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PLACES OF GROWTH AND BIOLOGICAL CHARACTERISTICS
OF HEPATICA FALCONERI (THOMS.) STEWARD
AT THE NORTHERN BORDER OF ITS DISTRIBUTION AREA

The article provides the most up to date information on the distribution of the red-listed species
Hepatica falconeri (Thoms.) Steward (Ranunculaceae), and on its ecological and altitudinal preferences
within the mountain ranges of southeastern Kazakhstan based on the analysis of literature sources, her-
barium specimens, data from the site https://www.plantarium.ru/, as well as our own research. The
authors’ data confirm that the studied species is a forest petromesophilic ecological element. As a result
of the research, the floristic composition of plant communities with the participation of H. falconeri in
the Taldy gorge (northern macroslope of the Kungei Alatau) was established. It is represented by 107
species from 46 families. The most important are 13 families (64.5%): Asteraceae, Fabaceae, Poaceae,
Rosaceae, Ranunculaceae, Apiaceae, Crassulaceae, Caryophyllaceae, Orchidaceae, Lamiaceae, Gera-
niaceae, Papaveraceae and Primulaceae. The floristic core of the describe communities consists of 15
species: Picea schrenkiana, Atragene sibirica, Ribes meyeri, Lonicera stenantha, Rosa alberti, Sedum
hybridum, S. ewersii, Aegopodium alpestre, Fragaria vesca, Geranium collinum, Galium turkestanicum,
Poa nemoralis, Polypodium vulgare, Kaufmannia semenovii, Rheum wittrockii, which are forest, forest-
meadow or petro-lithophilic ecological-phytocenotic elements. We studied some morphometric param-
eters of H. falconeri. The bract consists of three upper stem leaves, and the calyx, in most cases (94.5%),
of six sepals. The latter parameter has a small coefficient of variation and, in our opinion, is a stable trait
of this species. Due to the early and long flowering period, H. falconeri is of interest for introduction as
an ornamental plant.

Key words: rare species, area, altitude, aspect, Hepatica falconeri, Kungey Alatau.
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AViMaKTbIH, COATYCTIK LuekapacbiHAarbl Hepatica falconeri (Thoms.)
steward TapaAy epekiueAikTepi XxaHe OGMOAOTUSIAbIK, CMMATTaMaChl

Makanapa Kpi3blA KiTarnka eHrisiaredH Typ Hepatica falconeri (Thoms.) Steward (Ranuncula-
ceae) apebu Aepekkesaepai, repbapuit yariaepin, https:/www.plantarium.ru/ caitbiHaH aAbliHFaH
AEPEKTEPAI XXBHE XKeKe 3epTTeyAepAi TanAdy HeridiHae KasakCTaHHbIH, OHTYCTIK-LUbIFbICbIHAQFbI Tay
>KOTaAapbl LEriHAEri 3KOAOTUSIAbIK, XKaHe OMiKTikTeri 6oMblHWA MBAIMETTEpP GepiAreH. ABTOPAAPAbIH
MBAIMETTEPI 3ePTTEAETIH TYPAIH OPMaH-ME30(UAbAT IKOAOTUSABIK, SAEMEHT eKEHiH pacTarAbl. 3epTTey
HaTuxKeciHAe Taaabl wWaTKaAbiHAaFbl (KyHrem AaaTaybiHbIH COATYCTiK Makpobetken) H. falconeri
KATbICYbIMEH 6CIMAIK KaybIMAACTbIKTapbIHbIH, (PAOPAABIK, Kypambl aHbiKTaAAbl. OA 46 TyKbIMAACTbIH,
107 TypiMeH yCblHbIAFaH, oAapAblH 13-i (64,5%): Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranuncu-
laceae, Apiaceae, Crassulaceae, Caryophyllaceae, Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae
>keHe Primulaceae. CunatTaaraH KaybIMAACTbIKTApAbIH hAOPaAbIK, sAPOCbIHa 15 Typ Kipeai: Picea sch-
renkiana, Atragene sibirica, Ribes meyeri, Lonicera stenantha, Rosa alberti, Sedum hybridum, S. ewer-
sii, Aegopodium alpestre, Fragaria vesca, Geranium collinum, Galium turkestanicum, Poa nemoralis,
Polypodium vulgare, Kaufmannia semenovii, Rheum wittrockii opmaHabl, OpMaHAbI-LLIAAFbIHABI HEMECe
NeTPO-AUTOMUAbAT IKOAOTUSIABIK, KOHE (PUTOLLEHOTMKAABIK, 2AeMeHTTepre xaTaabl. H. falconeri kenbip

