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EVOLUTIONARY DEVELOPMENT OF THE GENUS POPULUS L.
(SALICACEAE MIRB.) IN WESTERN KAZAKHSTAN

This article examines the origin, evolution, and phylogenetic relationships of the genus Populus
L. (poplars) within the family Salicaceae, with a focus on species occurring in Western Kazakhstan. An
integrative analysis of paleobotanical, morphological, and ecological data reveals the main pathways
of species formation and adaptation mechanisms of poplars in steppe and semi — desert environments.

Paleobotanical evidence shows that Populus L. diverged from its closest relative, Salix, in East Asia
at the end of the Cretaceous period (approximately 68 — 67 million years ago). In the study region, the
sections Leucoides, Tacamahaca, and Aigeiros were already established by the early Paleocene, with
some fossil remains dating to around 63 million years. From the Paleocene onward, poplars dispersed
into North America via high-latitude land bridges. The Trepidae subsection emerged between 15 and
3.5 million years ago, during the Miocene — Pliocene. These data confirm the key role of East Asia as the
primary center of origin and diversification of the genus.

Archaeological excavations near Taksai (Western Kazakhstan) uncovered Populus L. wood frag-
ments dated to 500 — 401 BC, demonstrating the long-term persistence of poplar floodplain ecosystems
in the region. Notably, P. x canescens is identified as one of the oldest natural hybrids of the genus,
known since the late Pliocene (about 3.5 million years ago).

The unique geomorphological and climatic features of Western Kazakhstan promote high ecologi-
cal plasticity, hybridization, and genetic diversity among Populus L. species. This makes the region an
important natural model for studying evolutionary processes, hybrid dynamics, and adaptive strategies
within the genus. The findings highlight the significance of local poplar populations for understanding
long-term environmental stability and provide a valuable basis for future studies on conservation, refor-
estation, and the management of floodplain ecosystems.

Keywords: Evolution of Populus, Populus systematics, paleobotany, Salicaceae, Western Kazakh-
stan.
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barbic Kasakcrtanaarbl Populus L. (Salicaceae mirb.)
TYbICbIHbIH, AAMY 3BOAIOLIMSCDI

Makanaaa 3epttey Populus L. (Tepek) TybICbIHbIH, LbIFY TEri MEH SBOAIOLIMSABIK, AAMY YAEpPiCTepiH,
Salicaceae TyKbIMAACBIHbIH (DUAOrEHETMKAAbIK, OPHbI MEH TapUXMU-reorpadmsAbIK, TapaAy epekLleAikTe-
piH Taapayra 6arbiTTasraH. XKymbicta baTtbic KasakcraHHbIH Taburn haOpacbiHAQ TapaAFaH TypAepre
epeklie Hasap ayAapblAbif, Mareob0TaHUKAAbIK, MOPGOAOTUAABIK, XKOHE DKOAOTUAAbIK, AEPEKTEPAIH,
WMHTErpaTmMBTi TaAAQYbl HETI3IHAE TEPEK TYPAEPIHIH KAAbINTACY KOAAAPbI MEH AdAQ XKOHE LUBAENT 3KO-
KyieAaepiHe GeniMAeAy TETIKTePI alkbiHAAAADI.

Populus L. Tybicbl COATYCTIK >KapTbl LIAPAbIH, KOHbIP>Ka OEAALYIHAE SBOAIOLIMSABIK, TYPFbIAAH Ta-
ObICTbI TapaAFaH TaKCOHAAPbIHbIH, Gipi GOAbIN caHaAaabl. [MaaeoboTaHMKaAbIK, MaTepuaaap Populus L.
MeH OHbIH eH >KakKblH TybICbl Salix (TaA) TybICbIHbIH (PMAOreHeTUKaAbIK, axkbipaybl LLIbiFbic A3usiaa bop
Ke3eHiHiH COHbIHAQ, lIaMaMeH 68 — 67 MMAAMOH >KbIA BYPbIH XKy3€ere ackaHblH KOpceTeAi. 3epTTey ait-
MarblHAQ epTe MaAeoLieH ke3eHiHAe Tepek TybICbiHbIH — Leucoides, Tacamahaca >xaHe Aigeiros cekums-
Aapbl KaAbinTackaH. Ocbl Adyipre >aTaTbiH Ka30a KaAAbIKTAPbIHbIH, iLIIHAE €H >Kacbl YAKEH LIaMameH
63 MUAAMOH >XbIA OOAQADI.

[NaAeoueHHeH GacTan TepekTep KYPAbIK, kenipAepi apkbiAbl COATYCTIK AMepurKa aymarbiHa GipHe-
e AMCNEPCUSIAbIK, KE3EHAEPMEH TapaAFaH.

15-3,5 MAH >bIA OypbiH Populus TybICbIHbIH MMOLIEH MEH MAMOLIEH Ke3eHaepiHae Trepidae kocaa-
Kbl cekumsicbl nanaa 60AAbl. 3epTTey 0apbICbIHAA TYbICTbIH, 3BOAIOLMSIABIK, KE3EHAEPI, (bruAoreHeTH-
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KaAbIK, 6aiiAaHbICTapbl XkaHe Populus TypAepiHiH, 6acTankpbl LWbIFY KeHe AMBepcudmKaLms OpPTaAbIfbl
peTiHae LLIbiFbIC A3MSHBIH LeLyLi POAI XaH-XKaK Tbl KapaCTbIPbIAAbI.

