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Abstract. The article examines the features of the anatomical structure of the hydraulic system
of 17 species from 13 genera of 6 families of woody flowering plants, which belong to dif-
ferent tiers of the floodplain forest growing along the Enmyvaam River (hypoarctic tundra).
It has been found that Ist-tier trees have the most advanced hydraulic system. It consists
only of libriform fibers and vascular segments of a short-cylindrical, cylindrical fibrous shape
with simple perforations, punctate alternate, closed, and close-set intervascular porosity, sin-
gle-row, mostly homogeneous rays, apotracheal and paratracheal parenchyma. This is most
likely due to the particularly intense water exchange regime in tall trees, whose crowns are
more susceptible to harsh environmental influences. Shrubs and low-growing trees of the 2nd
tier demonstrate the presence of both archaic and evolutionarily advanced features in ap-
proximately equal quantities in the stem wood. For example, in the genera A/nus and Sorbus,
there is a combination of libriforms with fibrous and vascular tracheids; vessel segments with
scalariform, reticulate, and simple perforations, apotracheal and paratracheal parenchyma,
and heterogeneous and homogeneous palisade rays. As for the species of the genus Salix, they
have a highly developed hydraulic system, similar to that of the Ist-tier plants. Small shrubs
and dwarf shrubs of the 3rd tier, living in areas with excessive absolute and relative humidity
and sometimes extremely low lighting, have the widest range of specific adaptive features
acquired as a result of adaptation to the extreme conditions of high latitudes.

Keywords: xylem, wood, water-conducting tissue, hydraulic system, woody plants, adapta-
tion, floodplain forest, tundra
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Annomayus. PaccMOTpeHbl 0COOCHHOCTH aHATOMHUYECKOTO CTPOCHUS THAPOCUCTEMBI 17 BH-
J0B U3 13 ponoB 6 ceMeiCTB APEBECHBIX IIBETKOBBIX PACTEHUH, KOTOPbIE OTHOCITCS K pa3-
JVYHBIM SIpycaM IMOWMEHHOTO Jieca, IPOU3PACTAIONIEro BAOJIb PEKH DJHMbIBaaM (rumoap-
KTHYeCKask TyH/pa). BesicHeHO, 4To JiepeBbs 1-ro sipyca oOnanaioT Haubosee COBEpIICHHOM
BOJIOIIPOBOISIIIIEH CUCTEMOIl. B ee cocTaB BXOIAT TOJIBKO BOJIOKHA JTHOPUQOPMA M WICHUKH
COCY/IOB KOPOTKO-IIMIIMHAPHYECKON, IMINHAPUIECKON BOJIOKHOBHIHOM (DOPMBI C TIPOCTHIMH
nepopaysiM1, TOYEIHON OYepeIHON, COMKHYTOH M COMMKEHHOH MEXCOCYTUCTON TTOPOBO-
CTbIO, 1-psiHBIE B OCHOBHOM I'OMOTIEHHBIE JIyuH, aroTpaxeallbHas U MaparpaxeajbHasl ma-
peHxHMa. JTO CBSI3aHO, CKOpEe BCEro, ¢ 0co00 HANpsHKEHHBIM PEKUMOM BOJHOTO OOMEHa
Y BBICOKOCTBOJIBHBIX JIEPEBLEB, KPOHBI KOTOPBIX CHJIbHEE MOJABEPIKEHBI BIUSHUIO OKPYXKa-
roei cpeasl. KycrapHuku u HU3KOPOCIHBIE JEpeBbs 2-T0 spyca AEMOHCTPUPYIOT HATHUUE
B IPEBECHHE CTBOJIA B IPUMEPHO PABHBIX KOJIIMYECTBAX KaK ApXaUUHBIX, TAK ¥ IBOIIOLIMOHHO
NPOJBUHYTHIX 4epT. Hampumep, y ponoB Alnus n Sorbus HaOmonaercsi coueTaHue IuOpu-
(dbopMa C BOJIOKHUCTBIMU U COCYIMCTBIMH TPaxen aMu; WICHUKOB COCY/IOB C JICCTHUYHBIMH,
CeTYaTbIMM M MPOCTBIMHU NepOpaIMsIMHU, alloTPaxealbHONH U MaparpaxeajbHOW MapeHXH-
MBI, TETEPOTCHHBIX ¥ TOMOTCHHO-NAJMCAAHBIX Jiydel. UTo Kacaercs BUAoOB poaa Salix, To
OHHN 00J1a7a10T OJIM3KOM K COBEPIICHHON TMIPOCHCTEMOM, KaK M NPEICTABUTEIN PACTCHUH
I-ro sipyca. HeGonbime KycTapHUKH M KyCTapHHUYKH 3-TO sipyca, OOHMTAIOIIME B MecTax
¢ U30BITOYHON aOCONMIOTHOM M OTHOCUTEIBHON BJIQXKHOCTBIO M ITOPOI YpEe3BbIYAMHO CITa0bIM
OCBEIICHHEM, XapaKTEePHU3YIOTCSI CAMBIM OOJIBIINM JHANa30HOM CIICIM(UUECKUX MPUCTIOCO-
OUTENBHBIX 0COOCHHOCTEH, MPHOOPETEHHBIX B PE3YNBTATE aIaTAllMN K SKCTPEMaIbHbBIM YyC-
JIOBUSIM BBICOKHX ILUPOT.
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Knrouesvie cnoea: xcunema, IpeBecuHa, BOAONPOBOAAIIAS TKaHb, THAPOCUCTEMA, IPEBECHBIC
pacTeHusl, ajanTtaius, NIOWMEeHHbIN Jiec, TyHIpa