4 © 2022 Al-Farabi Kazakh National University
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MOPOMETPUSIABIK, MapamMeTpAepi HakThiAaHAbl. Cabarbl 3 xofapfbl 6araHaAbl cabak, >karblpakTapAaH
TypaAbl, Kemn >aFaanaa KyATexxanblpakTtapbl (94.5%) — 6 >xanbipakTaH Typaabl. COHFbl MHAMKATOP
Bapmaums Ko3PPUUMEHTIHIH TOMEH AEHIeiHe Me XXoHe aBTOPAAPABIH, MiKipiHLIe, 6YA TYPAIH TypaKTbi
6earici. Epte >aHe y3ak ryapeHy keseHine 6araaHbicTbl H. falconeri caHAiK eciMAiK peTiHAe eHrisyre
KbI3bIFYLUBIABIK, TYABIPAABI.

Ty#in ce3aep: cpek Typ, aymak, 6uikTik, acnekT, Hepatica falconeri, KyHrein Aaatay.

A.A. MBawenko', P.E. Kanap6aii***, b.5. ApbIHOB?,
H.M. Myxutamnos?, I'. LLpamko*, K.T. AGBnakyAoBa?
'PIT1 Ha MXB «MHcTtuTyT 300A0rMM» KH MOH PK, Ka3zaxctaH, r. Aamarthbl
2Ka3axcKkmi HaLMOHaAbHbIN YHUBEPCUTET MMeHn aab-Dapabu, KaszaxcraH, r. AAmarbl
3PI'Y «['ocyaAapCTBEHHbIM HALMOHAAbHbIN NPUPOAHBIN NMapk «Keacarn keaaepi» KAXO)KM M3ITIP PK,
KasaxcraH, AAMaTuHckas 00AacCTb
4AebpeueHcknin yHuBepcuTeT, Benrpus, r. Aebpeuer
*e-mail: raushan.kaparbay@mail.ru
OC00eHHOCTH pacnpoCTPaHEeHUSI U GMOAOTMYECKME XapAKTEPUCTUKH
Hepatica falconeri (Thoms.) steward Ha ceBepHo# rpaHuie apeara

B cTaTbe npeAOCTaBAEHbI YTOUHEHHbIE CBEAEHMS O PACMPOCTPaHEHMM KPACHOKHMXKHOMO Braa He-
patica falconeri (Thoms.) Steward (Ranunculaceae), akoAorMuyeckor M BbICOTHOM MPUYPOUYEHHOCTU B
npeseAax ropHbix XpebToB 1ro-socTtoka KaszaxcraHa Ha OCHOBE aHaAM3a AMTEpPaTYPHbIX UCTOUYHMKOB,
repbapHbix 006pa3LoB, AaHHbIX C canTa https://www.plantarium.ru/ 1 COOGCTBEHHbIX WUCCAEAOBaAHMIA.
AaHHble aBTOPOB MOATBEP>KAAIOT, YTO MCCAEAYEMbIA BUA SIBASETCS AECHbIM METPOME30(UAbHbBIM
3KOAOTMYECKMM 3AEMEHTOM. B pesyabTate McCcAepOBaHMIA YCTaHOBAEH (DAOPUCTUYUECKMIA COCTaB
pacTuTeAbHble coobllecTBa ¢ yyactuem H. falconeri B yueabe Taaabl (CEBEPHbIM MaKpOCKAOH KyHren
AnaTtay). OH npeactaBaeH 107 BuAaMK M3 46 CEMENCTB, BEAYLUMMU M3 KOTOPbIX ABASOTCS 13 (64,5%):
Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranunculaceae, Apiaceae, Crassulaceae, Caryophyl-
laceae, Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae u Primulaceae. dAopuctuueckoe sApo
OnMcaHHbIX coobLEeCTB BKAIOYaeT 15 BMAOB: Picea schrenkiana, Atragene sibirica, Ribes meyeri, Loni-
cera stenantha, Rosa alberti, Sedum hybridum, S. ewersii, Aegopodium alpestre, Fragaria vesca, Ge-
ranium collinum, Galium turkestanicum, Poa nemoralis, Polypodium vulgare, Kaufmannia semenovii,
Rheum wittrockii, oTHocswmMxcss K AeCHbIM, AECO-AYrOBbIM WAM METPO-AMTO(PUAbHBIM 3IKOAOIO-
(PUTOLEHOTUYECKMM IAEMEHTAM. YTOUHEHbI HEKOTOpble MopdomeTpuueckme napameTpbl H. falconeri.
[NpuuBeTHOE MOKPLIBAAO COCTOMT M3 3 BEPXHUX CTEOAEBbIX AUCTbEB, OKOAOLIBETHMK B GOABLUMHCTBE
cayyaeB (94.5%) — n3 6 AMcToukoB. [MocAeAHUI MOKa3aTeAb MMeEeT HU3KMIA YPOBEHb Ko3dpurumeHTa
Bapuaumm 1, Mo MHEHMIO aBTOPOB, ABASIETCSI YCTOMUMBbLIM MPU3HAKOM AQHHOTO BMAQ. B CBS3M C paHHUM
U NMPOAOAXKMTEABbHbLIM NMEPUOAOM LiBeTeHus H. falconeri npeacTaBAseT MHTEPEC AASI MHTPOAYKLIMU Kak
AEKOpPATUBHOE pacTeHue.

