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Abstract. The successful solution of many aspects of palaecofloristic reconstruction is traditionally based on materials from
palynomorphological and palaeopalynological studies. This paper summarizes an analysis of the palynofloral species composition
from Allered—Holocene deposits in 21 sections of the modern Lviv region. The analytical processing and generalization of the
obtained palaeofloristic data enabled the identification of pollen and spores from 21 rare plant species in the fossil palynofiora.
The species vary in conservation status within the extant flora. Currently, 15 of them occur in the plain part of the Lviv region.

The remaining 6 are present only in the high mountains of the Ukrainian Eastern Carpathians.
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1. Introduction

Ecological elements and processes in the past, pres-
ent, and future are interconnected in a spatiotemporal
continuum (Maguire et al. 2015; Nieto-Lugilde et al.
2021). Therefore, palacobotany, palacoecology, as well
as modern botany, phytochorology, and ecology provide
valuable information at different and complementary
timescales that can improve predictions of biodiversity
responses in the future (Willis et al. 2007; Blois et al.
2013; Jackson & Blois 2015; Maguire et al. 2015;
Trondman et al. 2015; Wingard et al. 2017; Trindade
et al. 2023).

The developmental patterns of the vegetation cover
of the territory currently occupied by the Lviv region,
during the Last Glacial Maximum (LGM, 21+2ka cal
BP) to the Holocene (11 700 years BP to the present day)
(Gibbard et al. 2020) are generally similar to the suc-
cessions that are known for other regions of Central
Europe (Wasylikowa et al. 1991; Goslar et al. 1999;

Kalinovych 2000, 2009; Granoszewski 2003; Magri
et al. 2006; Birks 2008; Kunes et al. 2008; Filbrand-
Czaja 2009; Marcysiak 2010; Bezusko et al. 2011; Petr
& Novak 2014; Wanner et al. 2014; Vocadlova et al.
2015; Giesecke et al. 2017; Kune$ & Abraham 2017,
Kalinovych et al. 2018).

The problem of preserving and protecting rare
and relict plant species is multifaceted. One way to sol-
ve this problem successfully is to analyse complex
retrospective and prognostic reconstructions of the dis-
tribution of these species in vegetation cover in the
past. In Ukraine, the current stage of Upper Pleistocene
and Holocene sediment palynological studies is cha-
racterized by the palacofloristic substantiation of the
individual history of distribution of some taxa in space
and time (Bezusko et al. 2011, 2015, 2018, 2019a,
2019b; Bezusko & Tsymbalyuk 2019). Relevant and
promising in this context is the use of results from
comprehensive palaeofloristic and palynomorpho-
logical studies, forming a basis for spatiotemporal
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reconstructions of the distribution of some rare and relict
species of the flora of Ukraine (Bezusko et al. 2013,
2020; Karpyuk et al. 2015; Tsymbalyuk & Bezusko
2017; etc.).

This work aims to summarize the currently available
results on the identification of pollen and spores of rare
and relict plant species in the palynoflora of Allered-
Holocene sediments in the Lviv region, and to recon-
struct the spatial and temporal distribution histories
of these taxa.

2. Materials and methods

Spatially, we considered in this study the modern
Lviv region of Ukraine. Temporally, we took into ac-
count the last climatic rhythm of the Late Glacial (in-
terstadial Allered, AL; and stadial Late Dryas, DR-3)
and the Holocene (Preboreal, PB; Boreal, BO; Atlantic,
AT; Subboreal, SB; and Subatlantic, SA).
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Using Small Polissia as a case study, we developed
the first stratigraphic scheme in Ukraine for dividing
Allerad to Late Glacial deposits based on palynological
and radiocarbon data. Subsequently, new results from
palynological and radiocarbon studies substantiated
the division of Allerad-Holocene deposits across the
plains of Ukraine (Bezusko et al. 2011). The primary
stages of this scheme utilized a modified version of the
classical Blytt-Sernander system (Khotinsky 1977).
Reconstructions were expressed in uncalibrated years:
DR-2/ALas 11 700 BP; AL/DR-3 as 11 000 BP; DR-3/
PB as 10 300 BP (lower boundary of the Holocene); PB/
BO as 9300 BP; BO/AT as 8000 BP; AT/SB as 4600
BP; and SB/SA as 2500 BP (Bezusko et al. 2011).

