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Summary

Vukonci€ S., DjorpIevIE V., KaBas E., Stankovi¢ V., Durovié S. & StevanoviéV. 2023. New chorological data on some rare
and threatened ferns in Serbia. — Phyton (Horn, Austria) 62-63: 115-126, with 5 figures.

Ferns are a plant group that has been neglected in terms of research on their distribution, ecology and conservation
in Serbia. This study reports the first findings of Athyrium distentifolium (Athyriaceae) in Serbia and presents the distri-
bution of three other ferns of the Serbian flora (Thelypteris limbosperma, Thelypteris palustris and Phegopteris connec-
tilis) from the family Thelypteridaceae. The distribution data were obtained on the basis of field investigations, checking
and revision of herbarium material and published sources. The distribution maps of these taxa in Serbia were created on
a 10x10 km UTM grid system. Data on their habitat and ecological preferences, conservation status and threat factors

within the study area are provided.

1. Introduction

Ferns are a group of vascular plants that are in-
sufficiently chorologically studied in the Balkan
Peninsula, including Serbia. Most data on the dis-
tribution of ferns in Serbia are sparse and impre-
cise. According to the Checklist of the Vascular Flo-
ra of Serbia 1, there are 13 families with 65 taxa of
the class Polypodiopsida in Serbia (NIkeTIC & To-
movi¢ 2018), of which 16 taxa are strictly protected
and five are protected according to the national law
(Sr. gLasNik RS 2010-2016). However, two strictly
protected species (Dryopteris cristata (L.) A. Gray
and Pilularia globulifera L.) are considered extinct
in Serbia (NIKeTI¢ & Tomovi¢ 2018).

Based on field research and revision of material
from the Herbarium of the Institute of Botany and
Botanical Garden ‘Jevremovac’ of the University of
Belgrade (BEOU), two species of the genus Athyri-
um (Athyriaceae ArsToN) were found to occur in
Serbia: A. filix-femina (L.) RotH and A. distentifoli-
um Opr1z. Both the previous and the new records of
A. filix-femina are numerous. The findings of A. dis-
tentifolium represent the first records of this species

in Serbia. The new findings of A. distentifolium
were confirmed from the herbarium material, which
was determined ad hoc in the field as A. filix-femi-
na.

A large family of ferns, the Thelypteridaceae
Pic. SerM., which includes almost 1000 species
(Smrta 1990), is represented in the flora of Serbia by
only three taxa: Thelypteris limbosperma (ALr.) H.
P. Fucss, Thelypteris palustris ScuorT and Phegopt-
eris connectilis (Micax.) Wart (NIReTi¢ & Towmovié
2018). These species are protected by national legis-
lation (SL. grasNnik RS 2010-2016) and are also on
the European Red List (BiLz & al. 2011).

Although not enough attention has been paid to
ferns, several important findings on fern species in
Serbia have been reported recently, contributing to
a better knowledge and understanding of the distri-
bution and ecology of ferns in this country (Peri¢ &
Pangkovié 2015, RanpeErLovié & al. 2021, SABOVLIEVIC
& al. 2021, Novovi¢ & al. 2022).

The aims of this study were: (a) to report the
first findings of Athyrium distentifolium in Serbia,
(b) to present new and unpublished distribution
data of the three species of the family Thelypteri-
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daceae — Thelypteris limbosperma, T. palustris and
Phegopteris connectilis, (c) to determine the habitat
and ecological preferences of the studied species,
and (d) to determine the conservation status and
threat factors of these species in Serbia.

2. Materials and methods

During floristic surveys of some fern species on
the territory of Serbia in the period from 2020 to
2022, data were collected on their distribution, hab-
itat preferences and threat factors. In addition to
the field surveys, numerous specimens from the
Herbarium of the Institute of Botany and Botanical
Garden ‘Jevremovac’ of the University of Belgrade
(BEOU) (acronym according to THiErs 2023) as well
as literature data on selected taxa were evaluated.
The identification of species was done according to
TuTiN & al. (1993), JErmy (1993) and McHAFFIE (2005),
while the nomenclature follows the Euro+Med da-
tabase (Euro+MEeD 2006). All plant material collect-
ed for this article is deposited in BEOU. The mor-
phological description of Athyrium distentifolium
is based on herbarium specimens, with some quali-
tative and quantitative characters added according
to JERMY (1993) and McHaFFIE (2005).

During field surveys, geographic coordinates
(latitude and longitude) and altitude were deter-
mined using a Garmin eTrex 30 hand-held GPS de-
vice in the World Geodetic System 84 (WGS 84) for-
mat. In addition, published chorological data and
data from herbarium collections were georefer-
enced using OziExplorer 3.95.4s software in the
WGS 84 format. The overall distribution of each
studied plant species in Serbia, based on a compila-
tion of new records, revised and unpublished her-
barium data, and on available corresponding floris-
tic literature, is presented on grid maps with
10x10 km squares based on the Military Grid Refer-
ence System and the Universal Transverse Mercator
(UTM) projection (LampiNEN 2001), grid zone 34T.
The bedrock types were determined using the geo-
logical maps of the study area on a scale of 1:100,000.
The chorological types (floristic elements) were de-
termined according to the principles defined by
MEeuseL & al. (1965, 1978), MEUSEL & JAGER (1992)
and STtevaNovi¢ (1992).