KAloueBble cAOBa: peAKMIA BUA, apeaA, BbICOTa, acnekT, Hepatica falconeri, KyHren Aaartay.

Introduction

Rare plants with limited distribution ranges
and low abundances are especially vulnerable to
the global climate change and the constantly in-
creasing anthropogenic impact on natural ecosys-
tems. Their numbers are declining due to the influ-
ence of unfavourable natural or anthropogenic fac-
tors, for example, due to harvesting as medicinal
raw materials or as ornamental plants. In the late
1960s, Commissions for the protection of rare spe-
cies were created on an international and national
scales, and then the Red Data Books of the Inter-
national Union for Conservation of Nature (IUCN)
and of individual countries were created. Later, in
the majority of countries, including Kazakhstan,
Red Books and Strategies for the conservation of

biological diversity were developed and published
[1,2].

First of all, attention should be paid to the study
and protection of species of the first category, de-
fined as “endangered: species in immediate danger
of extinction; their further existence is impossible
without the implementation of special protection
measures” [3]. In Kazakhstan, one of such rare spe-
cies listed in the Red Book of Kazakhstan (2014)
is Hepatica falconeri (Thoms.) Steward from the
family Ranunculaceae Juss. Moreover, this species
has been insufficiently studied, in contrast to another
representative of the genus, Hepatica nobilis Mill.
(H. triloba Gilib.) which is widespread in the north
of the European Russia, the Baltic States and West-
ern Europe [4, 5, 6, 7]. Due to its high decorative
qualities, H. nobilis has been widely cultivated since
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1440 [8]. This species has also been studied in detail
in natural populations, including its morphological,
anatomical and biological characteristics, flower-
ing, seed germination, pollen structure, as well as
karyology; there were also comparative studies in-
volving representatives of other genera of the family
Ranunculaceae [9, 10, 11, 12, 13].

In contrast to H. nobilis, the information avail-
able in the literature on H. falconeri is fragmentary
and in many cases contradictory. This applies to
all species’ characteristics: its distribution range in
Kazakhstan, morphological features, ecological and
phytocenotic preferences, phenology in nature, and
the population numbers and population structure.

In this regard, the purpose of our work was a
complete revision of the available literary and her-
barium information on this species, verification of
its distribution range in Kazakhstan, and the study
of the ecological, morphological and biological
features of the natural populations growing on the
northern slope of the Kungey Alatau, including an
assessment of their condition and development of
recommendations for their improved protection.
In this article, we present the first results of our re-
search.

Materials and Methods

The studies were carried out on the territory of
the State National Natural Park (GNPP) “Kulsay
kulderi” (established by the Decree of the Govern-
ment of the Republic of Kazakhstan No. 88 dated
February 7, 2007), in 2018-2020.

One of the methods was a route-reconnaissance
survey of the territory. Field trips were carried out
in the spring, summer and autumn, when, in addi-
tion to studying the general composition of the flora
and monitoring of permanent plots, we purposefully
searched for the populations of H. falconeri. The
survey was carried out using existing maps of the
area, as well as a GPS navigator (GPS ETREX 20,
Garmin). All locations were recorded and surveyed
in detail. To do so, geobotanical plots were estab-
lished, the survey of which was carried out accord-
ing to the generally accepted method [14]. To study
the floristic composition of the communities, about
100 herbarium specimens were collected and pro-
cessed. The species were identified using the main
reports [15, 16, 17]. Considering that H. falconeri is
a rare and poorly studied species, special attention
was paid to the study of its morphological charac-
teristics. For this, measurements of generative and
vegetative individuals (50—100) were carried out,

and data on the morphological variability of flowers
and fruits were collected (also 50-100 individuals at
each point).

