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Polypodium vulgare L.is a perennial evergreen rhizomatous fern of family Polypo-
diaceae (Bercht. et J. Presl.). The state of P. vulgare is considered to be rare or fairly
rare in Lithuania. The ecological and botanico-geographical status of P. vulgare in
Lithuania might be critical as this fern appears to be an oceanic-suboceanic spe-
cies whose habitats correspond to hillsides.

The first distribution maps of P. vulgare in Lithuania were made by P. Snarskis
and A. Minkevi¢ius in the sixth decade of the 20th century. Their works have not
been continued in Lithuania until this research. The current paper presents an
objective distribution of P. vulgare in Lithuania, based on herbarium material
and information provided by experts of protected areas of Lithuania. The authors
of the paper are stating that localities of P. vulgare, a rare or fairly rare evergreen

fern in Lithuania, have increased significantly during the last 50 years.
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INTRODUCTION

Polypodium vulgare L. is an evergreen peren-
nial rhizomatous fern of family Polypodiaceae
(Bercht. et J. Presl.) growing to 20-30 cm. In Lithu-
ania P. vulgare are usually found in small groups
in forests, especially on slopes in dry pine forests.
Sometimes P. vulgare are cultivated for decorative
purposes in flower gardens, particularly rock gar-
dens.

According to various botanists (Table 1) P. vul-
gare is stated as rare or fairly rare in Lithuania
although it has no protection status. On the other
hand, the ecological and botanico-geographical
status of P. vulgare might be critical because of the
following reasons: (1) in terms of continentality
P. vulgare is an oceanic-suboceanic species (El-
lenberg, 1974), and (2) its habitats correspond to
hillsides where P. vulgare usually grows as an epip-
hyte on tree trunks or branches or as an epilithe
on rocks (Johnson, 1921; Derzhavina, Shorina,

* Corresponding author. E-mail: ingrida.rudnickaite@gmail.com

1992; Jonsell et al., 2000). In addition, Lithuania is
in the eastern part of P. vulgare areal. Our findings
show that localities and populations of P. vulgare
have been increasing in the previous years.

The aim of this paper is to determine P. vulgare
distribution characteristics and dynamics as well
as to analyse the diversity of P. vulgare habitats and
substrates in Lithuania. The present research inclu-
des: (1) making a new distribution map of P. vul-
gare according to the data provided by herbarium
material and results of special survey, (2) critical
evaluation of the first two P. vulgare distribution
maps in Lithuania made by Snarskis (1954) and
Minkevicius (1959), and (3) evaluation of diverse
P. vulgare habitats and substrates according to the
information provided by the labels of herbarium
specimens.

MATERIALS AND METHODS

The data of P. vulgare distribution and habitats
in Lithuania were collected from three sources:
(1) analysis of herbarium material, (2) results of
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Table 1. Habitats and distribution of P. vulgare in Lithuania according to different authors

No Literature

Habitat

Distribution

Dagys, Kuprevicius,

1. Minkevicius, 1934 Around tree-stumps in forest, on shady cliffs Fairly rare
. Rare, reports from
2 Snarskis, 1954 Shady forests, som.etln.les on tree-stumps, stone northern have, so far,
walls, cliffs in open places .
not been verified
Shady forests, sometimes on tree-stumps, .
. . . . . Fairly common, usually
3. Minkevicius, 1959 stone-fences (often in cervices), slopes in open .
grow in small groups
places
4. Snarskis, 1968 Forests, on cliffs, stone walls Fairly rare
Murkaite, Karazija, Shad.y forsest (usually pine), among moss,
5. 1977 sometimes in the banks of forest streams, on Rare
old tree roots
6 Parfionov, Pine forest, mixed forest with addition of pine,  Fairly common in west-
) Lekavicius et al., 1987 notably in hillsides ern and southern area
. Lekavicius, 1989 Forests, slopes, around tree-stumps, as an epi- Fairly common, shold
phyte on tree trunks be protected
3. Naujalis, 1995 Forests (notably pine), gsually on cliffs, around Fairly common
tree stumps, as an epiphyte on tree trunks
Forests (notably pine), usually on cliffs, around .
9. Vilkonis, 2008 tree stumps, as an epiphyte on tree trunks; Fairly common, should