3. Results and discussion

3.1. Athyrium distentifolium Oriz — Alpine
Lady-fern (Fig. 1)

Synonyms: Aspidium alpestre Horp, Athyri-
um alpestre (Hoppe) T. Moore [non Crairv. 1811],
Athyrium flexile (NEwMAN) DRrUCE, Pseudathyrium
flexile NEwmaN, Polypodium rhaeticum auct.

Morphology: Perennial, suberect herb with a
short rhizome. The fronds are bi-pinnate, ovate-lan-
ceolate, suberect or spreading, yellow-green, 20—
150 cm long. The petiole is pale yellow-green to
purple-red, one fifth to one quarter of the length of
the blade, usually broad, with pale brown scales.
The lamina is lanceolate, thin, flaccid and light
green. The pinnae are widely spaced near the base
of the frond and sometimes deflexed, crowded near
the tip, and meet the rachis at a 90° angle in the
middle of the blade or are slightly ascending. The
longest pinnae are up to 25 cm long, decreasing to-
wards the leaf base, linear-lanceolate, tapering at
the tip. The pinnules are oblong or oblong-lanceo-
late, broadest at the base, tapering to a point; the
segments of pinnules are usually blunt and often
tridentate at the tip. The sori are orbicular, less than
1 mm in diameter, near the leaf margin, with irregu-
lar filaments concentrated in the upper part of the
frond and becoming sparse toward the base. The in-
dusium is rudimentary or caducous at a very early
stage, while the spores are reticulate with narrow
wings. The plants are often infertile.

The main differences of A. distentifolium com-
pared to A. filix-femina are the orbicular sorus, the
reduced and caducous indusium and the winged
spores (JErmy 1993). In A. filix-femina the sorus is
oblong, the indusium is persistent and the spores
are not winged.

General distribution: In a broad sense,
Athyrium distentifolium (incl. A. americanum (But-
TERS) Maxon) is characterized by a wide disjunct
range in the Holarctic. Athyrium distentifolium s.1.
has been found from North America across South
Greenland, Iceland, Europe, Siberia, Japan and as
far as Kamchatka. In Europe, it occurs in Iceland,
the Faroe Islands, the Highlands of Scotland, the
Scandinavian mountains, Lapland, and the moun-
tains of Central and Southern Europe, with exten-
sion to northeastern Anatolia and Caucasus (Banas
& al. 2010, CuristENHUSZ & al. 2017a). It also occurs
in the Urals, central Siberia and Dahuria, and along
the Pacific part of Asia from Kamchatka to south-
ern Sakhalin and Japan (Opranp 1991, Page 1997,
McHarrie 2005). In the Balkans, this plant has been
found in Bulgaria, North Macedonia, Montenegro,
Bosnia and Herzegovina and Croatia (CHRISTENHUSZ
& RaaB-STRAUBE 2013+) and represents a glacial rel-
ict species in these areas. Athyrium distentifolium
s.str. belongs to the Boreoatlantic-Eurosiberian Bo-
real (W-C) - Central European mountainous -
Southwest Asian mountainous floristic element.

Distribution in Serbia (Fig.2A): Although
A. distentifolium occurs on the Balkan Peninsula,
there has been no information about its occurrence
in the flora of Serbia until now.
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Fig. 1. Athyrium distentifolium Opiz: (A) Herbarium sheet. — (B) Detail of the plant with sori (all from Mts Sar planina).

New and unpublished records (Fig. 2A):
E Serbia: Mt Stara planina, Tri Kladenca, UTM
FP30, by the stream in the ravine (leg./det. RasEvski,
L., sub Athyrium filix-femina, 12 Aug 1946, rev.
Vukon¢ié, S., BEOU s.n.); Metohija: Mts Sar plani-
na, Orman peak, Gornji Orman, UTM EMO07 (leg.
Rupski, 1., sub Nephrodium filix-mas, 16 July 1930,
rev. VUurosGié, S., BEOU s.n.); Mts Sar planina, Piri-
breg — above Durlov stream, UTM EMO06, rocks and
heaths, N-NW-NE exp., siliceous bedrock, 1700 m
(leg. SteEvaNOVIC, V., sub Athyrium filix-femina, 27
Aug 1992, rev.Vukoncié, S., BEOU 1235/92); Mts Sar
planina, Prevalac-Lovacka house, Jazinacko lake,
UTM DM96 (leg. StEVANOVIE, V., LAKUSIC, D., NIKETIC,
M., sub Athyrium filix-femina, 29 Sep 1991, rev.
Vukoicié, S., BEOU 2375) (Fig. 2A).

The findings of A. distentifolium at Mt Stara
planina and Mts Sar planina are the first records of
this species on the territory of Serbia. In total, this
species was found in four 10x10 km UTM squares in
Serbia (Fig. 2A). The locality on Mt Stara planina
(Tri kladenca) represents the northeasternmost,
whereas the localities on Mts Sar planina (Piribreg

and Prevalac-Lovacka house) are the southernmost
limits of the species’ distribution in Serbia.

Habitat and ecology: From the information
on the herbarium labels and the personal communi-
cations of the collectors, it can be concluded that
this species grows in the mountainous and high-
mountainous regions of Eastern Serbia and Meto-
hija at altitudes between 1700 m and 2000 m a.s.l.
On Mts Sar planina this plant inhabits the vegeta-
tion of siliceous rocks (V. Stevanovié, pers. obs.),
while on Mt Stara planina it occurs in wet habitats
near streams. These habitats represent refugia for
the survival of this arctic-alpine relict species in
Serbia.