To verify the distribution range of H. falconeri
in Kazakhstan, all available floristic summaries and
other literary sources, as well as the herbarium of
the Kazakh National University named after S. al-
Farabi, the Institute of Botany and Phytointroduc-
tion (Almaty), the herbarium of the Moscow State
University [18] and materials from the Plantarium
website [19] were consulted.

In this article, the taxonomic affiliation of spe-
cies is given according to the summary by S.A. Ab-
dulina [20]. Statistical data processing was carried
out using the Descriptive Statistics MS Excel 2007
program.

Results and Discussion

The genus Hepatica Mill. belongs to a large
family Ranunculaceae Juss. of the subclass Ranun-
culidae, which is closely related to the most ancient
order of angiosperms, Magnoliidae [21]. Accord-
ing to the researchers who analyzed the geography
of this family [22, 23], it is distinguished by a high
level of generic endemism: 32% of all genera are
distributed only in one specific floristic region, as
reported by A.L. Takhtadzhyan [21]. The level of
species endemism is even higher, about 50%, and
the highest number of endemics is concentrated in
the largest genera (Aconitum, Delphinium, Aquile-
gia, Ranunculus, etc.). It is these large genera that
have been most thoroughly studied by international
researchers in terms of their phylogeny and origin
[24].

Thanks to the use of a variety of research meth-
ods, it was possible not only to confirm the ancient
origin of the family and to clarify its taxonomic
and phylogenetic structure, but also to single out
individual genera as independent families, for ex-
ample, Paconiaceae, and also to prove a closer re-
lationship with other families than was previously
thought, for example Berberidaceae [25, 26]. The
results of this revision were confirmed by other
authors and were reflected in the system of A.L.
Takhtadzhyan [21].

The genus Hepatica is rather small. It has only
about 10 species, the ranges of which cover four flo-
ristic regions of Eurasia and North America. It is be-
lieved to have a disjunct Eurasian-North American
distribution. Hepatica is a relatively ancient genus,
being a relic of the forest temperate flora of the early
Tertiary period [23, 27, 28, 29].
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Among the representatives of the genus, the
most widespread is Hepatica nobilis Gars. which
grows in deciduous forests of Western Europe, the
Baltic States, Ukraine and six regions of the north
of European Russia [4, 5, 6, 7]. A detailed study of
this polymorphic species, in the distribution range
of which S.V. Yuzepchuk [52] also included the
Far East region, made it possible to distinguish sev-
eral independent taxa, including H. asiatica Nakali,
H. yamatutai from Primorye and Japan, as well as
H. maxima Nakai from Korea [30, 31, 32].

The best known species, H. nobilis, officially
described by K. Linnaeus in 1753 under the name
Anemone hepatica L., due to its extensive distribu-
tion in densely populated Europe, as well as high
decorativeness (the species has been cultivated for
almost 500 years [8]) has been studied in detail;
however, this is not the case when H. falconeri is
considered.

H. falconeri (Figure 1) was described in 1952
from Kashmir and, was originally assigned to the
genus Anemone [51]. However, S.V. Yuzepchuk,
when studying these closely related genera for the
report “Flora of the USSR, transferred it to the ge-
nus Hepatica, describing it as a new combination.
This opinion was later adopted by both Soviet and
international taxonomists who studied pollen, kary-
otypes, and morphology of these two closely related
genera [9, 10, 23, 29, 32, 33, 34].

Figure 1 — Mass flowering of H. falconeri.
LVL Taldy Gorge, 1694 m above sea level, 15.05.2019

Distribution area in Kazakhstan

According to the habitat type, H. falconeri is a
Dzungar-Himalayan species; it has been found from
the Tien Shan to the Himalayas, in Iran, Kashmir,

India, Pakistan, and Western China [16, 34, 35, 36,
37, 38, 39, 40]. The northern border of the distribu-
tion area is in Kazakhstan. In Kyrgyzstan, this spe-
cies grows in the Fergana region, including the Alai
ridge (the point of the Archaty pass was indicated by
S.V. Yuzepchuk, 1937), and the Western Tien Shan
[41]. In the Issykkul depression, all known locations
are on the southern slope of the Kungey Alatau, the
Chon-Aksu gorge [19].