dolomite outcrops

be protected

a questionnaire survey, (3) analysis of literature
sources. The herbarium material of P. vulgare was
evaluated in 6 different herbaria in 2010-2011: Vil-
nius University Herbarium (WI), Institute of Bota-
ny of Nature Research Centre Herbarium (BILAS),
Station of Nature Research and Environmental
Education Herbarium (HSUD), Siauliai Univer-
sity Herbarium (HUS), Lithuanian University of
Educational Sciences Herbarium, and Vytautas
Magnus University Botanical Garden Herbarium
(KA). The latter did not provide any P. vulgare spe-
cimens. The Lithuanian University of Educational
Sciences Herbarium is not registered officially. In
the present study 121 specimens of P. vulgare were
evaluated: 16 provided by WI, 77 by BILAS, 16 by
HSUD, 1 by HUS, and 11 by University of Edu-
cational Sciences.

A special survey of experts working in protec-
ted areas of Lithuania (reserves, national and regi-
onal parks) was carried out during 2011. The main
aim of the survey was to get information about
P vulgare localities verified during ten past ye-
ars. The provided questionnaires consisted of two
main questions: (1) Are there any known P. vul-
gare localities in a specific protected area, and (2)

Are geographical coordinates provided for these
localities? It has also been asked to withhold in-
formation about P. vulgare localities which cannot
be accurately assigned to a specific botanical squ-
are or if there are doubts concerning the presence
of this fern. 36 questionnaires were sent and 25
responses to the information requested have been
received.

The data of the questionnaire survey was not
re-checked in field, thus their purpose was mostly
to renew and support data obtained from herba-
riums. If there were information overlaps in the
map making process, preference was given to her-
barium data in opposition to information provi-
ded by experts in protected areas. However, the
survey data was useful in cases when there were
no herbarium specimens representing a botanical
square.

Information gathered from herbarium analysis,
questionnaire survey and field notes of the paper
authors were used to make P. vulgare distribution
map (Fig. 3). The grid-square system of Lithuania
used in this work was created in the Institute of
Botany (currently, Institute of Botany of Nature
Research Centre) (Gudzinskas, 1993). Botanical
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squares were arranged according to geographical
coordinates with sides 6’ latitude and 10’ longi-
tude. Lithuanian territory was divided into 629
squares each covering from 116.5 to 123.2 km?
area. Possible abundance of P. vulgare is not seen
in these squares as all localities found in the same
square are marked by one point.

The grid-square maps representing distribution
of P. vulgare in Lithuania in the sixth decade of
the 20th century were done using cartographic
data provided by Snarskis (1954) (Fig. 1) and Min-
kevic¢ius (1959) (Fig. 2). The pattern of P. vulgare
distribution was analysed according to the geobo-
tanical division of Lithuania made by Natkevicai-
té-Ivanauskiené et al. (2005).

P vulgare habitat and substrate analysis was
made referring to information provided by various
literature sources and labels of herbarium speci-
mens preserved in all herbariums of Lithuania.

P. vulgare distribution records could either be
interpreted as presence-only or presence-absence
data, depending on what assumptions are made
about the search patterns of contributors. To
avoid this problem, a subsample of botanical squ-

ares with the presence-absence data was made for
further analysis. Botanical squares were sampled
according to the following criteria: (1) a reser-
ve, a national or regional park takes not less than
50% of the whole area of the square, and (2) the
presence or absence data of P. vulgare localities
in a particular square are provided by authori-
ties of these protected areas. Association betwe-
en patterns of P. vulgare distribution in different
geobotanical divisions obtained from the two ty-
pes of data (presence-absence and presence-on-
ly) was tested using Spearman’s rank correlation
coeflicient. Cramer’s V was chosen as a measure
of associations between patterns of P. vulgare dis-
tribution in different geobotanical divisions. Sta-
tistical data analysis has been performed using a
computer program PAST version 2.08 (Hammer
et al., 2001).

RESULTS AND DISCUSSION

P. vulgare distribution according to P. Snarskis

The first P. vulgare distribution map was made
by P. Snarskis in 1954 (original cartographic data
represented on the grid-square map in Fig. 1).