Takcai aybiAbl MaHbiHAQ (baTtbic KasakcTaH) >KyprisiAreH apXxeoAormsabik, Kazbasap 6apbiCbiHAQ
TabbiAFaH Populus aralubiHbIH KaAAbIKTapbl 0.3.A. 500 — 401 >bianaapra XKaTKbI3bIAAbL. ByA AepekTep
ariMaKTarbl TEPEKTEPAIH >KalblAMa 3KOXXYMEAEpiHiH eTe epTeaeH 6epi CakTaAbImn KeAe XKaTKaHblH Ad-
AeApenAi. Epekiie MaHbi3Fa e TypAepaiH 6ipi — P. x canescens, wamameH 3,5 MUAAMOH XKbIA BGYPbIHFbI
KeLll MAMOLEH Ke3eHiHEeH OeATIAI eH KeHe Taburn rmbpuAaTepAiH 6ipi eKeHi aHbIKTaAAbI.

baTbic KasakcTaHHbIH Giperert reoMopgOAOTMSIAbIK, KOHE KAMMATTbIK, XKaFAaiAapbl >karbiAMa Op-
MaHAApPAaFbl TEPEK TYbIChbl TYPAEPHIH 3KOAOTUSIAbIK, IKEMAIAITIH, TMOPUAM3ALMSCbIH apTTbIPyFa bIKMaA
eTeTiHi kepceTiaai. bya anmak, Populus L. TybICbIHbIH 3BOAIOLMSIAbIK, YAEPICTEPIH XXoHe 6erniMAeAy CT-
paternsAapbliH 3epTTey YLliH MaHbI3Abl MOAEAbAIK ayMak, GOAbIN TabblAaAbI.

Tyiin cesaep: Populus sBoawoumscol, Populus cucTtumaTtmkacbl (OKyeAaeHyi), naaeoboTaHuka,
Salicaceae, batbic KasakcraH.

P.K. AHaToamit, M.C. Kypmanb6aesa’, A.D. Kapabaraesa

Kazaxckuit HauMOHaAbHbIN YHMUBEPCUMTET UM. aAb-Dapabu, AamaTbl, KasaxcraH
*e-mail: meruyert.kurmanbayeva@kaznu.edu.kz

DBOAIOLIMOHHOE pa3BuTHe poaa Populus L. ( Salicaceae Mirb.)
B 3anapaHom KasaxcraHne

B cTaTbe MCCAEAYIOTCS MPOMCXOXKAEHUE M 3BOAIOLIMOHHbIE MPOLIECChl pa3BnTus posa Populus L.
(Tonoab), hnaoreHeTyeckoe rnoAoxkeHne cemerictea Salicaceae, a Tak)xe 0CO6€HHOCTU MCTOPUKO-TEO-
rpachMyeckoro pacrnpocTpaHeHust ero npeactasuteaein. Ocoboe BHUMaHME YAEAEHO BMAAM, Pacnpo-
CTPaHEHHbIM B NPUPoAHON haope 3anaaHoro KasaxcraHa. Ha ocHOBe KOMMAEKCHOrO aHaAM3a MaAeo-
60oTaHMYECKMX, MOPMOAOTMYECKMX U 3KOAOTMUYECKMX AQHHbIX BbISIBAEHbI MyTH (POPMMPOBAHUS BUAOB
TOMOAEN N MEXaHM3MbI MX aAQMTALMKM K CTEMHBIM M MOAYMYCTbIHHBIM 3KOCUMCTEMAM.

Poa Populus L. sBAsieTCS OAHOM M3 3BOAIOLMOHHO HamMbOAee yCrellHbIX rpyrnn APeBeCHbIX pac-
TeHW ymepeHHoro nosica CeBepHoro noAyiapums. NareoboTaHnueckne MaTepuanbl CBUAETEAbCTBY-
0T, UTO mAoreHeTmyeckoe pacxoxaeHune Populus n ero 6avkaiiiero poACTBeHHMKa — poaa Salix
(vBa) — NnpomsowAo B BocTouHOM A3MM B KOHLIE MEAOBOIO MepUoAd, NMPpUMEpPHO 68—67 MAH AeT Ha-
3aA. Ha TeppuTtopun Mccaea0BaHMs B paHHEM MaAeolieHe ChOpMMPOBaAMCh cekummn poasa Populus:
Leucoides, Tacamahaca n Aigeiros. Cpeamn MCKOMaeMbix OCTaTKOB 3TOr0 Nepruosa camble APEBHME Ad-
TUPYIOTCS NMPUOAMBUTEABHO 63 MAH AET.

HaunHag ¢ naneoLieHa, TOMOAS PaCNpPOCTPaHSAMCh Ha TeppuTopuio CeBepHO AMepUKM Yepes cy-
LLIeCTBOBaBLUME CyLUeBble MOCTbI, MPOXOAS HECKOABKO AMCMEPCMOHHBIX 3TanoB. B uHTepBare 15-3,5
MAH AET Ha3aA, B MMOLIEHE M MAMOLIEHe, chopMmupoBaAach noacekums Trepidae. B xoae nccaepoBaHus
NMOAPOGHO PACCMOTPEHbI IBOAIOLIMOHHbIE 3Tarbl POAQ, €ro (hMAOrEeHETUYECKME CBS3M U KAIOYEBAsi POAb
BocTouHom A3MmM Kak NepBOHAYaAbHOIO LIEHTPA MPOUCXOXKAEHMS U aAnBepcmndmkaumm Populus L.

[Npn apxeoAormyeckmx packorikax B panoHe ceaa Takcan (3anaaHbii KasaxctaH) o6GHapy>keHbl
dparmeHTbl ApeBecutbl Populus, aatpyembie 500—401 rr. A0 H. 3. DT HaXOAKM MOATBEP>KAQIOT CO-
XPpaHeHWe YCTOMUMBbIX MOMMEHHBIX TOMOAEBbIX 3KOCMCTEM PErMoHa Ha NMPOTSIXKEHNN MHOTMX CTOAETUI.
Ocobblii MHTepec npeacTaBaseT BuA Populus — canescens, OAMH U3 APEBHEMLIMX M3BECTHbIX ecTe-
CTBEHHbIX TMOPUAOB, MPOUCXOXKAEHUE KOTOPOIO MPOCAEXKMBAETCS AO MO3AHErO MAMOLIEHA — OKOAO 3,5
MAH A€T Ha3aA.