Athyrium distentifolium is a chionophilous
fern that occurs in montane, subalpine, and alpine
areas of the Northern Hemisphere from 455 m to
2800 m a.s.l., inhabiting mainly moist gullies, damp
pockets on scree slopes and hollows on acidic rocks
where a long-lasting winter snow cover is present
(OpranDp 1991, RorHERO 1994, McHAFFIE 1999, 2005).
Within its range, this species has been found on si-
liceous bedrock types such as granite, but also on
carbonate rocks, including limestone, on soils with
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FIE 2005). From previous studies,
this species is known to be most
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addition, A. distentifolium has

been found to grow in communi-

ties associated with poor soils

and low soil fertility, such as the

Cryptogramma crispa — Athyrium

distentifolium snowbed vegeta-

tion, whereas some populations
of this species have been found in

the Polytrichum sexangulare -
Kiaeria starkei snowbed commu-

nity (RopwerLL 1992, McHAFFIE

2005). In glacial cirques it can

form the association Adenostylo
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(FupaLr 2010). Similar tall-herb

communities are formed by this

species throughout its range (e.g.,
DierssEN 1996, Ermarov & al.

2000, Karner & Mucmva 1993,

Ko¢f 2001, KRAICIOVA-SIBIKOVA &

al. 2005). Recently, species ex-

tinctions have been observed in

these communities (Dunasskr &

i
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tifolium should be classified as a
strictly protected species in Ser-
bia, as there are only a few locali-
ties and the population size is
small. In the TUCN Red List, A.
distentifolium is listed as Least Concern (LC)
(CurisTENHUSZ & al. 2017a). The same category (LC)
is found in the European Red List of Lycopods and
Ferns, where it is listed under the synonym A. alpes-
tre (Garcia Criapo & al. 2017).

No significant threat factors to this species
were identified at the sites in Serbia. Although the
effects of climate change on A. distentifolium have
not yet been studied, it is suspected that the species
may change its range in the future, as it requires a
cold climate and snow cover. However, McHAFFIE
(2005) emphasized that grazing has a significant
impact on the production of new fronds of this spe-

Fig. 2. Distribution of the four studied fern species in Serbia (white dot: new and
unpublished data; black dot: published data): (A) Athyrium distentifolium Opiz.
— (B) Thelypteris limbosperma (ArrL.) H. P. Fucus. — (C) Thelypteris palustris
ScHortT. — (D) Phegopteris connectilis (MicHX.) WATT.

cies in its range, and that acidification may lead to
its slower growth.

3.2. Thelypteris limbosperma (ArL.) H. P. FucHs —
Lemon-scented Fern (Fig. 3)

Synonyms: Lastrea limbosperma (ArL.) HoL-
UB & Pouzar, Oreopteris limbosperma (ALL.) HoLUB,
Polypodium limbospermum ALL.

General distribution: Thelypteris limbo-
sperma is a boreal-montane relict distributed in
Eurasia and the northern and western parts of
North America (Vuki¢evié 1992, CaristENHUSZ & al.
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2017b). However, according to POWO
(2023a), the species has a disjunct
temperate Eurasian range, occurring
mainly in humid Atlantic regions and
on mountain slopes in western and
southern Europe, extending east-
wards across northeastern Anatolia,
the Caucasus and the northern Irani-
an mountains through central and
southern Siberia to Altay. A disjunct
part of its range is in Korea and Ja-
pan. It belongs to the Western to Cen-
tral Eurasian floristic element and to
the disjunct part of East Asia (Korea
and Japan). In the Balkans, it grows
in Slovenia, Croatia, Bosnia and Her-
zegovina and Serbia (NIKeTi¢ 1999,
CHRISTENHUSZ & al. 2017b).

Distribution in Serbia (Fig.
2B): The species was found in the fol-
lowing localities: Katiéi near Ivanjica
(UTM DP22) in Western Serbia
(Panci¢ 1874, Vuki¢evié 1992); Lelié
and Leskovice — UTM DP09 and Bu-
kovi — DP18 in Northwestern Serbia
(Maisstorovi¢ 1929, NIkeTI¢ 1999). In
the Red Book of the Flora of Serbia, it
is listed as a taxon that was assumed
to have disappeared in Serbia (NIKET-
1¢ 1999). However, PErI¢ & PanNskovi¢
(2015) recently recorded this species
on Javor Mountain, near the village of
Kladnica — UTM DP20. According to
the earlier publications cited here, T.
limbosperma has been found in Ser-
bia in four 10x10 km UTM squares so
far.

New and unpublished re-
cords (Fig. 2B): W Serbia: Mt Golija,
Rivotine, N 43.423809°, E 20.269862°,
UTM DP40, 1540 m, phyllite-mi-
caschist, spruce forest (leg./det.
Vuxkonci¢, S., Lazagrevié, P, 20 Oct 2022, BEOU
68563); Mt Golija, Lupoglav (Kosovica), N
43.487438°, E 20.188359°, UTM DP31, 1065 m,
sericitic schists, edge of the beech forest by the road
(leg./det. Vukoscié, S., Lazarevié, P, 19 Oct 2022,
BEOQOU 68596); Mt Golija, Bratljevo, N 43.467628°, E
20.187435°, UTM DP31, 1085 m, sericitic schists,
edge of the beech forest by the road (leg./det.
Vuxkoisicié, S., Lazagrevié, P, 19 Oct 2022, BEOU
68597); Mt Tara, Manita ravan, N 43.9117034°, E
19.4098891°, UTM CP76, 1140 m, limestone, ass.
Piceo-Abieto-Fagetum s.l. (leg./det. Vukoscié, S.,
Durovié, S., Tomovié, G., 16 June 2022, BEOU
BBD_124); Mt Tara, Mitrovac (Dec¢je oporaviliste), N
43.9185829°, E 19.4202454°, UTM CP76, 1078 m,