24°

Fig. 1. Distribution of P. vulgare L. in Lithuania (according to Snarskis, 1954)
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Unfortunately, Snarskis did not provide refe-
rences of his information source. However, it is
thought that probably the most important part
of information had been derived from personal
field notes (Snarskis was a very active investiga-
tor of Lithuanian flora) and herbarium material
collected by other botanists. Snarskis reported 11
localities of P. vulgare: 6 of them were situated
in western, 2 in central, 2 in southern, and 1 in
eastern Lithuania. These results indicate that dis-
tribution of P. vulgare in Lithuania is irregular.
This might be explained by the incomplete data
on Lithuanian flora at that time, or irregular dis-
tribution of P. vulgare might be caused by its eco-
logical preference to uplands in the main part of
its range and epiphytic life-form. Snarskis (1954)
named P. vulgare as a rare fern in Lithuania but
did not recommend a protection status. In later
works (Snarskis, 1968) he named P. vulgare as a
fairly rare fern in Lithuania.

P. vulgare distribution according to

A. Minkevicius

The second P. vulgare distribution map was made
by A. Minkevicius in 1959 (original cartographic
data represented on the grid-square map in
Fig. 2). Minkevicius as well as Snarskis did not
specify his information sources of the map. The
floristic map of P. vulgare made by Minkevicius
was published in Lithuanian SSR Flora, Volume I.
Therefore, it might be assumed that Minkevicius
mapped P. vulgare referring strictly to herbarium
material. Minkevicius reported 15 localities of
P. vulgare: 6 of them were situated in western, 4
in central, 2 in southern, 2 in eastern, and 1 in
northern Lithuania. This second map was supple-
mented with two localities of P. vulgare that had
not been mentioned by Snarskis: 1 in northern
and 1 in eastern Lithuania. In addition, Minke-
vi¢ius indicated more localities of P. vulgare in
central Lithuania. Minkevicius did not investiga-
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Fig. 2. Distribution of P. vulgare L. in Lithuania (according to Minkevic¢ius, 1959)
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te localities of P. vulgare on purpose. New reports
about the distribution of this fern were evoked
by intensified floristic studies in Lithuania in ge-
neral as at that moment information on various
plant species were being collected for the volu-
minous publication Lithuanian SSR Flora. It must
be highlighted that some P. vulgare localities in-
dicated by Snarskis in 1954 were not noted in the
map made by Minkevicius in 1959.

P. vulgare distribution according to information
based on herbarium material of herbaria and
survey in protected areas of Lithuania
In the present study the newest distribution map
of P. vulgare (Fig. 3) based on herbarium material
and results of a questionnaire survey is made.
Only 85 of 629 botanical squares are represen-
ting P. vulgare localities (that is 13.5% of the grid)
in Lithuania. In this way, the number of botanical
squares where P. vulgare is reported has increa-
sed 5.7 times since 1954. A significant increase in

P. vulgare localities compared to previous reports
(Snarskis, 1954; Minkevicius, 1959) might be due
to the following reasons: (1) a more comprehensi-
ve territorial investigation of Lithuanian flora on
the whole; (2) the origin of new populations of
this fern.

A more comprehensive investigation of Lithu-
anian flora (in comparison to the sixth decade of
the 20th century) might be seen in the distribu-
tion of herbarium specimens of different dates
in herbaria (Fig. 4). In all, 121 herbarium speci-
mens of P. vulgare are stored in Lithuanian her-
baria. They were collected most intensively in the
7th, 8th, and 10th decades of the 20th century.
Throughout this period no P. vulgare distribution
studies were carried on, all specimens were com-
piled during general floristic investigations. The-
refore, an important information source for dis-
tribution of P. vulgare in Lithuania is believed to
be reports of new populations of P. vulgare made
by experts of protected areas in various places
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Fig. 3. Distribution of P. vulgare L. in Lithuania (according to WI, BILAS, HSUD, HUS,
Lithuanian University of Educational Sciences Herbaria and information from specialists of
protected areas)
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Fig. 4. Distribution of P. vulgare herbarium specimens

of WI, BILAS, HSUD, HUS and Lithuanian University

of Educational Sciences Herbaria according to the date
of collection

in Lithuania, especially in northern and eastern
parts of the country where herbarium material
collected is the poorest.