[NokaszaHo, YTO yHMKaAbHble reOMOPMOAOTMYECKME N KAMMATUYECKME YCAOBMS 3anaaHoro Kasax-
CTaHa Crnoco6CTBYIOT MOBbILIEHHOW IKOAOTMYECKOM MAACTUUHOCTM M rMBPUAM3ALIMM NPEACTABUTEAEN
poaa Populus B nonmeHHbIX Aecax. PEermoH SBASeTcst BaXKHOM MOAEAbHOM TEPPUTOPUEI AASI U3YYEHUS]
SBOAIOLIMOHHBIX MPOLLECCOB M aAANTALMOHHBIX CTPATErMiA TOMOAEN.

KaroueBblie caoBa: sBoaoums Populus, cuctematnka Populus, naneo6otanumka, Salicaceae, 3anaa-
HbI KazaxcraH.

Introduction

There are about 110 species of poplars on the
globe, of which 15 species of poplars are found in
the wild flora of Kazakhstan [1].

The genus Populus L. is broadly distributed
across the Northern Hemisphere, where numerous
species play significant ecological and economic

roles. Representatives of the genus are notable for
their rapid growth rates, high tolerance to environ-
mental stressors, strong vegetative propagation ca-
pacity, and the wide-ranging use of their wood in
various industries [3;4].

The genus Populus L. belongs to the family
Salicaceae, order Salicales Lindley (Salicinales),
superorder Dillenianae, subclass Dilleniidae, class
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Magnoliatae (Dicotyledones), and the division
Magnoliophyta (Angiospermae).

According to studies by A. L. Takhtajan, the
simple structure of the flowers in Salicales is a sec-
ondary feature that evolved as an adaptation to wind
pollination. For this reason, he places this family
in the subclass Dilleniidae and the superorder Dil-
lenianae. In his works, Takhtajan — drawing on the
research of N. Hallier (1911, 1912, 1918), H.Gobi
(1916), A. Cronquist (1957), and M. Gzyryan
(1955) — argues that the family Salicaceae origi-
nated from Flacourtiaceae, a hypothesis supported
by similarities in the wood anatomy and floral mor-
phology of these families [5].

It is believed that the flowers of Salicales
evolved from bisexual, insect-pollinated flowers
with a normally developed perianth. This hypoth-
esis is supported by pronounced rudimentary pro-
cesses observed in Salicaceae flowers and by the
presence of atavistic abnormalities, including the
occasional formation of bisexual flowers. Thus, the
reduction of the perianth and the shift to wind pol-
lination are regarded as relatively recent evolution-
ary changes associated with the specialization of
the family.

The family Salicaceae is relatively small in terms
of the number of genera and species. It is primar-
ily composed of three genera: the widespread and
ecologically important Populus, the highly diverse
genus Salix L., and the small, relict genus Chose-
nia Nakai, which occupies an intermediate position
between willows and poplars. These genera share
several morphological and anatomical features, in-
cluding similarities in wood structure, seeds, and
reproductive organs.

One of the best-studied and economically im-
portant genera of the family is Populus. In 1947, the
International Poplar Commission approved a divi-
sion of this genus into five sections: Leuce Duby,
Aigeiros Duby, Tacamahaca Spach, Leucoides
Spach, and Turanga Bge. For many decades, this
classification served as a basis for botanical and for-
estry research, since the sections reflect both mor-
phological distinctions and ecological specialization
among poplar groups.

In the following decades, various attempts were
made to clarify the intra- and interspecific relation-
ships within the genus. For example, S. Ya. Sokolov
(1951) proposed his own system, dividing Populus
into three subgenera: Turanga Bge., Leuce Duby,
and Eupopulus Dode. His classification incorporated
wood and bud morphology as well as biogeographi-
cal patterns, which made it convenient for floristic
and dendrological studies.
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Later, R. V. Kamelin (1973), analyzing the de-
gree of primitiveness and evolutionary advancement
of particular traits, recognized five subgenera: Tsavo
(Iarn.) R. Kam., Turanga (Bunge) Dode, Tacama-
haca (Spach) R. Kam., and Populus. Of particular
interest is that Kamelin elevated Tsavo to the rank of
subgenus, emphasizing the pronounced morpholog-
ical and evolutionary distinctiveness of this lineage
[6]. His approach was based on a broad comparative
analysis that included not only morphology but also
ecological characteristics.

S. K. Cherepanov, who published an extensive
floristic review in 1973, adhered to a more conserva-
tive viewpoint and recognized only three subgenera:
Balsamifera Bugala, Populus, and Turanga (Bunge)
Dode [7]. His classification prioritized practical flo-
ristic usability and taxonomic stability, making it
suitable for identification guides and regional bo-
tanical treatments.

In the present study, we follow the classifica-
tion proposed by F. Guinier, which has gained wide
acceptance among botanists and foresters and is
used by specialists both in Kazakhstan and abroad.
Guinier’s system is noted for its logical structure
and good correspondence with morphological and
evolutionary data.

According to Guinier’s classification, the
genus Populus is divided into five sections:
— Turanga (Bge.), which includes ancient and xe-
rophytic forms found primarily in arid regions;
Leuce Duby (white poplars), characterized by
light bark and distinctly white-tomented leaves;
Aigeiros Duby (black poplars), widespread along
river floodplains and known for their ecological
plasticity; Tacamahaca Spach (balsam poplars), dis-
tinguished by their aromatic resinous buds and high
frost resistance; Leucoides Spach, a relatively rare
group notable for its distinctive fruit structure [8].

Thus, the diversity of approaches to the system-
atics of Populus reflects the complexity and ancient
history of its evolution, as well as the considerable
variability of its morphological traits. Guinier’s
classification appears most suitable for practical
application, as it integrates morphological, biogeo-
graphical, and ecological criteria.