In Kazakhstan, H. falconeri was originally re-
corded only in the Zailiyskiy Alatau (Tobulga-Su),
where in 1884, E. Regel described a variety of the
species, H. falconeri var. semenovii Regel [15, 16].
Later, it was reported from two ridges, Dzhungarsky
and Zailiysky [37], Dzhungarsky and Kungei [42],
Zailiysky and Ketmen [2]. Unfortunately, data on
the occurrence of this rare species in specific loca-
tions of individual ridges became available only in
recent years: along the Dzhungarskiy Alatau, the
Kugaly gorge [43]; along the Ketmen ridge, the
Hasansai gorge, near the village Kolzhat [44]. The
most incomprehensible is the situation with the dis-
tribution of H. falconeri in the Zailiyskiy Alatau, be-
cause, apart from the above-mentioned reference by
E. Regel provided in the “Flora of the USSR” and
“Flora of Kazakhstan”, there are no other confirma-
tions. A photograph of a vegetating specimen pro-
vided by L.I. Kokoreva (2007) is of a different plant
(most likely, it is a rosette of Trollius dshungarica)
[45]. A report by 1.O. Baytulina et al. [46] with a ref-
erence to M.G. Popova [47] refers not to the Zaili-
yskiy Alatau, but to another ridge, since the author
gives only one point, the Kungei Alatau, the Taldy
gorge. In the collections of the Institute of Botany
and Phytointroduction, there are herbarium speci-
mens of H. falconeri from only two ridges (Table 1).

Thus, H. falconeri is most widespread, almost
along the entire ridge, in Ketmentau. In 2018-2020,
during the survey in the Kungey Alatau, as a result
of special searches, we managed to find several iso-
lated cenopopulations of the species studied, but
only in the valley of the river Taldy. In the gorges of
Saty and Kurmeta, where H. falconeri was recorded
by S.K. Mukhtubaeva [48], we have not yet been
able to find any individuals of the species.

Since this species grows locally, in separate
small populations, additional research is needed,
which we are continuing at the present time. An-
other point of growth of H. falconeri requires veri-
fication. This is the Tarbagatai Ridge mentioned by
Czech botanists in their monograph [49]. However,
we have not yet found any support for this location
either in herbariums or in other literary sources.
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Table 1 — Data from herbarium specimens of Hepatica falconeri (Thoms.). Steward

Ridge Collection Location Date Collected by
Kyrgyzay gorge, 5 km from Podgornoye, southeast 08.06.1970 Stepanova E.F.
Ketmen Tegermen gorge 17.06.1958 Godvinsky M.I.
B. Murab gorge, under the rocks 05.07.1964 Roldugin LI, Fisyun V.V.
Kungey Taldysu pass, southern slope, rocks 01.07.1937 V.P. Goloskokov
Alatau Merkov pass to Kyrgyzstan 02.07.1937 Gorbunova E.P.

Ecological and phytocenotic features

The most common ecological conditions for
H. falconeri are rocky slopes and rocks of the sub-
alpine belt. This description of A.P. Gamayunova
from “Flora of Kazakhstan” (1961) is repeated in
most other literary sources [2, 42, 48], since their
authors were usually familiar with this rare species
because of the information available from publica-
tions and a few herbarium specimens. Unfortunate-
ly, this information concerns only some individual
habitats of the species studied and does not fully re-
flect the features of its ecological preferences and al-
titudinal-belt distribution. The altitude range of the
species was first mentioned by V.P. Goloskokov,
who pointed out [37] that in the Dzhungarskiy Ala-
tau, H. falconeri grows in cracks on rocks and stony
slopes of the middle mountains. In terms of cenotic
confinement, [.I. Roldugin [39]. who had been re-
searching spruce forests of the Northern Tien Shan
for many years, provided the most accurate, in our
opinion, ecological characterization of H. falconeri,
assigning it to the “petromezophyton” ecomorphic
group and the forest ecological-cenotic group. Later,
such an extended range of altitude-ecological pref-
erences of H. falconeri was confirmed in Pakistan,
where it was found in forests within the altitudinal
range of 1800—-2800 m [40].