The palaeofloristic data obtained for the species
composition of the Allered-Holocene fossil palynoflora
in 21 sections were used to analyse and summarize the
participation of pollen and spores of rare and relict plant
species (Fig. 1; Table 1).
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Fig. 1. Map of palynological sites in the plam of the Lviv region (Western Ukraine), cited in the tables 1-7



Table 1. List of researched palynological sections in the Lviv region
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Geographic coordinates

No Open-casts/district Age of sediments
N E
1 Varenzhanka/Sheptytskyi (former BO, AT, SB, SA 50°34'53" 24°10'17"
Sokalskyi)
2 Perespa/Sheptytskyi DR-3, PB, BO, AT, SB, SA 50°24'06" 24°26'30"
(former Sokalskyi)
3 Solokia/Sheptytskyi PB, BO, AT, SB, SA 50°22'34" 23°44'15"
(former Sokalskyi)
4 Kulychkivske/Sheptytskyi (former ~ BO, AT, SB, SA 50°18'19" 24°05'00"
Sokalskyi)
5 Bolotnya/Sheptytskyi PB, BO, AT, SB, SA 50°18"29" 23°55'32"
(former Sokalskyi)
6 Stoyaniv I/Sheptytskyi (former PB, BO, AT, SB, SA 50°22'47" 24°39'46"
Radekhivskyi)
7 Stoyaniv II/Sheptytskyi (former BO, AT, SB, SA 50°22'47" 24°39'46"
Radekhivskyi)
8 Lopatyn/Sheptytskyi DR-3, PB, BO, AT, SB, SA 50°13'04" 24°50'30"
(former Radekhivskyi)
9 Radekhivske/Sheptytskyi (former PB, BO, AT, SB, SA 50°15'49" 24°45'35"
Radekhivskyi)
10 Lisne/Sheptytskyi PB, BO, AT, SB, SA 50°10'02" 24°46'06"
(former Radekhivskyi)
11 Polonychka/Sheptytskyi PB, BO, AT, SB, SA 50°08'36" 24°36"29"
(Kamyanka-Buzka)
12 Doroshiv/Lvivskyi (former AL, DR-3, PB, BO, AT, SB, SA 49°56'15" 24°02'19"
Zhovkhivskyi, Nestorivhivskyi)
13 Mali Pidlisky/Lvivskyi (former BO, AT, SB, SA 49°55'15" 24°09'34"
Zhovkhivskyi, Nestorivhivskyi)
14 Zvenyhorod-Kotsurivske/Lvivskyi ~ SB, SA 49°43'58" 24°14'49"
(former Pustomytivskyi)
15 Rata/Novoyavorivskyi (former DR-3, PB, BO, AT, SB, SA 49°48'36" 23°05'16"
Yavorivskyi)
16 Tsetulya/Novoyavorivskyi (former ~ SB, SA 49°57'50" 23°27'48"
Yavorivskyi)
17 Konyushkiv/Zolochivskyi BO, AT, SB, SA 50°0729" 25°02'50"
18 Pecheniya/Zolochivskyi SB, SA 49°46'39" 24°22'10"
19 Zolochivske/Zolochivskyi SB, SA 49°50'02" 24°5120"
20 Well B-46/Zolochivskyi SA 49°48'14" 24°55'31"
21 Medenychi/Drohobytskyi SB, SA 49°25'37" 23°44'45"

To identify the Allerad-Holocene fossil palynoflora
(spores and pollen grains of higher plants), standard
determinants and keys commonly used in palynological
analysis were employed (e.g., Erdtman 1952; Grychuk
& Monoszon 1971; Kupriyanova & Aleshina 1972;
Artyushenko & Romanova 1984; Moore et al. 1991;
Nalepka & Walanus 2003; de Vernal 2014). Identifica-
tions were further supported by modern pollen slides
of'rare, relict, and endemic plants from the Palynotheca
(KW-P) of the National Herbarium of Ukraine (KW) at
the M.G. Kholodny Institute of Botany. Additionally,

the recent palynomorphological data obtained via light
and scanning electron microscopy by Z. M. Tsymbalyuk
were utilized (Tsymbalyuk er al. 2008, 2018, 2019,
2021; Tsymbalyuk 2012; Tsymbalyuk & Mosyakin
2013; Tsymbalyuk & Bezusko 2017).