The systematics of Populus L. remains the sub-
ject of ongoing debate, particularly concerning the
rank of individual taxa, their nomenclature, and
phylogenetic relationships.

These discrepancies are related to the high vari-
ability of Populus L. species across different geo-
graphical regions, which greatly complicates the
establishment of clear morphological boundaries
between subgenera and sections.
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Throughout the twentieth century, numerous
classification schemes were proposed, each reflect-
ing attempts to organize the considerable intra- and
interspecific diversity of the genus.

V. L. Komarov (1934) distinguished five major
taxonomic groups within the genus Populus: white
poplars (Leuce Duby), black poplars (dAigeiros
Duby), aspens (Trepidae Dode), turangas (Turanga
Bge.), and balsam poplars (Tacamahaca Spach) [9].
This system was among the first attempts to inte-
grate morphological, ecological, and geographical
characteristics, which made it possible to structure
the diversity of the genus to some extent.

Western Kazakhstan represents a unique natural
region that combines features of steppe, semi-des-
ert, and floodplain ecosystems. This combination of
landscapes makes the area particularly valuable for
botanical, biogeographical, and evolutionary stud-
ies. Both native poplar species, adapted to local cli-
matic contrasts, and introduced species used in ur-
ban landscaping and forest reclamation occur here.
Their coexistence creates favorable conditions for
studying hybridization, adaptation, introgression,
and natural selection within the genus Populus. It
is especially noteworthy that many species and hy-
brids in Western Kazakhstan exhibit a high degree
of ecological plasticity, making the region a kind of
“natural laboratory” for exploring evolutionary pro-
cesses in the genus.

The origin and geological development of the
West Kazakhstan region are closely linked to pro-
cesses occurring within the Precaspian tectonic de-
pression. This depression, bounded by major fault
zones, is the deepest subsiding block of the East Eu-
ropean Platform. The geological structure of the re-
gion has had a profound impact on its present — day
landscape, hydrological network, and vegetation
patterns.

Without delving into the full complexity of the
region’s geological history, we highlight only those
aspects most relevant to the formation of its mod-
ern landscape. The main features of the surface of
West Kazakhstan were established before the Qua-
ternary period, beginning in the Paleogene. During
this time, sedimentation, subsidence, and uplift oc-
curred, producing a mosaic of elevations, depres-
sions, ancient terraces, and drainage lines. These
geomorphological features played an important role
in shaping vegetation distribution, including natural
habitats of various poplar species.

Beginning in the Paleogene, several areas of
Western Kazakhstan began to rise above sea level,
most notably the Obshchiy Syrt and the Podural

Plateau. In the Pliocene (upper Neogene), renewed
subsidence of part of the Obshchiy Syrt allowed
the waters of the extensive Akchagyl Basin of the
ancient Caspian Sea — existing roughly 1.7 million
years ago — to once again occupy large parts of the
region. However, it is believed that the Akchagyl
transgression did not inundate the Podural Plateau,
as this area was experiencing uplift at the time.

Amid regional neotectonic uplift, local eleva-
tions and depressions formed within the plateau
as a result of salt-dome activity. Consequently, the
surface of the West Kazakhstan region within the
Podural Plateau has not been submerged by marine
transgressions since the mid-Paleogene and repre-
sents the oldest portion of the landscape.

After the retreat of the Akchagyl Sea, a further
significant uplift of the Obshchiy Syrt occurred,
preventing subsequent Caspian transgressions from
reaching this area. As a result, the northern part of
the region — lying 80 — 100 meters above sea lev-
el —is composed of heavily eroded Mesozoic (main-
ly Cretaceous) and Paleogene marine deposits.

On the pre-Akchagyl surface along the pres-
ent — day Ural River valley, a submeridional scarp
and a major fault zone can be traced. These struc-
tures likely played a decisive role in determining the
position of the Ural Valley during the regression of
the Lower Khvalyn Basin. Due to Quaternary tec-
tonic movements, an elevated step formed beneath
the Obshchiy Syrt, on which the high Lower Khva-
lyn terrace of the Caspian Sea developed, character-
ized by thin Quaternary deposits.

The southern part of the region, located along
the zero-metre contour, is underlain by an ancient
bedrock uplift that determined the shoreline of the
Upper Khvalyn Basin. This uplift is also believed
to be responsible for the endorheic nature of several
small steppe rivers that do not flow into major drain-
age systems.

The aim of this study is to analyze the origin
and evolution of the genus Populus L. in the context
of the natural conditions of Western Kazakhstan,
identify key factors influencing species distribution,
ecological plasticity, and variability, and assess the
role of hybrid forms in shaping local populations
and their adaptation to the geomorphological and
climatic features of the region.

Materials and methods
The study is based on an analysis of scientific

literature on the systematics, phylogeny, paleobot-
any, and evolutionary history of the genus Populus
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L. Sources published between 1905 and 2024 were
examined. A comparative and analytical review of
different taxonomic approaches and their correspon-
dence to modern molecular-phylogenetic data was
carried out. Latin names of vascular plants were
verified using the IPNI and POWO databases.

Wood fragments were obtained during archaeo-
logical excavations in the village of Taksai, Terek-
tinsky District, West Kazakhstan Region. Samples
were collected from a depth of 1.3 — 5.0 m. After
preliminary cleaning, the specimens were described
and photographed under standardized lighting con-
ditions.

Thin sections (transverse, radial, and tangential)
were prepared following the standard IAWA (2004)
protocol. Microscopic examination was performed
using a Leica DM500 microscope.The following an-
atomical parameters were measured:vessel diameter
,vessel density (no./mm?); fiber wall thickness, size
and height of wood rays.

In this study, no quantitative statistical methods
were applied, as the research is analytical and com-
parative in nature and is based on the examination
of published taxonomic, phylogenetic, morphologi-
cal, and paleobotanical data. Instead of numerical
analysis, a qualitative comparative approach was
employed to identify points of concordance and di-
vergence among various classification systems of
the genus Populus L. proposed by different domes-
tic and international researchers over time.