On the territory of SNPP “Kulsay kulderi”, in
the lower part of the river valley Taldy at an altitude
of 1692 m, there is the lowest in terms of altitude
and, apparently, the most numerous mountainous
population of this rare species in Kazakhstan. It
was first reported by researchers from the Institute
of Botany and the State Scientific and Production
Enterprise “Kulsay kulderi” [50]. A monitoring plot
was established there, where we began a more de-
tailed study of this species in 2018.

Having analyzed all the materials on the eco-
logical preferences of H. falconeri available to us,
it should be emphasized that this species is distrib-
uted from the lower part of the spruce belt (1690

m) to the upper part of the subalpine belt (herbari-
um specimens of V.P. Goloskokov and E. Gorbu-
nova from the passes Taldy and Merke). It grows
on rocks of various steepness and exposistions,
clearly preferring eastern and north-eastern expo-
sitions; less often it is found on north-western and
south-eastern slopes, and only single specimens
are available from southern slopes (Goloskokov,
herbarium). When substrate is considered, this spe-
cies prefers rocks and stony slopes, sometimes it is
found under spruce trees, and even less often, on
soddy slopes.

The plant communities with the participation of
H. falconeri are most often spruce forests, sparse
grass associations with shrubs on rocky outcrops, or
grass-forbs associations on hedged or stony slopes.
According to our descriptions supplemented by lit-
erature data [48], in the valley of the river Taldy
there are 107 species from 46 families. The most
species rich 13 families are: Asteraceae (12 spe-
cies), Fabaceae (9 species), Poaceae and Rosaceae
(8 species each), Ranunculaceae (6 species), Api-
aceae (5 species), Crassulaceae, Caryophyllaceae,
Orchidaceae, Lamiaceae, Geraniaceae, Papaverace-
ae, Primulaceae (3 species each). The share of spe-
cies from these families in the species list is about
64.5%. Nine families are represented by two spe-
cies, and the remaining 24 families, by one species
each. By the type of ecobiomorphs, herbaceous per-
ennials prevail; there are 15 tree and shrub species,
and only three annuals.

The most frequent companions of H. falconeri
that make up the floristic core of communities with
its participation are 15 species recorded in more than
half of the descriptions: Picea schrenkiana Fisch. et
C.A. Mey., Atragene sibirica L., Ribes meyeri Max-
im., Lonicera stenantha Pojark., Rosa alberti Regel,
Sedum hybridum L., Sedum ewersii Ledeb., Aegopo-
dium alpestre Ledeb., Fragaria vesca L., Geranium
collinum Steph., Galium turkestanicum Pobed., Poa
nemoralis L., Polypodium vulgare L., Kaufmannia
semenovii (Herd.) Regel, Rheum wittrockii Lundstr.
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Apart from H. falconeri, only the last two species
are listed in the Red Book of Kazakhstan (2014).
According to the ecological type, all of the flo-
ristic core species belong to the group of forest,
forest-meadow, or petro-lithophilic ecological-phy-
tocenotic elements according to I.I. Roldugin [39].

Morphology and morphological variability

H. falconeri is a very rare and poorly studied
plant, and the data on its morphology are limited to
brief descriptions in floristic summaries [16, 36, 40,
49], which practically do not differ from the origi-
nal description of T. Thomson [51] and the data
provided by S.V. Yuzepchuk [52] in “Flora of the
USSR”. In this regard, we consider it necessary to
provide the most complete description of the gen-
erative specimens of the species studied, taking into
account the available literature data and the results
of our studies of the population in the Taldy gorge.

H. falconeri is a perennial herb with a short, fi-
brous rhizome, on top of which there are membra-
nous oblong scales. There are few (3—12) leaves in
the basal rosette. The petioles are long, pubescent, the
plates are reniform-heart-shaped, divided into three
rounded-rhombic lobes, which, in turn, are incised
into 2-3 small lobes with obtuse or slightly pointed
teeth. There is usually a single stalk, and only occa-
sionally there are 2-4 stocks. The stock is thin, sinu-
ous, slightly pubescent, usually the same length or

slightly longer than leaves. A characteristic feature
of all representatives of the tribe Anemoneae includ-
ing the Hepatica species is the presence of a bracts
on the stem, formed by the whorls of the upper stem
leaves [21, 23]. According to S.V. Yuzepchuk, the
number of these leaves is 3-4, but according to our
observations, there are usually three narrow sessile,
entire leaves (we did not see a toothed leave even
once) [52]. Japanese botanists who studied samples
of H. falconeri from north-eastern Pakistan indicate
the shape of the veil leaves as one of the features
distinguishing this species from H. nobilis, as well
as making it similar to Anemone flaccida [32].