Fig. 3. Thelypteris limbosperma (ALL.) H. P. Fucss: (A) Habitus, Mt Crvena
Gora. — (B) Detail of the plant, Mt Jelova Gora (photos S.VUkoJiCic).

proluvial deposits, tall herb vegetation with Chaero-
phyllum hirsutum (leg./det. Vukoscié, S., Durovid,
S., Tomovié, G., 16 June 2022, BEOU BBD_146); Mt
Tara, Karajiéa bara, UTM CP76, 1270 m, diabase-
chert formation, tall herb vegetation with Chaero-
phyllum hirsutum (leg./det. Vuroscié, S., Durovic,
S., Tomovié, G., 17 June 2022, BEOU BBD_613); Mt
Jelova Gora, Bukovac (above Jovanova voda), N
43.924734°,E 19.797015°, UTM DP06, 935 m, phyl-
lites, beech forest (leg./det. Vukosci¢, S., Oct 2020,
BEOU 80054); Mt Jelova Gora, Bujadnjaca (along
forest road from the ramp to Jovanova voda), N
43.945527°, F 19.786925°, UTM DP06, 948 m, meta-
morphosed quartz conglomerates and breccias,
beech forest (leg./det. Vukoncié, S., 11 Nov 2021,
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BEOU 80165); Mt Jelova Gora, Okolista (road to
Kondera), N 43.936443°, E 19.773858°, UTM DPO06,
930 m, sericitic quartzites, ass. Piceo-Abieto-Fage-
tum s.1. (leg./det. Vurosicié, S., 10 Oct 2020, BEOU
80030); Mt Jelova Gora, LaniSta (Zaglavak), N
43.921747°, E 19.761178°, UTM DP06, 790 m,
sericitic quartzites, beech forest (leg./det. Vukoscic,
S., 31 Oct 2020, BEOU 80075); Mt Jelova Gora,
Bujadnjaca (above Tatalija river), N 43.946212°, E
19.777655°, UTM DP06, 993 m, phyllites, ass. Piceo-
Abieto-Fagetum s.1. (leg./det. Vukos¢ié, S., 10 Aug
2021, BEOU 80113); Mt Jelova Gora, Okolista —
Lijeska, between the first and second bog, N
43.935109°, E 19.778722°, UTM DP06, 945 m, meta-
morphosed quartz conglomerates and breccias,
edge of the fen community (leg./det. Vukoscié, S., 07
Aug 2021, BEOU 80121); Mt Jelova Gora, Okolista
— Lijeska, bog under the road, N 43.934956°, E
19.779209°, UTM DPO06, 950 m, sericitic quartzites,
edge of the fen community (leg./det.Vukoscié, S., 11
July 2021, BEOU 80128); Mt Jelova Gora, Okolista,
N 43.936709°, E 19.772164°, UTM DPO06, 943 m,
sericitic quartzites, edge of the fen community (leg./
det. Vukosici¢, S., 10 July 2021, BEOU 80141); Mt
Jelova Gora, Rasadnik, N 43.924619°, E 19.795215°,
UTM DPO06, 952 m, metamorphosed quartz con-
glomerates and breccias, ass. Piceo-Abieto-Fage-
tum s.l. (leg./det. Vukosicié, M. & S., 11 July 2021,
BEOU 80155); Mt Mucanj, next to the forest road
that leads to the top, N 43.550922° E 20.0301°, UTM
DP22, 1280 m, limestone, ass. Piceo-Fagetum s.l.
(leg./det. Vukosici¢, M. & S., 13 Aug 2021, BEOU
80116); Mt Crvena Gora, KaluSeviéi — Jasikovica
(Javorak spring), N 43.544359°, E 20.172304°, UTM
DP32, 840 m, phyllites, edge of the beech forest
(leg./det. Vukoricié, S., 21 July 2021, BEOU 80145);
Mt Crvena Gora, Tolska kosa (Ridovi), N 43.542166°,
E 20.155706° UTM DP32, 1020 m, metamorphosed
quartz conglomerates, degraded beech forest (leg./
det. Vuroni¢ié, S., 21 July 2021, BEOU 80146); Ivan-
jica, Glijeca (Zelenika), N 43.581688°,E 20.171451°,
UTM DP32, 913 m, sericitic schists, beech forest on
the roadside (leg./det. Vukosici¢, S., 09 July 2022,
BEOU 68598); Kotraza — Ivanjica, Jasikovac, UTM
DP33, beech forest (leg./det. ?, 08 Aug 1979, sub
Thelypteris phegopteris, rev. Vukosci¢, S., BEOU
11977); SE Serbia: Mt OsStrozub, Bistrica, UTM
FN04, bogs (leg. ?, 11-27 July 1959, sub Dryopteris,
det. Vukosicié, S., BEOU s.n.); Vlasina, UTM FNO02,
FN12, bogs (leg. ?, 11 July 1950, sub Phegopteris,
det.Vukoscié, S., BEOU s.n.) (Fig. 2B).