In comparing the works of Dode (1905), Ko-
marov (1934), Sokolov (1951), Kamelin (1973),
Cherepanov (1973), Eckenwalder (1996), Skvortsov
(2010), as well as modern molecular studies (Cer-
vera et al., Wang et al., Liu et al., Zhang et al., Zong
et al.) [10], a structural taxonomic comparison ap-
proach was employed. This included: (1) a compar-
ative analysis of taxa of the same rank proposed by
different authors, and an evaluation of the stability
of taxonomic characters used across various clas-
sification systems (leaf morphology, bud structure,
wood anatomy, pollen, seeds); and (2) a comparison
of historical — biogeographical scenarios of origin,
particularly the East Asian versus North American
hypotheses.

Particular attention was given to assessing
the consistency among different sources of evi-
dence — morphological, paleobotanical, and geo-
graphical. This made it possible to integrate the
findings into a unified conceptual framework that
characterizes the evolutionary development of the
genus within the environmental context of Western
Kazakhstan.
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Results and discussion

A.L. Takhdajian [11] believes that the family
Salicaceae is the closest to the family Tamarica-
les, especially Violates, in the structure of the gy-
noecium and a number of other features, and could
have originated from Flaoourtiaceae, with which it
is similar in the anatomical structure of wood and
morphology of flowers. Poplar species are charac-
terized by a diploid set of chromosomes (2 n =3 8),
some of them have an autotriploid set (2 n=57) —
P.alba L., P. tremula L., P. nigra L.- and even au-
totetraploid (2 n=7 6 ), in P. x canescens a form
with an allotriploid set of chromosomes 2 n = 57 is
known [12].

OECD reports report systematics and genus re-
mains a subject of scientific debate [13]. To date,
there are several scientific approaches to the sys-
tematics of the genus Populus, reflecting both mor-
phological and molecular-genetic diversity of repre-
sentatives. The most significant classifications were
proposed by such researchers as Dode (1905), Kom-
arov (1934, 1936), Kamelin (1973), Zsuffa (1975),
Starova (1980), Eckenwalder (1996), and Skvortsov
(2010), each of which takes into account the pecu-
liarities of the structure of leaves, buds, flowers, and
species ranges [141].

Despite the considerable number of studies de-
voted to the systematics and phylogeny of Populus
L., the internal relationships among its major sec-
tions and the precise delineation of their taxonomic
boundaries remain incompletely resolved. This per-
sistent ambiguity is largely attributable to several
complicating factors, including extensive natural
and artificial hybridization, pronounced morpholog-
ical plasticity, and substantial discrepancies in the
interpretation of diagnostic characters among differ-
ent authors. Such inconsistencies are evident in the
works of Cervera et al. (2005), Cronk (2005), Wang
et al. (2014), Liu et al. (2017), Zhang et al. (2017,
2018), Zhou et al. (2018), and Zong et al. (2019)
[15,16].

The question of the actual number of species
within the genus Populus has likewise long been a
matter of scientific debate, with estimates varying
widely among researchers. The greatest divergence
in opinion is observed in the works of Chinese bota-
nists, who typically recognize a substantially larger
number of species than their Western counterparts
(Fang et al., 1999; Wan & Zhang, 2013; [17]. As a
result, specialists from other regions consider these
traits unreliable, which complicates the accurate de-
limitation of species. At present, two primary hy-
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potheses address the origin of the genus Populus:
the North American hypothesis and the East Asian
hypothesis. The North American hypothesis pos-
its that poplars originated in the Eocene of North
America and subsequently dispersed into Eurasia
by way of Paleogene land bridges (J.M. Murillo,
2004; Manchester et al., 2006; D. Kalivas 2013; A.
Sasmaz, 2016) [20]. A key line of evidence is the
existence of Populus mexicana Wesm. ex DC., the
only extant representative of section Abaso, which
today is restricted to the warm regions of Mexico.
Fossil evidence indicates that ancient members of
Abaso were once widely distributed, extending as
far north as Alaska. The earliest fossil remains ten-
tatively assigned to Populus are derived from Paleo-
cene deposits of North America and date to approxi-
mately 58 million years ago. Modern P. mexicana
shows pronounced morphological affinity to the
well-substantiated fossil species P. wilmattae Cock-
rell, discovered in Middle Eocene strata (~48 Ma) of
northeastern Utah [21]. This fossil taxon is widely
employed as a calibration point in molecular phylo-
genetic analyses [22].

The early Paleogene fossil floras of Kamchatka
likewise contain abundant poplar remains, indicat-
ing that the genus was already well established in
northern Asia during this period. According to Bu-
dantsev (2006), the formation of the Paleogene flora
in the western part of Kamchatka, which took place
during the Late Paleocene — Early Eocene (approxi-
mately 55 — 60 million years ago), was accompanied
by the disappearance of several Mesozoic conifer
taxa, such as Ginkgo kamtschatica, Metasequoia oc-
cidentalis, and Trochodendroides arctica, while cer-
tain representatives of the Cretaceous period, partic-
ularly Platanus basicordata, persisted. During this
transitional period into the Cenozoic era, new flo-
ristic elements began to appear, including the early
representatives of the genus Populus [23]. Accord-
ing to modern phylogenetic reconstructions, the fos-
sil remains of Populus discovered in these deposits
represent geologically ancient forms that align well
with the current understanding of poplar evolution.
Molecular and paleobotanical evidence indicates
that the divergence between the genera Populus and
Salix occurred during the Late Cretaceous (approxi-
mately 68 — 67 million years ago), marking one of
the earliest branching events within the Salicaceae
family. This separation coincided with significant
global climatic changes and the rapid diversification
of angiosperms. Additional biogeographic studies
suggest that Populus most likely originated in East
Asia, which acted as a major evolutionary center