Taxa were identified to the lowest possible level.
Access to the KW-P collection and the atlas by Artyush-
enko & Romanova (1984) specifically enabled the iden-
tification of Holocene sediment samples to the species
level. Nomenclature follows the aforementioned keys
and the “List of Vascular Plants of Ukraine” (Mosyakin
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& Fedoronchuk 1999), with taxonomic validity verified
using POWO (2025) and IPNI (2025).

3. Vegetation dynamics

During the LGM, a significant part of Europe — spe-
cifically its central and eastern regions — was dominated
by periglacial steppe, desert-steppe, tundra, forest-
steppe, and boreal-forest species (Starkel 1977a, 1977b;
Novenko et al. 2005; Kotaczek 2007, 2011; Bezusko
et al. 2011, 2018, 2019; Starkel ef al. 2013; Magyari
etal. 2014; Kune§ & Abraham 2017; Kobe et al. 2019).
Large areas were covered with herbaceous vegetation
dominated by species of the families Chenopodiaceae,
Cyperaceae, Juncaceae, and Asteraceae, particularly in
south-eastern Poland and in the bordering Lviv region
(Bezusko et al. 2011; Starkel et al. 2017). A comparison
of fossil pollen assemblages from the LGM vegetation
of Eastern-Central Europe with surface pollen spectra
from southern Siberia showed that this area shares many
similarities with the LGM vegetation and is considered
its best modern analogue (Magyari ef al. 2014). Some
alpine and arctic-alpine shrubs and subshrubs (e.g.,
Alnus, Betula nana-type, Salix, Dryas octopetala, Juni-
perus) occupied much smaller areas. Forests composed
of dominant woody species Pinus sylvestris, Betula
pendula/pubescens, Larix, Pinus cembra-type, Pinus
mugo, Picea abies, Hippophaé rhamnoides, Salix, and
Populus, developed in the region around 13450 BP
mainly in river valleys, on wet north-facing hillsides,
replacing an open, steppe landscape (Kotaczek 2007,
2010, 2011; Kotaczek et al. 2010; Bezusko et al. 2011,
2015; Vocadlova et al. 2015; Kobe et al. 2019; Schworer
etal. 2022).

With the onset of interglacial warming (approxi-
mately 11 700 BP), significant changes occurred in
plant communities of western Ukraine and south-eastern
Poland. Light-loving arctic and alpine elements, as well
as the low competitive Pinus cembra-type, disappeared
from the vegetation cover of the plains. Woody vegeta-
tion became dominant. Along with boreal elements,
Pinus sylvestris, Betula, and Picea abies, also broad-
leaved components occurred, although they were not
widely distributed (Szafer 1930, 1972; Srodof 1972;
MacDonald et al. 2000; Kornas & Medwecka-Korna$
2002; Pokorny 2002; Kunes et al. 2008; Kunes & Abra-
ham 2017; Kalinovych et al. 2018; Gerasimenko et al.
2019; Stancikaité et al. 2022).

The first temperate trees detected in the deposits
were Ulmus and Corylus between 11 700 and 10250 BP.
Roughly 1000 years later, they were followed by Quer-
cus, Fraxinus excelsior, and Tilia (Ralska-Jasiewiczowa
et al. 2004; Starkel et al. 2013; Schworer et al. 2022).
By the beginning of Starkel’s chronozone AT1 (8 400
BP), landscapes dominated by mixed forests of Ulmus,
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Quercus, Tilia, Fraxinus, and Corylus were already
established across Central and South-East Europe
(Kotaczek 2007, 2011; Kotaczek et al. 2010; Bezusko
et al. 2011; Starkel e al. 2013). Notably, on the plains
of western Ukraine, 7ilia forests expanded their area
between 7 000 and 6 000 BP, preceding the expansion
of Quercus forests, which occurred between 6 200 and
4500 BP (Shelag-Sosonko & Gorochova 1972; Bezusko
etal.2011).