Even though localities of P. vulgare have in-
creased considerably in Lithuania, their distri-
bution pattern - as first discovered by Snarskis

(Fig. 1) - proved to be irregular. Irregular distri-
bution of P. vulgare is common to some territo-
ries of Eastern Europe (Darafejev, 1993; Tzveliov,
2000). In Lithuania the irregular distribution
pattern of P. vulgare depends undoubtedly on
climatic and edaphic conditions. A comparative
analysis of P. vulgare distribution in geobotani-
cal divisions of Lithuania (Table 2) showed that
there are no registered populations of P. vulgare
in Eastern Europe Province at all. Similarly, few
localities (8.4% of all botanical squares) are found
in the Northeastern Zone Belts of Baltic Sub-
province of Central Europe Province. Taking all
geobotanical divisions into account, the Western
Subzone of Southern Belt of Northeastern Zone
of Baltic Subprovince of the latter sector stands
out: P. vulgare is the most common (28.6%) there
in Lithuania. In Lithuania P. vulgare localities are
statistically significantly associated to the South-
ern Belt of Northeastern Zone of Baltic Sub-
province plus Dainava-Polesye Subprovince of
Central Europe Province (Cramers V = 0.205,
p = 0.0001). However, since Cramer’s V value
can range from 0 (no association) to 1 (complete
association), the value shows a small degree of
association. This might be caused by two reasons:
differences of botanical squares which are not re-
flected in the geobotanical division of Lithuania,

Table 2. General distribution of P. vulgare in the geobotanical divisions of Lithuania

The geobotanical division of Lithuania ac- | Number of | Number of botanical b Perc.en:age of
cording to Natkevicaité-Ivanauskiené et al. botanical | squares with presence o.t anica’ squares
(2005) squares of P. vulgare LU IS 0
P. vulgare, %
Provinces:
Eastern Europe 30 0 0.0
Central Europe 599 85 14.2
Subprovinces of Central Europe Provinces :
Baltic 543 73 13.4
Dainava-Polesye 56 12 214
Subsectors of Northeastern Sector of Baltic
Subprovinces:
Eastern 445 52 11.7
Western 98 21 21.4
Northeastern Zone Belts of Baltic Subprovince:
Northern 345 29 8.4
Southern 198 44 22.2
Western Subzone of Southern Belt of North- 56 16 28.6
eastern Zone of Baltic Subprovince )
Lithuania 629 85 13.5
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and incomplete records of P. vulgare localities in
all 629 botanical squares of Lithuania. For fur-
ther analysis a total of 32 botanical squares with
presence-absence data were selected (that is 5.1%
of all botanical squares in Lithuania). Botani-
cal squares concerning P. vulgare localities were
sampled and correspondence to the general dis-
tribution of this fern in Lithuania was estimated
according to the data in Fig. 3. A strong positive
association (Spearman’s r = 0.73, p = 0.047) was
found between patterns of P. vulgare distribution
in different geobotanical divisions obtained from
the data of two different sources: from all bo-
tanical squares and from botanical squares rep-
resenting protected areas only (Table 3). Taking
these results into consideration it might be as-
sumed that the pattern of P. vulgare distribution
in Lithuania slightly corresponds to certain geo-
botanical divisions. On the other hand, no statis-
tically significant associations (Cramer’s V test)
were found in all levels of geobotanical divisions
(provinces, subprovinces, sectors and zones)
using only the data from botanical squares repre-
senting protected areas of Lithuania. Presumably,
the number of the investigated botanical squares
concerning the presence-absence data of P. vul-
gare localities was insufficient to determine the
correspondence.

In future investigations and having more infor-
mation about P. vulgare localities there should be
made a more comprehensive analysis of P. vulgare
preferences to geobotanical divisions in Lithuania.

Habitats of P. vulgare in Lithuania

The distribution of P. vulgare at a major extent
depends on the diversity of suitable habitats and
specific substrates. According to Lithuanian flo-
rists (Table 1) the most common habitats of P. vul-
gare are pine forests and mixed forests. This fern
is frequently found in hill slopes of these habitats.
It also shows preference to forested riversides or
lakeshore slopes.