for early representatives of temperate woody flora.
From this region, ancestral poplar lineages subse-
quently migrated to North America, Europe, and
North Africa, likely using high-latitude land bridges
such as Beringia during warmer climatic phases of
the Paleogene [23]. Such migrations created condi-
tions for early diversification within the genus and
contributed to the formation of several distinct evo-
lutionary lineages. In the works of Du et al. (2022),
the section Populus (Leuce), which encompasses the
white poplars, is consistently regarded as a mono-
phyletic lineage [24]. This conclusion is supported
by concordant data from both morphological char-
acteristics — such as leaf structure, bark texture, and
seed morphology — and molecular markers including
chloroplast and nuclear DNA. The section is further
distinguished by clear reproductive barriers with
other sections, indicating long-term evolutionary
isolation. Recent phylogenomic analyses also rein-
force the early divergence of the Populus (Leuce)
lineage, suggesting that it may represent one of the
oldest surviving branches within the genus. Fossil
evidence from the Paleogene of Eurasia, combined
with molecular clock estimates, supports the hypoth-
esis that the evolutionary history of the white pop-
lars spans more than 50 million years. This makes
the group particularly valuable for understanding
long-term patterns of adaptation, hybridization, and
biogeographic dispersal within Populus.

This section also exhibits near — complete re-
productive isolation from the other sections of the
genus. The subsection A/bidae (commonly referred
to as the silver poplars; see Table 1) is currently rep-
resented by only a single extant Eurasian species,
P.alba L. In contrast, the North American represen-
tatives of this lineage constitute evolutionary deriv-
atives confined primarily to the montane regions of
tropical Mexico, within the Madrean floristic sub-
kingdom. It is presumed that their ancestral forms
dispersed into North America during the Paleocene—
Eocene interval, shortly after the earliest progeni-
tors of the genus Populus colonized the continent.
Comparable to members of section Turanga, the ex-
tant taxa of subsection A/bidae are widely regarded
as relict components of the Madrean — Tethyan flo-
ristic region, preserving ancient biogeographic sig-
natures that trace back to early Cenozoic vegetation
dynamics.

The analysis of biometric traits and fluctuating
asymmetry of the leaf blade revealed clear morpho-
logical differentiation among the examined sections
of Populus. The observed patterns of variation pro-
vide important insights into their taxonomic rela-
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tionships, adaptive strategies, and microevolution-
ary dynamics.

The consistently larger leaf dimensions recorded
for section Aigeiros align with its known ecological
association with more mesic environments, where
broader and longer leaves contribute to enhanced
photosynthetic capacity. In contrast, the smaller leaf
sizes characteristic of Trepidae likely reflect adapta-
tion to drier or more continental habitats, where re-
duced transpiration and smaller lamina surface area
are advantageous. The intermediate values found in
Albidae suggest ecological flexibility and occupa-
tion of transitional environmental niches (Table 1).

Intraspecific variability, expressed through co-
efficients of variation ranging from 9 to 25%, high-
lights substantial morphological plasticity within the
studied groups. Such variability is important for un-
derstanding microevolutionary processes and poten-

tial pathways of divergence. The fluctuating asym-
metry values, used as an indicator of developmental
stability, further support the presence of differential
environmental pressures acting upon the taxa.

A notable finding is that the morphometric pa-
rameters of Albidae exceed those of the parental
species. This pattern can be interpreted as evidence
of somatic and adaptive heterosis, reflecting en-
hanced growth performance and increased ecologi-
cal fitness. The morphological distinctness of Albi-
dae from both parental forms provides additional
support for its taxonomic autonomy and confirms
its intermediate but well-defined position within the
genus.

The results not only strengthen existing taxo-
nomic concepts but also contribute to understanding
the evolutionary trajectories of these groups in the
environmental context of Western Kazakhstan.

Table 1 — Biometric characteristics of the leaf blade in the sections Albidae, Trepidae, and Aigeiros

Indicators Albidae | Trepidae Aigeiros
Leaf blade length, cm
Mcp 6,5 495 7,14
+m 0,50 0,54 0,3
Kv 9,7 15,0 9,7
Maximum leaf blade width, cm
Mcp 4,5 4,35 5,65
+m 0,73 0,56 0,60
Kv 18,7 17,2 9.9
Petiole length, cm
Mcp 6,46 3,01 5,84
+m 2,07 0,39 0,73
Kv 16,9 20,2 12,6
Distance between the widest part of the leaf blade and its base, cm
Mcp 3,32 1,96 3,52
+m 0,14 0,71 0,3
Kv 10,6 22 2,78

The biometric characteristics of the leaf blade
clearly distinguish the sections Albidae, Trepidae,
and Aigeiros. The largest leaf dimensions are ob-
served in Aigeiros, reflecting its adaptation to more
humid environmental conditions. Albidae occupies
an intermediate position across all parameters. The
smallest values occur in Trepidae, indicating adap-
tation to drier or more continental habitats. These
differences confirm the diagnostic significance of
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leaf morphometry in delimiting the sections of the
genus Populus.

The subsection Albidae (the silver poplars; see
Table 2) currently includes only a single modern
Eurasian species, P. alba L. Their ancestral forms
are thought to have entered North America during
or shortly after the colonization of the continent
by the ancestors of the Abaso lineage in the Paleo-
cene — Eocene. As with representatives of section
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Turanga, modern Albidae taxa are regarded as re-
lictual elements of the Madrean — Tethyan floristic
region.

Paleobotanical evidence for fossil representa-
tives of the subsection Albidae is sparse, and all
currently known occurrences originate from the
European sector of Eurasia [25]. From Late Plio-

cene deposits of Kazakhstan, the species P. gokh-
tuniae Gabrielyan sp. nov. has been described,
exhibiting a high degree of morphological similar-
ity to modern P. alba (Table 3). P. alba itself is
reliably documented in the fossil record beginning
in the Pliocene, approximately 5 million years ago
[26].