At the end of the Atlantic period (AT), the south-
western lowlands of western Ukraine — much like
adjacent territories in south-eastern Poland — showed
low pollen values of Carpinus. This suggests the species
was likely migrating from the south-east at that time
(Ralska-Jasiewicz 1964; Gerasimenko 1997; Ralska-
Jasiewiczowa et al. 2004; Bezusko et al. 2011).

At the boundary of AT and the beginning of the
Subboreal phase (SB-1, 4450+80-3 735+60 BP), the
cooling climate led to a reduction in broad-leaved
and coniferous-broad-leaved forest areas. During the
subsequent phase of the Holocene, SB-2, warming con-
tributed to the re-expansion of these forests, particularly
involving Ulmus, Tilia, Quercus, Betula, and Alnus. At
approximately the same time, other species entered the
region — described by Prof. Starkel (Starkel et al. 2013)
as “newcomer trees and late-migrants”: Picea, Fagus,
Abies (Magri et al. 2006; Magri 2008; Bezusko et al.
2011). The maximum presence of Fagus in the forest
vegetation of the western Ukrainian plains occurred
between 4 100 and 3 200 BP (Bezusko et al. 2011).

At the end of SB, a subsequent relative cooling led
to a significant increase in boreal elements in the forests,
particularly Picea. However, compared to the SB-1
phase, the scale of this phenomenon was much smaller.

During the SA phase of the Holocene (the last 2500
years BP), the most moisture-demanding components
established themselves within tree communities: Fagus
and A4bies in the western part, and Carpinus in the eastern
part of the region, as well as in Central Europe (Szafer
1972; MacDonald et al. 2000; Kalinovych 2000; Tin-
ner & Lotter 2006; Bezusko et al. 2011; Ruddiman et
al. 2016; Kalinovych et al. 2018). In that phase (SA),
changes in Ukrainian vegetation cover occurred under
the influence of both climatic and anthropogenic factors.
In the palynological spectra formed during the last 1 000-
800 BP, a significant concentration of pollen indicators
of human activity is observed (Bezusko et al. 2011).

4. Study site

4.1. Vegetation

The presence of various landforms and the significant
climatic differentiation in the Lviv region have formed
the basis for diverse contemporary vegetation cover
and considerable floristic richness. Forest communities
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(temperate broad-leaved deciduous forests, mixed, and
small-leaved boreal remnants) are widespread in the
region, whereas other plant communities represented in
this region include extrazonal steppe coenoses, oligo-
trophic and eutrophic swamps, semi-natural post-forest
meadows and pastures, as well as agro-phytocoenoses
(Kalinovych et al. 2018; Seniv 2024).

On the hilly heights of north-western Podillya, where
limestone and chalk deposits of the ancient Paratethys
are on the surface, edaphic conditions do not contribute
to the development of forests. Therefore, grassy xerotic
coenoses have existed here since the glacial aridization
of'the climate (crioxerotic phase of LGM) (after Grychuk
1989) when the periglacial steppe vegetation stretched
in a wide strip from the west to east of Europe (Grosset
1971; Kunes et al. 2008, 2015; Magyari et al. 2014;
Hurka et al. 2019). The latter are considered relicts of
the Ice Age (Szafer 1923, 1930, 1935; Bezusko et al.
2011; Kalinovych et al. 2018). On the sandy substrates
of Roztochchia and Small Polissia, patches of conifer-
ous taiga with the participation of Pinus sylvestris and
Juniperus communis are widespread; their formation was
also caused by phytohistorical and edaphic conditions
(Szafer 1935; Bezusko et al. 1985; Soroka 2008).

4.2. Flora

The flora of the plain of the Lviv region includes
1725 species of vascular plants (253 of them synan-
thropic) (Zelenchuk 1991; Malinovsky 2001; Sychak
& Kahalo 2010), which form almost one-third of the
species composition of the Ukrainian flora (Zaverukha
1985; Mosyakin & Fedoronchuk 1999). Such floristic
richness is explained by environmental factors, the
diversity of habitats, and the intersection of migration
flows from past geological eras and the present in the
region. Such circumstances have led to the presence of
both common, widespread, and many rare and relict
plant species in its flora. Among the 148 rare and relict
species of the regional flora, listed in the Red Book of
Ukraine (Didukh 2009), 142 taxa occur in the plain part
of the Lviv region (Tasenkevich et al. 2015).