In total, T. limbosperma has been recorded in
nine new 10x10 km UTM squares in Serbia (Fig. 2B).
The findings of T. limbosperma at the localities on
Mt Ostrozub and in Vlasina are the first records of
this species in the region of Southeastern Serbia.
The locality on Mt Tara (Mitrovac) is the western-

most, while the locality at Vlasina represents the
southeasternmost limit of the species’ distribution
in Serbia.

Habitat and ecology: According to our
field observations, the newly recorded localities of
T. limbosperma in Serbia are situated at altitudes
above 750 m a.s.l. The most frequent habitats of this
species on Mts Golija, Jelova Gora, Mucanj, Crvena
Gora, Tara and in the locality of Glijeca near Ivan-
jica are along forest paths and forest edges, near
streams, mainly in the zone of beech forests and
mixed beech-spruce, beech-fir and beech-fir-spruce
forests, and rarely in pure spruce forests. The fol-
lowing accompanying taxa were frequently found
at the new sites with T. limbosperma in Serbia: Ru-
bus caesius L., Fagus sylvatica L., Abies alba MiLL.,
Picea abies (L.) H. Karsrt., Frangula alnus MiLL.,
Mycelis muralis (L..) Dumort., Dryopteris filix-mas
(L.) Scuott, Gentiana asclepiadea L., Fragaria ves-
ca L., Huperzia selago (L.) ScHRANK & MArT., Vac-
cinium myrtillus L., Blechnum spicant (L.) RorH,
Sorbus aucuparia L., Pteridium aquilinum (L.)
Kunn, Galeopsis speciosa MiLL. and Prenanthes
purpurea L. A special feature is that a very similar
fern species — Athyrium filix-femina — is present at
almost all newly discovered sites. On Mt Mucanj,
the lemon-scented fern was found in the ecotone
zone between the beech-spruce forest and the com-
munity of Epilobietum angustifoliae s.l., with the
following accompanying taxa: Epilobium angusti-
folium L., Rubus caesius, Tussilago farfara L., Salix
caprea L., Fragaria vesca L., Dactylorhiza saccifera
(BrongN.) So6 and Fagus sylvatica. Among the hab-
itats, the fen habitat dominated by sphagnum moss-
es (Sphagnum spp.) on Mt Jelova Gora stands out.
Besides the sphagnum mosses, Lysimachia nemo-
rum L., Vaccinium myrtillus, Blechnum spicant and
Potentilla erecta (L.) RAuscH. are also strongly rep-
resented in this habitat. On Mt Tara, this fern spe-
cies was found in the tall herb community (Chaero-
phylletum hirsutae s.1.) and in the ecotone zone be-
tween this tall herb habitat and the forest habitat,
where the following associated taxa were also pre-
sent: Fagus sylvatica, Abies alba, Picea abies.

Thelypteris limbosperma was found on various
bedrock types at new localities in Serbia: on phyl-
lites, sericitic quartzites, sericitic schists, as well as
on metamorphosed quartz conglomerates and brec-
cias (Mts Jelova Gora, Golija, Crvena Gora and
Glijeca); on Quaternary sediments, more precisely
on proluvial deposits (Mt Tara: Mitrovac); on ophi-
olitic mélanges, i.e. diabase-chert formation (Mt
Tara: Karajiéa bara), while it was also found on
limestones (Mt Mucanj; Mt Tara: Manita ravan). The
results show that the species mainly prefers differ-
ent siliceous soils, but also grows on carbonate soils,
which indicates a great ecological plasticity of the
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species. At all newly recorded sites in Serbia, popu-
lations are well preserved and numerous.

The habitat preferences of T. limbosperma in
Serbia generally correspond to its habitat require-
ments in other parts of its range. It is known that
this fern species is distributed from montane to
subalpine regions of the Northern Hemisphere
(Horrrum 1981). According to previous studies, the
species is widespread on damp mountain slopes, in
mesophilous coniferous and deciduous forests near
forest paths, clearings, along streams and rivers, on
scree slopes, in open places, in marshes and heaths,
with an altitudinal range between 0 and 2000 m
a.s.l. (Vuri¢evié 1992, NikeTIC 1999, CHRISTENHUSZ &
al. 2017b).

Conservation status and threats: Based
on a three-year study of the flora in Western Serbia,
we concluded that T. limbosperma is more wide-
spread in Serbia than previously known. The find-
ings in the BEOU herbarium collection from locali-
ties in Southeastern Serbia need to be confirmed by
further fieldwork, as they are more than half a cen-
tury old. Ignorance of the fern and its similarity to
Athyrium filix-femina and Dryopteris filix-mas or
some other Dryopteris species are certainly the rea-
sons for assuming that this species is rare in Serbia.
Considering the large number of findings, the large
overall population size and the good preservation of
its habitats, T. limbosperma should be protected
with a lower level of protection in Serbia, taking

o | | & |

Fig. 4. Thelypteris palustris Scuort (Kraljevo, Bogutovacka spa, Lopatnica gorge;
photo S.Vukoscic). The group of young fronds is marked in the center. Associated spe-
cies in this locality are Filipendula ulmaria, Carex paniculata, Lythrum salicaria,

Eriophorum latifolium, etc.

into account that it is currently classified as a strict-
ly protected species at national level (Si. cLAsNIK
RS 2010-2016). The lemon-scented fern is classified
as Least Concern (LC) in the TUCN Red List of
Threatened Species (CHRISTENHUSZ & al. 2017b) and
in the European Red List of Lycopods and Ferns
(Garcia Criapo & al. 2017).