Bnazooaprnocmu: Pabora BEINOTHEHA B paMKaX TEMbI « IBOJIIOIIOHHBIE U AKOJIOTHYECKHE 3a-
KOHOMEPHOCTH CTPYKTYPHOTO U CHCTEMaTHYECKOro PasHo00pasnsi COBPEMEHHBIX U UCKOIIa-
€MbIX PACTCHUIl Ha OCHOBE KOJUIEKIIMOHHBIX (hoHI0B boranudeckoro mysest borannueckoro
nnctutyTta uM. B.JI. Komaposa PAH (1. Cankt-IleTepOypr)».

/s yumuposanusn: Chavchavadze E.S., Shchekalev R. V., Grabovskiy A.A., Romanova V.O.
A Strategy for Adapting the Hydraulic System of Woody Plants to Various Tiers of the Flood-
plain Forest of the Enmyvaam River (Chukotka) // 13B. By30B. JlecH. xypH. 2025. Ne 6.
C. 33-47. https://doi.org/10.37482/0536-1036-2025-6-33-47

Introduction

A floodplain forest is a special type of forest biocenosis that grows in a tem-
porarily flooded area of a river valley (floodplain). In Russia, these forests are found
in all natural zones, from arid steppes to tundra. The highest density of forest stands
is observed in taiga floodplain forests, where canopy closure reaches 80 %, while in
the southern and northern directions it decreases to 15 % [9]. The species composi-
tion of woody plants in floodplain forests depends on climatic conditions, flooding
schedule, chemical composition of water and soil sediments, as well as the thickness
and the granulometric composition of the latter.

In the wettest areas with prolonged flooding, particularly resistant plants grow,
such as birch, wild rosemary, currant and, above all, willow [13, 16, 18].

Floodplain forests have a beneficial effect on the climate, strengthen the soil,
improve water use conditions, and provide habitats for commercial fish, birds, and
animals. Moreover, in the dry steppes and tundra, these forests are the only source of
wood, which is widely used by the local population in their economy.

We have surveyed the forested plain in the lower reaches of the Enmyvaam
River, which originates from Lake Elgygytgyn and flows into the Belaya River
(the Anadyr River basin) (Fig. 1).