Biodiv. Res. Conserv. 80: 5-17, 2025

There is no simple relationship between the conditions
of climate or soil and the areas of geographical distribution
of relict plant sites, especially in the lowlands, because
it must be remembered that “...the geographical image
we have today is the result of a long and variable history,
reaching back to the diluvial period” (Szafer 1930).

5. Results

The palynoflora species composition of 21 sections of
Allered-Holocene sediments located in the Lviv region
of Ukraine was analysed. The palacofloristic analysis
revealed that spores and pollen of 21 species, which are
classified in the flora of the region as rare and relict, oc-
curred in the studied sediments. We found that 14 plant
species listed in “Rare and Endangered Plant Species of
Lviv Region” (Tasenkevich et al. 2015) were compo-
nents of the studied fossil palynofloras. These species
vary in conservation status: Betula humilis Schrank,
Botrychium lunaria (L.) Sw., B. multifidum (S.G.Gmel.)
Rupr. [according to POWO (2025) and IPNI (2025),
syn. of Sceptridium multifidum (S.G.Gmel.) Nishida ex
Tagawa], Diphasiastrum complanatum (L.) Holub, Ly-
copodiella inundata (L.) Holub, Lycopodium annotinum
L., Pinguicula vulgaris L., Scheuchzeria palustris L.,
Utricularia intermedia Hayne, and Utricularia minor L.
are classified as Vulnerable; Diphasiastrum alpinum (L.)
Holub and Staphylea pinnata L. are Rare; while Cystop-
teris sudetica A.Braun & Milde and Huperzia selago
(L.) Bernh. ex Schrank & C. Mart. are Not Evaluated.
Seven plant species are listed in the Red Book of Ukraine
(Didukh 2009) with the following conservation statuses:
Dryas octopetala L. is classified as Rare; Larix decidua
Mill. var. polonica (Racib. ex Woycicki) Ostenf. & Syrach
(according to POWO 2025, syn. Larix polonica Racib.
ex Woycicki), Linnaea borealis L., Marsilea quadrifolia
L., and Thalictrum foetidum L. are Endangered; whereas
Pinus cembra L. and Selaginella selaginoides (L.)
P.Beauv. ex Schrank. & Mart. are Vulnerable. For each
of these species, their distributions in the study area were
reconstructed in both space and time (Table 2).

Table 2. Spatiotemporal differentiation of distribution patterns of some rare and relic species in the Lviv region during the Allered-Holocene

Palynofloras of Allered-Holocene sediments District
Taxon name
AL DR-3 PB BO AT SB SA

Betula humilis - + + + - - - Sheptytskyi

+ + + + + + - Lvivskyi

+ + + - - Novoyavorivskyi

— — — + — - - Zolochivskyi
Linnaea borealis - - + + - + - Sheptytskyi

- - - + - + + Lvivskyi

- — — - + - - Novoyavorivskyi

- — - + - + Zolochivskyi
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Larix sp. (Larix decidua var.
polonica)

Lvivskyi

Pinus cembra type

+
+ + +

+ o+

Sheptytskyi
Lvivskyi
Novoyavorivskyi

Thalictrum foetidum

+
+

+ +

Sheptytskyi
Lvivskyi
Zolochivskyi

Dryas octopetala

+
+ o+ o+

+ +

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi

Scheuchzeria palustris

+ +

Lvivskyi
Novoyavorivskyi
Zolochivskyi

Staphylea pinnata

Novoyavorivskyi
Zolochivskyi

Pinguicula vulgaris

Sheptytskyi
Novoyavorivskyi

Utricularia intermedia

++ |+ [+

Sheptytskyi
Novoyavorivskyi

Utricularia minor

+

Sheptytskyi
Novoyavorivskyi
Zolochivskyi

Diphasiastrum alpinum

Sheptytskyi
Lvivskyi
Novoyavorivskyi

Diphasiastrum complanatum

+ o+ o+

+ o+

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi

Huperzia selago

+ +

++ +

+ o+ |+

++ + + +

+

+ +

+

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi

Lycopodium annotinum

+ o+ o+ |+

+ +

+

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi
Drohobytskyi

Lycopodiella inundata

I+ o+

+

+ |+ +

+

++ +

+ o+ o+

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi
Drohobytskyi

Botrychium multifidum
(Sceptridium multifidum)