Table 2 — Evolutionary timeline of modern species in the genus Populus, section Populus (Leuce)

Name of taxon Time of occurrence

Geographical localization of poplars of Kazakhstan

Subsection Albidae

P. alba Pliocene

Otrogo general syrt, Tobyl-Ishim, Irtysh, Semipalatinsk hog, Aktobe, Zaisan,
Balkhash-Alakul.

P. % canescens Late Pliocene

Altai.

Semipalatinsk hog, Aktobe, Turgai, Karaganda, Aktogai (Kounradsky), Zaisan,

Subsection Trepidae

P. tremula Pliocene

Alatau.

Otrogo Common Syrt, Tobyl-Ishim, Irtysh, Semipalatinsk Hog, Kokchetav, Pre-
Caspian, Aktobe, Mugodzhary, Turgai, Western and Eastern Cretaceous, Zaisan,
Altai, Tarbagatai, Dzungarian Alatau, Zailin Kungai Alatau, Ketmen-Terskey

Research indicates that the hybrid forms within
the section Populus have a very ancient origin, and
this conclusion is increasingly supported by new
evidence. Introgressive hybridization is recognized
as a key component of the reticulate evolution of
the genus Populus. However, information regard-
ing the timing of the emergence of modern spon-
taneous hybrids remains extremely limited and
fragmentary. Perhaps one of the few exceptions is
Populus x canescens (Aiton) Sm. — a natural spon-
taneous hybrid growing in the central floodplain of
the Ural River.

P. alba and P. tremula species with close vari-
ability are known from the late Miocene and early
Pliocene, and P. X canescens itself is recorded from
the late Pliocene about 3.5 million years ago (Table
2) from the territory of modern Armenia [25;27].

The object of the study are fragments of tree trunk
found during archaeological excavations conducted
by archaeologist Amangeldieva Yana on the terri-
tory of Taksai village of Terektinsky district of West
Kazakhstan region (GPS-coordinates: 51°19.635'N,
52°17.472'E; 51°19.590'N, 52°17.529'E).

The analysis showed that the morphological
features of the specimens allow us to assign them
to the genus Populus L. In terms of trunk structure
and fiber characteristics, these remains are similar

to species belonging to the Albidae subsection of
the Aigeiros section (Fig.1). Radiocarbon dating
showed that the age of these specimens corresponds
to approximately 500 — 401 BC.

Despite the fact that this period belongs to the
ancient time in the historical scale, the paleobotani-
cal data testify to the wide distribution of represen-
tatives of the poplar genus (Populus L.) along the
Uralsk since ancient times. These data confirm that
floodplain forests in the Uralsk region have been
preserved as sustainable bioecological systems for
a long time.

The subsection Trepidae — Aspidae is relatively
richly represented in the fossil record. However, in
contrast to other numerous groups, such as Tacama-
haca, aspens were not characterized by diversity in
the Paleogene; their peak of prosperity was in the
Miocene (Table 2).

The peak of evolutionary development within
the subsection Trepidae occurred during the Mio-
cene. In the Early Miocene, the species P. tremulifo-
lia Sap. was recorded in the territory of Kazakhstan,
whose ancestral forms later became widely distrib-
uted across Eastern Europe and the Caucasus. An-
other noteworthy finding within the Early Miocene
flora of Kazakhstan is the presence of P. orzhilanen-
sis Kornilova [28].
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Figure 1 — Samples of Populus L. species discovered as a result of the paleobotanical study

Within Eurasia, the youngest representative of
this subsection is P. tremula L., whose fossil remains
have been identified in Pliocene deposits of Arme-
nia, dated to approximately five million years ago.

In North America, ancestral lineages of modern
aspens began to expand across the continent dur-
ing the second half of the Miocene. By the end of
this epoch, these ancestral populations had already
diverged into two distinct species — P. tremuloides
Michaux and P. grandidentata Michaux [29].

Long-term studies by Z. S. Wang and colleagues
indicate that the section Aigeiros — the black pop-
lars (Populus nigra L.) — represents one of the most
evolutionarily advanced lineages within the genus
Populus (Table 3). According to phylogenetic data,
the origin of the sections Aigeiros and Tacamaha-
ca is likely hybrid in nature, having formed during
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the early stages of the genus’s evolutionary history
[30]. It is assumed that species of section Aigeiros
emerged as a result of ancient hybridization events
involving ancestral lineages of the sections Populus
and Tacamahaca. At the initial stages of divergence,
genetic differentiation among these lineages was
minimal, which is supported by evidence of ancient
plastid capture resulting from interlineage hybrid-
ization.

A notable example is Populus nigra, whose or-
igin is linked to an ancient hybrid lineage formed
through crosses between ancestral black and white
poplars. Analyses of chloroplast DNA reveal a high
degree of similarity between the plastid genomes of
P. nigra and species of the section Populus, provid-
ing strong evidence for an event of ancient plastid
capture [31].
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Table 3 — Divergence times of modern Populus species in the sections Leucoides and Aigeiros

Name of taxon Time of emergence

Geographical localization of poplars of Kazakhstan

Section Aigeiros

P. nigra Pliocene

Otrogo general syrt, Tobyl-Ishim, Irtysh, Semipalatinsk hog,
Kokchetav., Aktobe, Mugodzhary, Western Shallow Soil, Eastern

Shallow Soil, Zaisan, Altai.

At the same time, nuclear DNA markers and
morphological characteristics reported by Cervera
et al. (2005) and Wang et al. (2014) consistently
place P. nigra within the section Aigeiros, confirm-
ing its distinctiveness and phylogenetic cohesion.
It is noteworthy that natural hybridization between
representatives of the sections Aigeiros and Popu-
lus no longer occurs under present-day conditions,
whereas hybridization among species of the sec-
tions Aigeiros, Tacamahaca, and Leucoides is still
observed [32].