In all forests P. vulgare growth depends great-
ly on microclimatic conditions as the majority of
populations are found not only on hill slopes but
at the bases of trees or bushes, next to windfalls
or boulders. Analysis of herbarium material rat-
her than literature information showed a bigger
diversity of P. vulgare habitats (Fig. 5). Analysis of
P. vulgare habitats was based on 89 data labels of
herbarium specimens (that is 73.6% of all herba-
rium specimens). The rest of 32 herbarium labels
did not provide enough information for habitat
identification. Analysis of herbarium material in-
dicated that the majority of P. vulgare localities are
found in pine forests, specifically on hill slopes.

Table 3. Distribution of P. vulgare in the geobotanical divisions of Lithuania, based on data from botanical squares

representing only protected areas of Lithuania

The geobotanical division of Lith-
uania according to Natkevicaité-
Ivanauskiené et al. (2005)

Number of botanical
squares from pro-
tected areas

Number of botanical
squares with presence
of P. vulgare from
protected areas

Percentage of
botanical squares
with P. vulgare from
protected areas, %

Provinces:
Eastern Europe 0 0 0
Central Europe 32 13 40.6
Subprovinces of Central Europe
Provinces:
Baltic 28 11 39.3
Dainava-Polesye 4 2 50.0
Subsectors of Northeastern Sector
of Baltic Subprovinces:
Eastern 21 8 38.1
Western 7 3 42.9
Northeastern Zone Belts of Baltic
Subprovince:
Northern 20 9 45.0
Southern 8 4 50.0
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Fig. 5. The prevalence of P. vulgare in different habitats
of Lithuania (based on 73.6% from herbaria data)

However, it is common for P. vulgare to grow in
deciduous forests, such as oak, lime, hornbeam
and black alder forests. Occasionally, P. vulgare is
recorded on hilly slopes of spruce forests. Analysis
of P. vulgare habitats also showed that this fern was
rarely found on the slopes of mixed or deciduous
forests. Yet this assumption requires verification as
herbarium labels provide very superficial informa-
tion for P. vulgare habitat characterization.

In Lithuania P. vulgare is usually an epigeic
fern. This life-form is exclusive to Lithuania as in
the uplands, where the main part of the fern range
is, P. vulgare almost always grows as an epiphyte
on tree trunks and branches or as an epilithe on
rocks (Johnson, 1921; Derzhavina, Shorina, 1992).
From all 121 P. vulgare herbarium specimens only
13 (that is 10.7% of all herbarium specimens) were
used for substrate analysis (Fig. 6). Substrate ana-

8%
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FEH] Brick fence

Tree trunk

E=] Fallen tree roots

Fig. 6. The prevalence of P. vulgare in different not epi-
geic substrates of Lithuania (based on 10.7% from her-
baria data)

lysis showed that in Lithuanian climatic conditions
P vulgare very rarely (1 herbarium specimen)
grows as a facultative epiphyte on Quercus robur
trunks. The fern also grows as an epiphyte on tree
fall roots (1 herbarium specimen). More frequent-
ly (12 herbarium specimens) in Lithuanian condi-
tions P. vulgare grows as a facultative epilithe on
mossy and soil covered stones. In Lithuania P. vul-
gare is also present on man-made substrates such
as old stone walls in cemeteries (Fig. 6).

CONCLUSIONS

1. An analysis of herbarium material and survey
information of protected areas showed that during
the last 50 years the localities of P. vulgare, a rare
or fairly rare evergreen fern in Lithuania, have in-
creased significantly (approximately as much as
5.7 times). At the current time P. vulgare generally
covers 13.5% of botanical squares in Lithuania.

2. P. vulgare growth in botanical squares con-
cerning different geobotanical divisions of Lithu-
ania varies from 0.0 to 28.6%. In Lithuania P. vul-
gare localities faintly correspond to the following
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geobotanical divisions: Southern Belt of Northe-
astern Zone of Baltic Subprovince plus Dainava-
Polesye Subprovince of Central Europe Province
(Cramer’s V = 0.205, p = 0.0001).