Lvivskyi

Botrychium lunaria

+ +

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi

Selaginella selaginoides

+
+ + +

Sheptytskyi
Lvivskyi
Novoyavorivskyi

Marsilea quadrifolia

+ o+ o+

Sheptytskyi
Lvivskyi
Novoyavorivskyi
Zolochivskyi

Cystopteris sudetica

Lvivskyi
Novoyavorivskyi




6. Discussion

The results summarized in Table 2 indicate that each
of'the 21 species of rare and relict plants had its particu-
lar distributional history during the Allered-Holocene.
The palynological characteristics of deposits in sections
located within the modern Lviv region were also exam-
ined (Kalinovych 2000, 2009; Andreeva 2010, 2011).
Our results indicate that pollen and spores were identi-
fied to the genus level in 5 sections of north-western
Podillya (Zolochivskyi district): Botrychium sp., Dipha-
siastrum sp., Larix sp., Lycopodium sp., Marsilea sp.,
Thalictrum sp., Utricularia sp., etc. (Andreeva 2010).

In the collective palynoflora of the Middle Holocene
sediments (Atlantic and Subboreal times), pollen grains
of Lonicera caerulea L. were identified (Andreeva
2011). This species has a conservation status of Rare,
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and its distribution in Ukraine is limited to Mount
Petros (in the Chornohora massif of the Ukrainian
Carpathians, 2020 m a.s.l.) (Didukh 2009; Tasenkevich
et al. 2022). The palynoflora of the Allered sediments
of the Zarichia 2A section (Sambir district) included
pollen of Pinus cembra-type and Larix sp. (Kalinovych
2009). Importantly, in the Late Dryas sediments of the
Ozerne-3 section (Sambir district), pollen of Taxus
sp., Pinus cembra-type, and Larix sp. was identified
(Kalinovych 2000). Taxus baccata is a relict species
and is listed as Vulnerable in the Red Book of Ukraine
(Didukh 2009).

At present, Allerad-Holocene deposits are best stu-
died in the Lviv, Sheptytskyi, and Novoyavorivskyi di-
stricts, compared to other areas.

Tables 3-7 summarize the spatiotemporal distribu-
tion and present the upper temporal limits for each

Table 3. Spatiotemporal differentiation of the distribution of rare and relic species in the Sheptytskyi district during the Late Dryas-Holocene

Palynofloras of Late Holocene sediments

Taxon name

DR-3

PB BO AT SB SA

Betula humilis +
Linnaea borealis

Pinus cembra type
Thalictrum foetidum

Dryas octopetala

Pinguicula vulgaris
Utricularia intermedia
Utricularia minor
Diphasiastrum alpinum
Diphasiastrum complanatum
Huperzia selago
Lycopodium annotinum -
Lycopodiella inundata

Botrychium lunaria -
Selaginella selaginoides
Marsilea quadrifolia _

I+ + + + + + 1+

+

+ _ _
_ + _

4+ o+
+ 4+ + o+
R
o+
o

I+ + 4+ +
I+ + + +
+ o+ o+
+ o+ o+
I+ + 4+ +

|

|
+
|

|

Table 4. Spatiotemporal differentiation of the distribution of rare and relic species in the Lvivskyi district during the Allered-Holocene

Palynofloras of the Allered-Holocene sediments

Taxon name

AL DR-3 PB BO AT SB SA

Betula humilis + + + + + + —
Linnaea borealis. - - - + - + +
Larix sp. + — - — _ _
Pinus cembra + + + + — _ _
Thalictrum foetidum + + - - — + _
Dryas octopetala + + + + _ _ _
Scheuchzeria palustris - - - - + + _
Diphasiastrum alpinum + + — + - _ _
Diphasiastrum complanatum + + + - + + _
Huperzia selago + + + - + _ +
Lycopodium annotinum + — — + + +