In Serbia, the following factors can be cited as
threats: deforestation, tourism, changes in the hy-
drological regime of habitats, especially the capture
of springs in the immediate vicinity of forest habi-
tats, as well as the widening of paved roads, the clo-
sure of the forest complex due to the overgrowth of
woody species, the construction of infrastructure
and urbanisation in tourist areas. Although indi-
viduals of this species were found on Mt. Jelova
Gora on the edges of Douglas fir plantations, their
negative effects were not observed. On the same
mountain, some specimens of the allochthonous
species Erigeron annuus (L.) DESF. were observed at
the sites of the studied ferns, but without any
threatening effect being detected. According to
CaristenaUSZ & al. (2017b), there are no current
threats to this species on a global scale.

3.3. Thelypteris palustris SCHOTT —
Marsh Fern (Fig. 4)

Synonyms: Acrostichum thelypteris L., As-
pidium thelypteris (L.) Sw., Dryopteris thelypteris
(L.) A. Gray, Lastrea thelyp-
teris (L.) C. PresL, Nephro-
dium thelypteris (L.) STREM-
PEL, Polystichum thelypteris
(L.) Rotr

General distribu-
tion: The species has a cir-
cum-Holarctic distribution:
North America, FEurope,
North Africa, Central and
East Asia (Kavak 2014). It
belongs to the amphiatlan-
tic disjunct East North
American-West to East Eur-
asian / boreal meridional
floristic element. On the
Balkan Peninsula, it is a bo-
real relict species (TrvoN &
al. 1980, Vukic¢evi¢ 1992).

Distribution in
Serbia (Fig. 2C): This spe-
cies is mainly distributed in
the lowlands of Vojvodina
province (northern Serbia),
but also in some localities in
the hilly and mountainous
regions of Northeastern,
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Eastern and Central Serbia (Vuxkicevié 1992). Ac-
cording to Vuricevi¢ (1992), the species has been re-
corded at the following localities: Obedska bara
near Kupinovo — UTM DQ25; Deliblato (Konstati-
nova bara, Vrelo) — UTM EQO06; Kovin (Crna Bara)
- UTM DQ95, Novi Sad (Ratno ostrvo) - UTM DR11,;
Srbobran — UTM DRO04; Baé¢ (Mostonga) — UTM
CR62; Kaé-Novi Sad - UTM DR11; Negotinski rit —
UTM FP29; Veliki Strbac (Pecka bara) - UTM FQ03;
Majdanpek (Debeli lug) - UTM EQT71; Blacko jezero
lake - UTM EN29 and Semetesko jezero lake - UTM
DNT79. However, Stossi¢ & Panskovié (2005) stated
that the species does not occur at these sites: Delib-
lato (Konstantinova bara, Vrelo), Novi Sad sur-
roundings (Kaé, Ribarsko ostrvo), Ba¢ (Mostonga),
Vrsacki rit, Blace lake, Debeli lug near Majdanpek,
Negotinski rit and Veliki Strbac. During the surveys
in the period 2005-2008, the plant was found in new
localities: Jegricka — UTM DR32, Stari Begej — Car-
ska Bara — UTM DR51, Backi Monostor — UTM
CR37,CR4"7, Kraljevac - UTM EQO06 (SToss1¢ & PaN-
Jrovi¢ 2005); Zasavica (Vrbovac) — UTM CQT77,
CQA87; Zasavica (Skelice) — UTM CQ87, Zasavica
(Preseka) - UTM CQ87 (Stankovi¢ 2006); Krupacko
Blato - UTM FN37 (PeTrOVIC & al. 2007) and Beljan-
ska bara — UTM DR14 (DoBreti¢ & Stossi¢ 2008).
The last published record refers to Mt Jelica near
Cadak — UTM DP45 (Novovié & al. 2022). According
to the earlier publications cited here, T. palustris
has been found in twenty 10x10 km UTM squares in
Serbia.

New and wunpublished chorological
data in Serbia (Fig. 2C): Banat: Deliblatska
pescara sands, Grebenac, UTM EQ17 (leg. Soska,
Th., sub Nephrodium thelypteris, 18 June 1923,
BEOU s.n.); Deliblatska pesc¢ara sands, Majur bara,
UTM EQO06 (leg. Stevanovié, V., 16 Sep 1998, BEOU
13065); Sumadija: Lazarevac, Cibutkovica (Ograd-
jeno jezero lake), UTM DQ40 (leg./det. Lakusi¢, D.,
sub Dryopteris?, 26 June 1998, rev. VUxkosncié, S.,
BEOQOU 8465); C Serbia: Kraljevo, Bogutovacka spa
(the entrance of Lopatnica gorge), N 43.681519°, E
20.473922°, UTM DP63, 348 m, Quaternary sedi-
ments, marsh community with Filipendula ulmaria,
Carex paniculata and Typha sp. (leg. STEvaNovIC, V.,
Niketi¢, M., Vuroscié, S., Tomovié, G., 03 May 2004,
BEOQOU 18874); S Serbia: Vranje, Mt Oblik, the lake
below the Oblik peak, UTM EN72 (leg. Pancié, J.,
sub Nephrodium phegopteris, 1831, BEOU 159); W
Serbia: Uzice, Kréagovo, UTM DP05 (leg. Soska,
Th., sub Nephrodium thelypteris, in paludosis ad
pagum Kréagovo, June 1912, BEOU s.n.) (Fig. 2C).