160° 170° 180 ° 170°
EAST SIBERIAN
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Fig. 1. The area of interest

In the upper and middle reaches, the Enmyvaam River flows through a moun-
tain range, and in its lower reaches, through a plain surrounded by swamps and small
lakes. The river is 285 km long, with the floodplain on both sides of the main channel
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extending in width from 500 to 1,000 m or more. The characteristic appearance of
the river phytocenosis (Fig. 2) is provided by the chosenia forests of different ages,
which, combined with fragrant poplar, tall willows and grass-shrub populations, oc-
cupies almost its entire space [18].

e A
Fig. 2. The photos of forest floodplain phytocenoses along the Enmyvaam River:
a — the left bank of the middle reaches of the Enmyvaam River, the beginning
of the chosenia forest; b — the right bank of the Enmyvaam River near the confluence
of the Telerennatveem River: 1st tier — Chozenia arbutifolia (Pall.) A. Skvorts; 2nd tier —
Salix schwerinii E.L. Wolf, Salix boganidensis Trautv.; 3rd tier — Betula divaricata Ledeb.,
Ribes triste Pall., Rosa acicularis Lindl.; ¢ — the lower reaches of the Enmyvaam River,
the Ust-Belsky reindeer herding farm «Sernaya». Poplar-chosenia forest: 2nd tier — Alnus
fruticosa Rupr.; all plants of the 3rd tier, except Spirea salicifolia L. and Dasiphora fruticosa
L.; d — the lower reaches of the Enmyvaam River near the confluence of the Vap’anayvaam
(Mukhomornaya) River. The poplar-chosenia forest with fallen poplars in the 1st tier;
e — the chosenia-poplar forest: 1st tier — Chosenia arbutifolia (Pall.) A. Skvorts. and Populus
suaveolens Fisch. ex Poit. et A.Vilm.; 2nd tier — Betula cajanderi Sukaczev.;
3rd tier — thickets of Ribes triste Pall; f— the chosenia-poplar forest with a predominance
of Populus suaveolens Fisch. ex Poit. et A. Vilm.; 2nd tier — Salix boganidensis Trautv.,
Alnus fruticosa Rupr. and Sorbus sibirica (Hedl.) Krylov; 3rd tier — Betula divaricata
Ledeb., Ribes triste Pall., Rosa acicularis Lindl., Pinus pumila (Pall.) Regel.
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The near-edge floodplain forests feature unique young chosenia trees towering
up to 5 m and occasional willow, alder, rowan and other shrubs. The entire floodplain
area is covered underwater during the spring and summer floods which last for 15
to 25 days. The central part of the floodplain with a thick layer of sand deposits is
home to mature chosenia-poplar forests, called “groves” in the Anadyr River basin.
The species composition of woody plants in such groves is not very rich (about
50 species); they are typically dominated by 3 to 5 species characterized by a partic-
ularly active vegetative regeneration. Researchers of the Chukotka flora, botanists,
geographers, taxonomists, and ecologists note that this feature is inherent in all chos-
enia groves of the Anadyr River basin [6, 13, 14, 16-20, 39]. Therefore, the research
we have undertaken is not only of a specific, but also of a general nature.

Our study has been aimed at investigating the structural features of the wa-
ter-conducting tissue of woody flowering plants by tiers of the floodplain forest in
the lower reaches of the Enmyvaam River and determining the ways of adaptation of
the secondary xylem and its elements of the studied plants to an unstable (fluctuating)
water schedule in the conditions of the hypoarctic tundra.

Research Objects and Methods

As a research material, in 2017, the samples of angiosperm wood have been
collected in various areas of the lower reaches of the Enmyvaam River. Additionally,
the samples from the dendrological collection of the Botanical Museum, Herbarium
and the Laboratory of Far North Vegetation of the Botanical Institute of the Russian
Academy of Sciences have been used.

The samples of each species have been taken in triplicate: at breast height
(1.3 m from the ground) for tall 1st-tier trees and at a height of 1/3 of the stem length
from the ground for scrub trees. The samples of large shrubs have been selected from
medium-sized branches at a distance of 2 cm from the root collar. Cross-sections
of the wood of small shrubs and 3rd-tier dwarf shrubs have been taken just above
the root collar; in the case of creeping forms, samples have been taken below the living
crown, raised above the ground. The stem samples of small plants have not exceeded
1 cm in diameter. The sections of micro-preparations have been carried out on
a freezing microtome from Reichert (Austria) in 3 projections: transverse (TrP), radial
(RP), and tangential (TaP). Xylotomic descriptions and micrometry have been carried
out using conventional methods [9, 23, 38] and the method of digital encoding of
features, including 20 groups and 160 of their variations [32]. In our descriptions,
we have adhered to the terminology proposed by the International Association of
Wood Anatomists — IAWA [36] and the glossary in the Atlas of Wood and Paper
Fibers [1]. The structural analysis of the hydraulic system has been carried out using
an Axio Scope Al Zeiss photon microscope and a Jeol JSM-6390 LA scanning
electron microscope.

