sylvestris
(cover 3), while Q robur, P. sylvestris and B. pendula com-
prise layer a,. The shrub layer with a canopy of 50% is domi-
nated by Q. robur, P. avium and B. pendula (cover 2), with a
lesser proportion of J. communis, S. aucuparia and Euonymus
verrucosus. In addition to L. borealis (cover 2), the following
species had the highest proportion of cover: Vaccinium myrtil-
lus, V. vitis-idaea, Orthilia secunda, Festuca ovina, Melampy-
rum pratense and Luzula pilosa. Also present were a number

of species characterising and distinguishing the Peucedano-
-Pinetum community: umbellate wintergreen Chimaphila
umbellata and goldenrod S. virgaurea, while Peucedanum
oreoselinum and scented Solomon’s seal P odoratum also
were in close proximity to the plot. The moss layer, at 60%
cover, was dominated by Pleurozium schreberii and Hyloco-
mium splendens. In total, 34 plant species were recorded in
the relevé.

All three described stations were adjacent to rarely used
forest roads. The twinflower was blooming at each station
and no fruiting specimens were found.
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In Grala-Dabrowizna, the twinflower fully covered the
plot (90-100% coverage) in sunny areas (light squares on
the map). Coverage was significantly lower in shady areas
(40-60% of cover). Competitive groundcover species, such
as V. myrtillus and V. vitis-idaea, may adversely affect the
twinflower population. Confirmation of such interactions
between the species, however, would be possible only after
conducting long-term population studies.

4. Discussion

Only three of the 10 L. borealis stations reported for the
Potudniowopodlaska Lowland remain today. We were una-
ble to confirm the stations in the vicinity of Biata Podlaska,
Migdzyrzec Podlaski, Lukéw, Wojcieszkow and Radzyn
Podlaski. The population directly north of the study area
(the right bank of the Bug River Valley) is also dying out,
as the forest was clear-cut at the station in Wyszkow (Czar-
nota 1973). A few specimens were confirmed there in 1990,
but in 1992, the species was not found. In the Biatowieza

Forest, Sokotowski (1995) found only one twinflower sta-
tion of three previously reported ones. Confirmation is also
required of an unpublished station in Pobikry (leg. Glowacki
1993). In central Poland (L6dZ Voivodeship), the species has
survived in six locations out of ten reported earlier (Jaku-
bowska-Gabara, Kurowski 2012).

Existing stations of twinflower are located in fresh pine
forests (Peucedano-Pinetum) and continental mixed forests
(Querco roboris-Pinetum), communities with the typical
habitats where the species is found (Matuszkiewicz 2008;
Pigkos-Mirkowa, Mirek 2003).

Over the last 20 years, the size of the area populated by L.
borealis near the village of Werchlis increased tenfold, from
about 200 m? in 1993 (Marciniuk, Wierzba 1996) to 1970 m?
in 2013. It is now one of the largest stations in Poland. Even
in the centre of the species’ range (Nidzica Forest), none of
its plots exceeds 900 m? (Sroda, Dabrowski 1999).

The reason for the disappearance of twinflower stations is
primarily habitat change associated with forest management
and succession. One of the most important environmental

Figure 2. Cartogram of Linnaea borealis
station in Grala-Dabrowizna. | — Linnaea
borealis, 11 — Vaccinium myrtillus and
Vaccinium vitis-idaea; 1 — tree of diameter <

&-1 %-u B - [ -B

20 cm, 2 — tree of diameter 21-40 cm, tree
of diameter 41-60 cm; A — shaded area, B —
sunny area
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factors affecting the condition of the L. borealis population
is the availability of light (Browicz, Gostynska-Jakuszewska
1966 Gtazek 1969 Niva 2003; Worrell, Dunlop 2003; Niva
et al. 2006). Numerous studies (Traczyk 1967; Glazek 1969
Izdebski et al. 1988; Lorens 1993) indicate that twinflower
grows in the direction of moderate sunlight, but not in full
sun. For this reason, many stations of this species are found
near roads or tract boundaries. The twinflower avoids shady
areas. [zdebski et al. (1988) and Jakubowska-Gabara and Ku-
rowski (2012) reported on the adverse effect of shrubs on the
twinflower. When light conditions are inferior, the cover bre-
aks up, which causes the station to fragment and small enc-
laves are formed. Fijalkowski (1994) writes that the end result
of these changes may be the disappearance of the station. In
the last 20 years at Werchlis, the amount of light reaching the
forest floor is diminishing due to an increase in the density
of the tree and shrub canopy layers. Although the station has
not yet become fragmented, twinflower cover at this site has
decreased from 5 to 3, which may be the beginning of this
process. The population is spreading to the south, where there
are better light conditions (existence of a forest road).

Pigko§-Mirkowa and Mirek (2003) argue that the varia-
tions in the size of twinflower stations can also be associated
with a periodic or permanent variability of habitat conditions,
suggesting that in dry years, twinflower population size decre-
ases, and during wet years, it clearly grows. This is refuted by
the results of Glazka (1969), Traczyk (1967) and Krol (1977),
which indicate that dry and wet years do not affect the con-
dition of the twinflower and the size of its stations.

The black cherry P. serotina, a highly expansive species,
was noted at the station in Werchlis. It is a potential threat
to the twinflower station. It quickly overtakes the understory
and lower layers of the tree stand, making natural forest re-
generation more difficult and eliminating groundcover spe-
cies (Dajdok et al. 2007; Tokarska-Guzik et al. 2012).

The Serpelice station decreased in size from approximately
200 m?in 1996 to 91.4 m? in 2013. There is a large erratic boul-
der in the eastern part of the station, where formerly twinflower
had grown all around it. Currently, there is no twinflower on its
castern side. This is probably due to rock mining activities. A
decrease in twinflower cover (from 4 to 2) was also observed
in the rest of the station. Because the light conditions here are
stable, this change is probably due to anthropogenic causes.

In the sunlit areas of Grala-Dabrowizna, twinflower was
abundant (cover 5). The proportion of this species in the gro-
undcover was smaller in shadier places. We can assume that
competitive undergrowth species, such as V. myrtillus and
V. vitis-idaea, limit the twinflower population. It would be
useful to methodically study this problem.

Twinflower blooms at all of the stations. No fruiting was
observed, which rarely occurs in Poland. Fruiting specimens

were found by Stecki and Przybylski (1957) and Biernacki
(1962) in the Wielkopolski National Park.

Together with the Siedlce Forest Inspectorate, efforts are
being made to protect the new station in Grala-Dabrowizna as
a natural monument. To this day, in spite of repeated reminders,
the Serpelice station lacks formal protection. All existing L. bore-
alis stations are being monitored (biometric and habitat studies).

5. Conclusions

Based on the research findings, the following conclusions
can be made:

1. The number of existing L. borealis stations in the Po-
hudniowopodlaska Lowland is decreasing. Only three of ten
known stations of this species have survived in the northern
part of the Poludniowopodlaska Lowland to this day.

2. The cover of the twinflower population is decreasing at
confirmed historical stands. At Wierchlis, this is most likely due
to deteriorating light conditions, while at Grala- Dgbrowizna, to
competition from such species as V. myrtillus or V. vitis-idaea.

3. An increase in the area occupied by the twinflower
seems to be rather a response to unfavourable environmental
conditions than a growth trend in the size of the population.
At the station near the village of Werchli$, where the popu-
lation increased in size by almost tenfold over the last 20
years (it is considered the largest in Poland today), its cover-
-abundance has simultaneously decreased. This is probably
the result of deteriorating light conditions and may be the
beginning of the fragmentation of this stand.
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