3. The majority of localities of this oceanic-su-
boceanic species, P. vulgare, are recorded in wes-
tern, south-western and southern Lithuania.

4. In Lithuania P. vulgare is found in various
habitats, usually on hilly slopes of dry light pine
forests (44%). In all the habitats P. vulgare grows
exclusively as an epigeic fern (89.3%). This life-
form is not common in the main part of P. vulgare
range as in uplands the fern is usually present as
an epiphyte on tree trunks and branches or as an
epilithe on rocks.
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Ingrida Rudnickaité, Jonas Remigijus Naujalis, Sigi-
tas Juzénas

POLYPODIUM VULGARE L. PAPLITIMAS IR
AUGAVIETES LIETUVOJE

Santrauka
Lietuvos herbariumuose (W1, BILAS, HSUD, HUS, KA
ir Lietuvos edukologijos universiteto) esanc¢iy P vul-
gare pavyzdziy analizé ir eksperty specialiy apklausy
metu gauti saugomy teritorijy duomenys rodo, kad
per pastaruosius 50 mety Lietuvoje reto arba apyrecio
viszalio paparcio Polypodium vulgare radavieciy skaicius
zenkliai padidéjo. Remiantis i§ visy Lietuvos herbariumy
ir saugomuy teritorijy eksperty surinkta informacija, buvo
sudarytas naujausias P. vulgare paplitimo musy Salyje
Zemeélapis. Bendrasis $io paparcio radaviediy uzimtumas
Lietuvos botaniniuose kvadratuose dabar siekia 13,5 %.
Jvairiuose Lietuvos geobotaniniuose padaliniuose
P, vulgare botaniniy kvadraty uzimtumas varijuoja nuo
0,0 iki 26,8%. Toks P. vulgare radavieciy pasiskirsty-
mas gali atspindéti batinas $iam paparciui ekologines
salygas, taciau gali bati nulemtas ir nevienodo misy
$alies floristinio iStyrimo atskiruose geobotaniniuose
rajonuose. Daugiausia $ios galimai ekologijos, botani-
niu-geografiniu atzvilgiu kritinés rasies radavieciy tel-
kiasi Vidurio Europos Baltijos provincijos Siaurryciy
sektoriaus pietinéje juostoje ir Dainavos-Polesés provin-
cijoje (Cramer V = 0,205, p = 0,0001). I$aiskinta stipri
teigiama koreliacija (Spearman r = 0,73, p = 0,047) tarp
P. vulgare paplitimo visuose botaniniuose kvadratuose
ir kvadratuose su isskirtiniu $io paparcio radavieciy
iStyrimu (rezervatuose, nacionaliniuose ir regioniniuose
parkuose). Galime teigti, jog P. vulgare paplitimas Lietu-
voje nors ir silpnai, ta¢iau visgi siejasi su $io paparcio
prieraiSumu tam tikriems geobotaniniams padaliniams.
P vulgare Lietuvoje tarpsta jvairiose augavietése,
ta¢iau daZniausiai pasitaiko sausy, S$viesiy pusyny
Slaituose. Misy Salyje P. vulgare visose augavietése su
retomis i$imtimis auga kaip epigéjinis papartis. Tokiu
savo gyvenimo budu musy $alyje P vulgare labai ski-
riasi nuo $io paparcio elgsenos pagrindinéje savo are-
alo dalyje, kur kalnuotose vietovése $is augalas beveik
visada tarpstakaip epifitas ant medziy kamieny ir $aky
arba kaip epilitas ant jvairaus statumo uoly (John-
son, 1921; Derzhavina, Shorina, 1986). I§ 121 istirto

herbariuminio pavyzdzio tik viename uzfiksuotas ant
Quercus robur kamieno auges P. vulgare. Epifitinis Sio
paparcio augimas pasireiskia ir jo tarpsmu ant i$virtusiy
medziy Sakny. Pastaraisiais metais vis daugiau naujy $io
paparcio populiacijy atsiranda ant dirbtiniy substraty,
ypac seny akmeniniy tvory ar mariniy sieny.

Raktazodziai: Polypodium vulgare, papartis, papliti-
mas, augavietes, Lietuva