Flowers are single, bisexual, actinomorphic,
with a spiral arrangement of elements, the number
of which vary [21, 23]. The perianth is simple; its
sepals are white, ovate-oblong in shape, with a blunt
rounded apex. The data on the number of sepals are
very different: for the genus, 610, and for H. fal-
coneri, five or less often six sepals have been re-
ported [16, 52].

We examined 400 flowers in four areas of the H.
falconeri population on the left and right banks of
the lower part of the Taldy river valley (1694-1710
m) and obtained very different data. Flowers with
six sepals always predominate. On average, their
share is 94.5%. In the second place (3%), there are
flowers with five sepals. There are very few (1.7%)
flowers with seven sepals, and only single flowers
(0.3%) have eight sepals (Figures 2 and 3).

Figure 2 — Flowers of H. falconeri with different numbers of sepals
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Figure 3 — Distribution of H. falconeri flowers by the number of sepals, %.

Thus, for H. falconeri, we consider flowers with
six sepals to be the norm, while flowers with a re-
duced or increased number of sepals (5, 7, or 8) are
less common. At least, such a pattern has been es-
tablished for our research area. Therefore, it is nec-
essary to collect additional material on this subject
in other points of the species distribution range.

The numbers of other elements of the flower, an-
droecium and gynoecium, vary. The Hepatica fruit
is a multi-nutlet consisting of non-opening single-
seeded nutlets [53]. In the descriptions of the spe-
cies, the number of stamens and carpels is described
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as “indefinitely many”. We made an attempt to ana-
lyze this character using generative individuals in
one of the most numerous cenopopulations (Taldy,
eastern rubble slope, moss-and-ground elder spruce
forest, 1694 m above sea level). According to the
results of 50 surveys, the number of nutlets per one
fruit is very variable and ranges from five to sixteen,
averaging 10.04. The distribution of such individ-
uals is uneven: from 2 to 4% of individuals have
minimum (5-7) and maximum (12-16) numbers of
nutlets per one fruit, while up to 10% and even 20%
of individuals have 9-12 nutlets (Figure 4).

P

Figure 4 — Distribution of H. falconeri fruits by the number of nutlets, %
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Our research established that the number of
flowering stems in tufts of Hepatica falconeri is also
very variable. It is associated not only with the age
of generative individuals, but also with the habitat
conditions. These data were obtained when studying
two cenopopulations on the right bank of the river
Taldy, lower (1710 m) and upper (Tsar’s Gate gorge,
1914 m). In the first cenopopulation, the number of
flowering stems per one generative individual is on
average 1.68 = 0.16, and in the second, 1.4 + 0.16.

In both habitats, individuals with one generative
stem (and single flower) prevail. However, the share
of stronger individuals with three or four generative

stems in the cenopopulation at the lower border of
the species distribution is quite high (15.7% in to-
tal), while at the upper border the number of gen-
erative stems per individual does not exceed two. In
both cases, the proportions of individuals with one
generative stem were nearly the same, 57.9% and
60%, respectively.

According to our data (Table 2), one more pat-
tern can be observed. In individuals of the upper ce-
nopopulation (No. 2), the vegetative parts are more
developed: the average number of leaves per indi-
vidual is 7.9, while in individuals from the lower
cenopopulation, 6.1.

Table 2 — Morphometric characteristics of generative individuals of Hepatica falconeri in different cenopopulations

. Cenopopulation 1 Cenopopulation 2
Indicators
M=+m Cv, % M=+m Cv, %
Stem height, cm 13.80+0.51 23.93 12.90+0.57 13.89
4.05+0.14 21.61 4.40+0.16 11.70
Clump diameter, cm
2.59+0.09 21.43 3.3+0.15 14.63
Number of leaves 6.16+0.34 33.66 7.9+0.53 21.05
Number of sepals 5.95+0.03 4.71 6.10+0.23 12.13
Number of nutlets per one fruit 10.39+0.34 23.20 No data

At the same time, the indicators of the genera-
tive parts were lower in individuals of the upper ce-
nopopulation. In addition to differences in the num-
ber of flowering stems, there was also a decrease in
their height depending on the habitat (Table 2). It is
possible that this is due not only to the difference in
elevation, but also in the illumination. Both cenopo-
pulations are located on rocks, but the lower one is
on the rock with a north-western exposure, and the
upper one, with an eastern exposure.