In total, T. palustris was recorded in five new
10x10 km UTM squares in Serbia (Fig. 2C). The
finding of this species at the locality of Lazarevac
(Cibutkovica) is the first record of this fern species
in the Sumadija region, while Vranje (Mt Oblik) is

the first known locality of this species in Southern
Serbia. In addition, the locality of Uzice (Kréagovo)
is the second known locality of the species in West-
ern Serbia, while Kraljevo (Bogutovacka spa) is the
third known locality in Central Serbia.

Habitat and ecology: At the locality of
Kraljevo (Bogutovacka spa), this species was found
in a marsh community dominated by Filipendula
ulmaria (L.) Maxm., Carex paniculata L. and Typha
sp. In addition, the following species were found at
this site with T. palustris: Equisetum palustre L.,
Eupatorium cannabinum L., Galium cruciata (L.)
Scop., Vicia incana Gouan, Veronica beccabunga L.
and Mentha spp. Furthermore, the marsh fern was
found at the same locality at the edge of the fen
community (Eriophoretum latifoliae s.1.).

The ecological preferences of this species are
consistent with those reported for other parts of its
range and are based on previously published data
from Serbia. Thus, this species is known to occur in
wetlands, damp ditches, on the banks of ponds, on
alluvial deposits along riverbanks and lake coasts
and in swamp forests (Vukicevié¢ 1992, Tzonev & al.
2023). It occurs at altitudes between 10 m and
1400 m a.s.l. (Kavak 2014). In Bulgaria, this species
occurs in the community Thelypterido palustris-
Phragmitetum australis (Tzonev & al. 2023). Pub-
lished data indicate that this species inhabits wet-
lands in riparian forests and marshes (the commu-
nities Alnetum glutinosae, Fraxino-Ulmetum ef-
fusae and Scirpo-Phragmitetum) in Serbia (Vuki-
Cevi¢ 1992). Thelypteris palustris is significant be-
cause of its relict character, and the plant commu-
nities it forms can be considered relict. In the com-
munity Thelyptero-Phragmito-Salicetum cinereae,
described in Serbia, the marsh fern is a sub-edifica-
tor and differential species growing in shallow wa-
ters and more open places (Jankovi¢ 1997).

Conservation status and threats: The-
lypteris palustris is currently classified as a strictly
protected species at the national level (Si. cLASNIK
RS 2010-2016). However, considering the distribu-
tion and population size of this species in Serbia,
we believe that the species needs to be protected
with a lower level of protection than the existing
one. This species is listed as Least Concern (LC) in
the JTUCN Red List of Threatened Species (Kavak
2014). It has the same status (LC) in the European
Red List of Lycopods and Ferns (Garcia Criapo & al.
2017).

The main factors threatening this species in
Serbia are changes in the hydrological regime of
habitats and habitat destruction. However, Kavak
(2014) found that this species is threatened through-
out its range by grazing, water pollution, agricul-
tural development in wetlands, drainage, dam con-
struction and afforestation.
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3.4. Phegopteris connectilis (Micux.) WATT —
Beech Fern (Fig. 5)

Synonym: Polypodium connectile MIicHX.,
Thelypteris phegopteris (L.) SLoss.

General distribution: The species occupies
boreal and temperate parts of Eurasia and North
America (SmrtH 1990, Vuki¢evié 1992). The species is
widespread throughout Europe, except in the south-
ern parts, where it is rather rare (TuTiN & al. 1993).
It belongs to the circum-Holarctic disjunct boreal-
temperate floristic element. In the Balkans, it is dis-
tributed in Slovenia, Croatia, Bosnia and Herzego-
vina, Montenegro, Albania, Serbia, Bulgaria and
Greece (POWO 2023b).

Distribution in Serbia (Fig. 2D): Until
1992, only two localities of this species were known:
Mts Sar planina (Kobilica) - UTM DM96 and Golija
(Dukiéa stream, Paljevaci) — UTM DN49 (Gajé
1989, Vukicevic 1992).

New and unpublished records (Fig. 2D):
W Serbia: Mt Jelova Gora, Vojnicka stena (Tatalija
river), N 43.957616°, E 19.775821°, UTM DPO06,
830 m, sericitic quartzites, mixed beech forest (leg./
det.Vuxkocié, S., Aug 2021, BEOU 80119); Mt Jelova
Gora, Sremos (Tatalija river), N 43.953008°, E
19.796024°, UTM DPO06, 855 m, metamorphosed
quartz conglomerates and breccias, mixed beech
forest (leg./det. Vukomnci¢, S., 24 July 2021, BEOU
80136); Mt Jelova Gora, below Bujadnjacda towards
Tatalija river, N 43.944956°, E 19.793598°, UTM
DP06, 910 m, metamorphosed quartz conglomer-
ates and breccias, the clearing within beech forest
(leg./det. Vukosicié, S., Aug
2022, BEOU 68600); Mt
Golija, Ostatija, Gradiste
(Milojevsko brdo), N
43.361134°, E 20.394997°,
UTM DP50, 940 m, phyllite-
micaschist, mixed beech
forest (leg. Vuxkomncié, S.,
KaBas, E., Lazarevié, P,
VEeLsé, M., 19 May 2021, det.
Vuxkoscié, S., BEOU s.n.); Mt
Tara, Mitrovac, Crveni po-
tok, UTM CP76, c. 1100 m,
Quaternary sediments, ass.
Piceo-Abieto-Fagetum s.l.
(leg./det. SteEVANOVIE, V., sub
Thelypteris phegopteris, 26
June 1990, BEOU 1297/90);
E Serbia: Mt Stara planina,
Dojkince village (Arbinje),
UTM FN49, sandstone (leg.
Tomovié, G., Zrarkovi¢, B.,
sub Thelypteris phegopteris,
27 July 1998, BEOU 11648);