In the presented work, we have studied 17 species (Table 1) from 13 genera of
6 families of woody angiosperms.

The 1st tier comprises tall trees, up to 20 m high, including Chosenia arbutifolia
(Pall.) A. Skvorts. and fragrant poplar — Populus suaveolens Fisch. ex Poit. & A. Vilm.

The 2nd tier is formed by small trees and shrubs (from 2 to 12 m), including
sharpleaf willow (Salix schwerinii E.L.Wolf), Boganida willow (Salix boganidensis
Trautv.), European green alder (4/nus fruticosa Rupr.) and Siberian rowan (Sorbus
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sibirica Hedl.). A special focus is on the Cajander birch (Betula cajanderi Sukaczev.)
(up to 14 meters high), which forms small groves in large clearings of the floodplain

forest.
Table 1
The studied species of floodplain forests in the lower reaches of the Enmyvaam River
Genus (family) | Life form | High, m | Site
Ist tier
Populus suaveolens Fisch. Floodplain of the Vanakvaam
(Salicaceae) (Sernaya) River
Chosenia arbutifolia (Pall.) Tree <20 Floodplains
of the Telerennetveem,
A. Skvorts. K S
(Salicaceac) Vanakvaam ( emaya)
and Vapanayvaam Rivers
2nd tier
Floodplain
Betula cajanderi Sukacz. Tree <15 of the Vapanayvaam (Sernaya)
(Betulaceace) River, Mukhomornoye weather
station
Salix schwgrmn E. Wolf Tree, shrub| <12
(Salicaceae)
S. boganidensis Trautv. <12 Floodplain of the Vapanayvaam
(Salicaceae) (Sernaya) River, Ust-Belsky
Alnus fruticosa Rupr. Shrub reindeer herding farm
(= Duschekia fruticosa (Rupr.) <10
Pouzar) (Betulaceae)
Sorbus sibirica Hedl. (Rosaceae) | Tree, shrub| <10 | Floodplain of the Varenon River
3rd tier
Betula divaricata Ledeb.
(= B.middendorffii Trautv. <15
et C.A. Mey.) ’
(Betulaceae)
Potentilla fruticosa L. Floodplain
(= Pentaphylloides fruticosa (L.) <1.5 of the Vapanayvaam (Sernaya)
0. Schwarz) (R o e ’
. Schwarz) (Rosaceae) River, Mukhomornoye weather
Spiraea salicifolia L. (Rosaceae) <1.5 station
Ledum decumbens (Ait.) Lodd. Shrub
ex Steud. (= L. palustre L. <04
subsp. decumbens (Ait.) Hult.) ‘
(Ericaceae)
Ribes triste Pall. < Floodplain of the Vapanayvaam
(Grossulariaceae) (Sernaya) River, Ust-Belsky
Rosa acicularis Lindl. (Rosaceae) <0.8 reindeer herding farm
Betula exilis Sukacz.
(Betulaceae) <04
Empetrum subholarcticum Dwarf
V. Vassil. shrub <0.2 . .
(Empetraceae) (creeping) Floodplain of the Varenon River
Vaccinium uliginosum L.
. <0.4
(Ericaceae) Shrub
V. vitis-idaea L. (Ericaceae) <0.2
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The 3rd tier is occupied by scrub and dwarf shrubs (from 0.2 to 2 m high), in-
cluding Middendorf’s spreading birch (Betula divaricata Ledeb.), dwarf birch (B. ex-
ilis Sukaczev), shrubby cinquefoil (Potentilla fruticosa L.), willow-leaved mead-
owsweet (Spiraea salicifolia L.), swamp redcurrant (Ribes triste Pall.), prickly wild
rose (Rosa acicularis Lindl.), wild rosemary (Ledum decumbens Small), bog bilberry
(Vaccinium uliginosum L.), lingonberry (Vaccinium vitis-idaea L.) and crowberry
(Empetrum subholarcticum V.N. Vassil.).