Lycopodiella inundata + + - _ + + _
Botrychium lunaria + + - + — + _
Selaginella selaginoides + + + - - — _
Marsilea quadrifolia - - - - - + +
Cystopteris sudetica _ _ _ _ _ +
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Table 5. Spatiotemporal differentiation of the distribution of rare and relic species in the Novoyavorivskyi district during the Late Dryas-

Holocene

Palynofloras of the Late Dryas-Holocene sediments

Taxon name
DR-3

PB BO AT SB SA

Betula humilis -
Linnaea borealis -
Pinus cembra type -
Dryas octopetala -
Scheuchzeria palustris -
Staphylea pinnata -
Pinguicula vulgaris

Utricularia intermedia
Utricularia minor -
Diphasiastrum complanatum -
Huperzia selago -
Lycopodium annotinum -
Lycopodiella inundata -
Botrychium lunaria -
Marsilea quadrifolia -
Cystopteris sudetica _

|
o+ o+ o+
|
|
|

|
|
+
|
|

Table 6. Spatiotemporal differentiation of the distribution of rare and relic species in the Zolochivskyi district during the Holocene

Palynofloras of the Holocene sediments

Taxon name

PB

BO AT SB SA

Betula humilis -
Linnaea borealis -
Thalictrum foetidum -
Dryas octopetala -
Scheuchzeria palustris -
Staphylea pinnata -
Utricularia minor -
Diphasiastrum complanatum -
Huperzia selago -
Lycopodium annotinum -
Lycopodiella inundata -
Botrychium lunaria -
Marsilea quadrifolia

" _ _ _
+ - - +
+

+
|
|
|

[ [
S S S S B
+ [
+ o+ o+ o+ o+

Table 7. Spatiotemporal differentiation of the distribution of rare and relic species in the Drohobytskyi district during the Holocene

Palynofloras of the Holocene sediments

Taxon name

PB

BO AT SB SA

Lycopodium annotinum -
Lycopodiella inundata -

- - + +
- - - +

species. For example, Larix pollen from the Allered
interstadial in the Lvivskyi district represented most
probably Larix decidua Mill. var. polonica. In the Late
Dryas, the upper temporal limit of Selaginella selagi-
noides was recorded in the Sheptytskyi district, while
in the Lvivskyi district, it persisted into the first half of
the Early Holocene (Preboreal). The upper temporal
limit for Dryas octopetala, Pinus cembra-type, and
Diphasiastrum alpinum is the first half of the Early
Holocene (Boreal time).

Ofthe 21 rare species, whose spores and pollen were dis-
covered in the sediments, most are currently found in the
plain part of the area; only Larix polonica, Pinus cembra,
Dryas octopetala, Diphasiastrum alpinum, and Selaginella
selaginoides have survived since then in the mountains.
Larix polonica was mentioned in herbarium collections
for Roztochia and in the Eastern Bieszczady Mts in the early
20th century (Szafer 1972; Koporska 1929; Stoyko et al.
2004; Soroka 2008), but today survives only in 2 relict
localities in the Gorgany massif (Stoyko et al. 2004).



Another Pleistocene autochthonous relict species,
Pinus cembra, had a wider range in Europe during the
last glaciation (Caudullo & de Rigo 2016). As tempera-
tures rose, it was displaced by Picea abies to higher
altitudes in the Alps and Carpathians (Caudullo & de
Rigo 2016). Dryas octopetala, Selaginella selaginoides,
and Diphasiastrum alpinum are arctic-alpine species
occurring on high-altitude grasslands. As cold-resistant
species, they primarily respond to global warming
and are on the verge of extinction in the Ukrainian
mid-altitude Carpathians (Kobiv 2018; Shiyan 2019;
Tasenkevich et al. 2022; Walas et al. 2023).

7. Conclusions

The species composition of the palynoflora of
Allergd-Holocene sediments of 21 open-casts in the
Lviv region was analysed. Pollen grains of 21 rare and
relict species were identified.

Generalized palaeofloristic materials have estab-
lished, for the first time, the spatiotemporal differen-

Biodiv. Res. Conserv. 80: 5-17, 2025

tiation of these species during the Allered-Holocene
in the Lviv region. Upper temporal limits and general
regressive distribution trends were established for each
species.

Comparative analysis of palaeofloristic and current
floristic materials have expanded our understanding of
vegetation cover formation in the region.
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