=

Metohija: Mts Sar planina, Orman peak, UTM EMO07
(leg. Rupski, 1., sub Dryopteris phegopteris, 16 July
1930, BEOU s.n.); Mts Sar planina, Orman peak,
Donji Orman, UTM EMO07 (leg. Rupski, 1., sub Neph-
rodium phaegopteris, 16 July 1930, BEOU s.n.); Mts
Sar planina, Gine vode — Mekus bor — Careve livade,
UTM DM96, 1900 m (leg. StevANOVIE, V., sub Thelyp-
teris?, 24 June 1997, det. Vukoncié, S., BEOU 7372)
(Fig. 2D).

In total, P connectilis was recorded in five new
10x10 km UTM squares in Serbia (Fig. 2D). The
finding of P. connectilis on Mt Stara planina is the
first record of this species in the region of Eastern
Serbia. The locality on Mt Tara (Mitrovac) is the
northwesternmost, whereas the locality on Mt Stara
planina (Dojkince village, Arbinje) is the eastern-
most limit of the species’ distribution in Serbia.

Habitat and ecology: Phegopteris connec-
tilis was found mainly on rocky places in beech for-
ests and mixed beech-spruce, beech-fir and beech-
fir-spruce forests at new localities in Serbia (Mts
Jelova Gora, Golija and Tara). Its populations were
found usually on steep slopes and in shady places
where water constantly flows over rocky sections.
The following accompanying taxa were frequently
found at the new localities (Mts Jelova Gora and
Golija) with P. connectilis in Serbia: Rubus caesius,
Fagus sylvatica, Valeriana officinalis L., Oxalis ace-
tosella L., Aruncus dioicus (WALTER) FERNALD, Poly-
podium vulgare L., Impatiens noli-tangere L. and
some liverworts (Marchantia sp. and Conocephalum
sp.). Newly recorded populations were found mostly

Fig. 5. Phegopteris connectilis (Micux.) Watt (Mt Jelova Gora; photo S.VuxkoJicic).
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on various siliceous bedrock types as well as on
Quaternary sediments, at altitudes between 830 m
and 2000 m a.s.l.

The ecological preferences of this species at the
new localities in Serbia correspond to its habitat
and ecological requirements in other parts of its
range and at already known localities in Serbia.
Many studies indicate that this species occurs in
hilly and mountainous areas (up to 2300 m a.s.1), in
shady places in deciduous and coniferous forests of
oak and beech/fir or spruce, or on sheltered rocky
banks with steep slopes (Vuki¢evi¢ 1992, Pace 1997,
CarisTENHUSZ & al. 2017c¢). According to VUkrICEVIE
(1992), in Serbia this species has been recorded in
various deciduous and coniferous communities of
the alliances Fagion silvaticae and Vaccinion-Pi-
ceion.

Conservation status and threats: Phe-
gopteris connectilis is currently classified as a
strictly protected species at national level (SL. GLAS-
NIK RS 2010-2016). The species has been classified
as Least Concern on the ITUCN Red List of Threat-
ened Species (CurisTENHUSZ & al. 2017¢) and on the
European Red List of Lycopods and Ferns (Garcia
Criapo & al. 2017).

According to our observations, the factors
threatening this species in Serbia are the following:
changes in the hydrological regime of habitats, de-
forestation, widening of roads and construction of
infrastructure. According to CurisTENHUSZ & al.
(2017c), there are no significant threats to the popu-
lations of this species on a global scale.

4. Conclusion

In this paper, chorological data on four fern
taxa in Serbia are presented. For this purpose, all
available sources were used: field investigations, lit-
erature sources and herbarium collections. For the
first time, a distribution map of the newly discov-
ered species Athyrium distentifolium (alpine lady-
fern) in Serbia was provided. The results show that
the studied fern taxa are actually more widespread
in the studied region than previously assumed. The
most abundant taxa in terms of the number of
10x10 km UTM squares are Thelypteris palustris
(25 grid cells) and T. limbosperma (13), while the
taxa occurring in a smaller number of squares are
A. distentifolium (4) and Phegopteris connectilis
(7). Although three of the studied taxa (T. limbos-
perma, T. palustris and P. connectilis) are listed as
strictly protected at the national level, it is conclud-
ed that T. limbosperma and T. palustris should be
protected in Serbia with a lower level of conserva-
tion than the strictly protected taxa. In contrast, P
connectilis and A. distentifolium should be given
the status of strictly protected species in Serbia,

considering their small number of localities and
small population size. This study highlights the im-
portance of siliceous bedrock types and Quaternary
sediments as important substrates for the growth
and survival of the studied fern species, which
should be taken into account when planning their
conservation. Further studies are needed to deter-
mine the detailed chorological and ecological pref-
erences of these fern species on the territory of Ser-
bia and to organize their appropriate conservation.
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