This paper adopts the classification and size of families by A.L. Takhtadzhyan
[30]. The names of taxa and authors have been verified according to IPNI [12],
POWO [24], etc. [8, 25, 26].

Results and Discussion

The composition of wood of all the considered species is relatively uniform.
In addition to the permanent elements, such as vascular segments, axial and radial pa-
renchyma cells, it can comprise, for instance, only fibrous tracheids (pp. Empetrum,
Vaccinium, Ledum) or only libriform fibers, often septate (pp. Chosenia, Populus,
Salix). In the hydraulic system of small plants of the 2nd and especially, 3rd-tiers,
tracheid-like vessels with 1 to 2 perforations on the lateral wall are sporadically en-
countered.

The wood of the species examined (Fig. 3-5) is typically scatter-vascular, oc-
casionally combined with semi-ring-vascular (pp. Empetrum, Ribes, Sorbus, Rosa).
Very narrow growth layers often have only one layer of vessels at the annual ring
boundary in early wood. The vessel segments are extremely small, very small or
fairly small in diameter — up to 25 pm, from 25 to 50 pm and from 50 to 100 pm,
respectively [38]. In chosenia and poplar species, the vessel segments are of short-cy-
lindrical, cylindrical and fibrous shape, with the length exceeding the diameter by 2
to 7,4 to 7 and 7 to 11 times, respectively, or, more often fibrous (p. Betula cajan-
deri). In small shrubs, dwarf shrubs and prostrate shrubs of the Betula, Ledum and
Empetrum genera, the vessel segments are mainly fibrous and elongate-fibrous, rare-
ly cylindrical, with the length exceeding the diameter by 7 to 11, over 11 and 4 to
7 times, respectively. The vessel segment membranes are thin to moderately thick-
ened and thickened (2.2, 3.2 and 4.0 um) with rostels from barely noticeable to me-
dium (pp. Chosenia, Populus, Betula, Salix).

The most important water-conducting elements in the secondary xylem are
various types of perforation plates and intervascular porosity. Thus, the perfora-
tions of the species considered are quite diverse: scalariform and, less frequently,
scalariform-reticulate (pp. Betula, Alnus, Ribes, Ledum); solely simple (pp. Cho-
senia, Populus, Salix, Potentilla, Spiraea, Rosa); simple, occasionally combined
with scalariform (pp. Sorbus). All types of plates from scalariform to simple are
observed in Vaccinium uliginosum plants (Fig. 5). The intervascular porosity is
equally diverse being represented by several types, both primitive (scalariform,
transitional combined with opposite, as in representatives of the genera Betula
and A/nus) and more specialized (mixed and alternate in various combinations, as
in representatives of the genera Spiraea and Ledum). Representatives of the gen-
era Ribes, Vaccinium and Empetrum demonstrate all the listed types of porosity.
The species of the genus Salix are distinguished by alternate closed and close-set
free porosity (Fig. 3).
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Salix schwerinii
Fig. 3. The structural elements of the secondary xylem of woody plants (Chosenia
arbutifolia, Populus suaveolens, Salix schwerinii): a — scattered-vascular type of wood,
the even boundary of the annual ring is emphasized in the late wood by 1-3 cells flattened
in the radial direction (TrP); b — scattered-vascular type of wood, the pores in the early part
of the annual ring are slightly larger than in the late part (TrP); ¢ — fragment of a vessel
segment with simple perforations and alternate intervascular porosity (RP); d — scattered-
vascular type of wood, with numerous pores, and a smooth boundary of the annual ring
(TrP); e — scattered-vascular type of wood, with large pores often concentrated in the early
wood near the boundary of the annual ring (TrP); f— vascular segments with simple
perforations and alternate intervascular porosity (RP); g — scattered-vascular type of wood,
the boundary of the annual ring is emphasized in the early wood by larger pores, and in
the late wood by 2-3 libriform cells flattened in the radial direction (TrP); 4 — the boundary
of the annual ring is slightly wavy, and the number of pores in the late wood is less
than in the early wood (TrP); i — vessels with simple perforations and alternate close-set
intervascular porosity (RP)
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Rosa acicularis