The first results of our research indicate a high
morphological plasticity of H. falconeri and the
need for a more detailed study of this issue in other
populations and points of the distribution range.

One of the most important methods of preserv-
ing rare plants is their cultivation in a protected
environment. In this regard, H. falconeri has been
insufficiently studied. In Kazakhstan, the first liv-
ing plants were added to the collection of the ex-
perimental site “Rock garden” of the botanical

garden of Almaty, Institute of Botany and Phytoin-
troduction in 2017; there it still grows, blooms and
bears fruit irregularly [54]. Our experiments on the
cultivation of this species began in the fall of 2020
on an individual personal plot in the village Saty
(1444 m). The distance from the cultivation point
to the place of the species natural growth is about
30 km (Figure 5).

The survival rate of plants transferred from the
Taldy gorge (1692 m) was 100%. In 2021, the grow-
ing season started on March 20, the beginning of
flowering was on March 29, the massive flowering,
on April 17, and the end of flowering, on May 23.
The total duration of flowering was 55 days, and for
one flower, from 17 (first opened, April) to 6 days
(last opened, May). Post-generative vegetation con-
tinued until autumn snowfall (November). Thus, the
studied species is of great interest for landscaping as
an ornamental plant due to its early and long flower-
ing (about two months) [55].
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Figure 5 — Location of points of the natural growth
(1 — Taldy gorge) and cultivation (2 — village Saty).

Conclusion

As a result of our own surveys, H. falconeri
was found both on the northern and southern mac-
roslopes of the Kungei Alatau. Unfortunately, in
2021, the authors failed to find this species in Ket-
mentau and Dzhungarskiy Alatau indicated in the
literature and herbarium specimens, which points to
the need for repeated surveys in these regions. The
presence of H. falconeri in the Zailiyskiy Alatau
raises big questions, since it has not been confirmed
by any herbarium material.

The study of scattered coenopopulations of
H. falconeri in the Taldy gorge (northern macroslope
of the Kungei Alatau) confirmed that this species is a
forest element and belongs to the petromesophyton
ecomorph, because it grows from the lower part of
the spruce belt to the upper part of the subalpine belt,
preferring rocks and gravelly slopes of various steep-
ness and exposition. The lowest mountain population
of this species on the Kungey Alatau ridge was found
in the lower part of the Taldy river valley (1692 m).
In the same gorge, the floristic composition of plant
communities with the participation of H. falcon-
eri was studied in detail. It comprised 107 species
from 46 families. The 13 most species-rich families
(Asteraceae, Fabaceae, Poaceae, Rosaceae, Ranun-
culaceae, Apiaceae, Crassulaceae, Caryophyllaceae,
Orchidaceae, Lamiaceae, Geraniaceae, Papaveraceae

12

and Primulaceae) accounted for 64.5% of all species.
The composition of ecobiomorphs was dominated by
herbaceous perennials (89 species), followed by tree
and shrub species (15 species) and annuals (3 spe-
cies). The floristic core was formed by 15 species:
Picea schrenkiana, Atragene sibirica, Ribes meyeri,
Lonicera stenantha, Rosa alberti, Sedum hybridum,
Sedum ewersii, Aegopodium alpestre, Fragaria
vesca, Geranium collinum, Galium turkestanicum,
Poa nemoralis, Polypodium vulgare, Kaufmannia
semenovii, Rheum wittrockii, which are, by ecologi-
cal type, forest, forest-meadow or petro-lithophilic
ecological-phytocenotic elements.

We have verified some of the morphological
characteristic of H. falconeri. Thus, the bracts are
formed by three upper sessile, entire stem leaves,
and not by 3-4 toothed leaves, as reported in literary
sources. In addition, the number of sepals is usually
(in 94.5% of cases) six, very rarely (3%), five, and
only occasionally, 7-8. It is this morphometric indi-
cator that has a low level of the coefficient of vari-
ation and, possibly, is a stable trait for this species.

According to the results of the initial testing of
H. falconeri in cultivation (in the village Saty), it
was found that this species is of great interest for
landscaping as an ornamental plant due to its early
and long flowering and a long (until late autumn)
period of post-generative vegetation when plants re-
tain their decorative effect.
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