The earliest fossil remains resembling modern
P. nigra — designated as P. c¢f. nigra — have been re-
covered from Miocene deposits in the Kochkor Ba-
sin of Kyrgyzstan [33]. Analysis of paleontological
materials shows that the fossil remains of P. nigra
date back to the Pliocene, with an estimated age of
around five million years. Morphologically similar
and diagnostically comparable specimens have also
been identified in Late Pliocene deposits of Arme-
nia, confirming that ancestral forms of P. nigra were
already widely distributed across Eurasia by the end
of the Neogene [34]. These findings indicate that the
evolutionary lineage of black poplars developed on
the Eurasian continent significantly earlier than in
North America. In North America, the earliest fos-
sil evidence of representatives of section Aigeiros
appears only in Upper Miocene strata, suggesting a
later arrival and radiation of this group on the con-
tinent.

In recent years, representatives of section Taca-
mahaca — the balsam poplars — have been increas-
ingly used in the territory of Western Kazakhstan,
particularly in urban alleys, parks, and shelterbelt
plantations. Globally, this section comprises ap-
proximately ten recognized species, many of which
exhibit complex clonal or hybrid origins resulting

from prolonged natural selection and anthropogenic
breeding. The primary center of diversity for Taca-
mahaca is located in Asia, where most species and
endemic forms are concentrated; a considerably
smaller number occur in North America.

Evolutionary studies and paleobotanical data
indicate that in the past, the Tacamahaca section
possessed a much broader geographic range and
a higher level of species diversity than at present.
This is supported by numerous fossil findings from
Oligocene and Miocene deposits of Eurasia, which
demonstrate that balsam poplars occupied key eco-
logical niches within ancient forest communities.
The reduction of their modern distribution is associ-
ated with global climatic shifts during the late Ceno-
zoic and increased competition from more special-
ized woody taxa.

For Western Kazakhstan, species of the Taca-
mahaca section hold particular ecological signifi-
cance: they exhibit high adaptability, including tol-
erance to drought, frost, and anthropogenic stress,
making them promising candidates for urban green-
ing, afforestation, and the restoration of degraded
ecosystems. Furthermore, studying their genetic di-
versity and potential hybrid forms in the region can
substantially contribute to understanding adaptive
strategies within the genus Populus under extreme
climatic conditions.

Although such subdivisions can help organize
and interpret the substantial variation observed
among fossil balsam poplars, this structure is re-
garded as overly complex for the currently ac-
cepted modern species (see Table 4). It tends to
be favored mainly by proponents of an extremely
broad, monotypic interpretation of the genus Popu-
lus, who recognize around — or more than — one
hundred taxa.
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Table 4 — Evolutionary timeline for the origin of contemporary Populus species of section Tacamahaca

Name of taxon Time of emergence

Geographical localization of poplars
of Kazakhstan

P. balsamifera Late Miocene

In Kazakhstan it is found in urban plantings in Karaganda,
Semipalatinsk and Uralsk.

Fossil evidence from the Late Oligocene of
southern Western Siberia (approximately 24.5 mil-
lion years ago) documents the presence of P. bal-
samoides Goepp., a species that later became widely
distributed in the Miocene floras of Europe.

Assigning the North American representatives
of the section Tacamahaca — whether extant or fos-
sil — to any of the three previously discussed series
(Laurifoliae, Tacamahaca, Latifolia) is not consid-
ered appropriate. In North America, Populus spe-
cies capable of hybridization are phylogenetically
much more closely related to one another than to
their Eurasian counterparts.

According to studies by Dayanandan (2002)
and Eckenwalder (2009), among the modern North
American representatives of the section Tacamaha-
ca, the greatest morphological similarity and closest
phylogenetic affinity are observed between P. bal-
samifera and P. trichocarpa [37].

Phylogenetic analyses suggest that the diver-
gence between P. balsamifera and P. trichocarpa
may have taken place during the Middle or Late
Miocene. However, some studies propose a con-
siderably more recent divergence, suggesting that
the two species separated during the Pleistocene
glaciation, approximately 74.8 thousand years ago
[38].

Conclusion

Representatives of the genus Populus
L. — including two subsections (4lbidae, Trepidae)
and three sections (Tacamahaca, Aigeiros, Populus
(Leuce)) — have been present in the floodplain for-
ests of the Ural River valley within the studied re-
gion since ancient times.
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The evolutionary history of the genus Populus
L. in Western Kazakhstan reflects a long and com-
plex process of phylogenetic, biogeographic, and
ecological development. Analysis of paleobotani-
cal and morphological evidence indicates that rep-
resentatives of the three major sections — Populus
(Leuce), Aigeiros, and Tacamahaca — have been
present in the Ural River basin since ancient times,
forming stable components of the region’s flood-
plain and steppe — forest ecosystems. The earliest
known hybrid taxon, P. X canescens, is recorded
from the Late Pliocene, demonstrating that hybrid-
ization has long served as an important mechanism
supporting genetic diversity within poplar popula-
tions.

The unique climatic and geological conditions
of Western Kazakhstan create favorable prereq-
uisites for the formation of local populations with
high levels of species and genetic variability. The
identified patterns of hybridization and adaptation
in representatives of Populus in this region are of
considerable importance both for theoretical botany
and for practical applications in reforestation, land-
scape restoration, and sustainable bioresource man-
agement.

Understanding the mechanisms of adaptation,
hybridization, and dispersal within the genus Popu-
lus 1s crucial for both theoretical botany and evolu-
tionary biology, as well as for practical applications
in forestry, landscape restoration, and environmen-
tal management. Owing to their high tolerance to
drought, soil salinity, and anthropogenic stress, pop-
lar species remain among the most promising candi-
dates for green infrastructure development and the
rehabilitation of degraded ecosystems in Western
Kazakhstan.
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