Fig. 4. The structural elements of the secondary xylem of woody plants (A/nus fruticosa,
Sorbus sibirica, Rosa acicularis): a — scattered-vascular type of wood, with slightly wavy
boundaries of annual rings (TrP); b — scattered-vascular type of wood, the pores are single

or more often in groups (TrP); ¢ — vessel segments with scalariform perforations (RP);

d — scattered-vascular type of wood with a tendency to semi-ring-vascularity, with narrow
growth layers, slightly wavy boundaries, and narrow pores (TrP); e — scattered-vascular
type of wood with a tendency to semi-ring-vascularity, with larger pores located along
the boundary of the annual ring (TrP); f— fragment of fibrous and vascular tracheid with
rounded and oval bordered pores (TaP); g — wood with a tendency towards the ring-vascular
type, the boundaries of the annual rings are emphasized by 1-3 tracheal elements flattened
in the radial direction (TrP); 4 — boundaries of the annual ring are emphasized in the early
wood by | or 2 layers of larger pores (TrP); i — pores are single and paired (TrP)
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Vaccinium uliginosum

Fig. 5. The structural elements of the secondary xylem of woody plants (Spiraea salicifolia,
Betula exilis, Vaccinium uliginosum): a — scattered-vascular type of wood with wide
multi-row rays and small pores (TrP); b — scattered-vascular wood with a tendency to ring-
vascularity, the boundary of annual rings is emphasized in the early wood by
1-12 elements flattened in the radial direction (TrP); ¢ — fragment of a 4-row ray (TaP);

d —wood with 9 annual rings and wavy boundaries, emphasized by 1-3 fibrous elements
flattened in the radial direction (TrP); e — scattered-vascular type of wood, with single and
grouped pores, or the ones in radial chains of 3 to 6 (TrP); f— fragment of a heterogeneous
ray (TaP); g — scattered-vascular type of wood with unclear annual ring boundaries and false
annual rings (TrP); & — fragment of a vessel segment with reticulate perforation and alternate
intervascular porosity (RP); i — fragment of a 4-5-row ray (TaP)
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Fibrous tracheids, from moderately thickened to fairly thick (3.5 to 4.5 um),
occupy the largest volume in wood. On their radial walls there are bordered pores of
oval and oval-elongated shapes with the apertures repeating their outlines. Libriform,
or simple-pore fibers, have thicknesses ranging from 2.8 to 4.5 pm. Thinner mem-
branes are observed in those life forms that include shrubs, dwarf shrubs and pros-
trate shrubs while thickened membranes are in the plant life-forms that include trees,
small trees and tall shrubs, more specifically, Chosenia, Populus, Betula cajanderi,
Alnus, etc. In addition, some species have vascular tracheids in the water-conducting
tissue — non-perforated cells with signs of a mechanical fiber and a vessel segment,
similar to it in shape and porosity type — Betula, Spiraea. The axial parenchyma
is most often sparse, apotracheal, either diffuse or chain-like, with several cells in
short chains scattered randomly among fibrous elements (pp. Salix, Ledum, Spiraea,
Potentilla, Rosa) or relatively abundant (pp. Alnus, Betula, Vaccinium, Empetrum).
Representatives of the genera Spiraea, Ribes, Potentilla, Rosa, Salix and Betula have,
in addition to the apotracheal, sparse paratracheal vasicetric parenchyma.

The overwhelming majority of the species considered are characterized by
heterogeneous rays. However, some of the examined plants of the genera Chosenia,
Populus, Salix and Sorbus have heterogeneous rays with a tendency to homogeneous
ones and even homogeneous rays. Representatives of the genera Rosa, Vaccinium,
Empetrum, Alnus, Betula, Ledum, Potentilla, Spiraea and Ribes sometimes exhibit
heterogeneous rays in combination with homogeneous palisade rays. The ray width
(number of rows) in the studied species is quite diverse: from single-row in Chos-
enia, Populus, Salix and Empetrum, single-row and partially double-row in Ledum
and Potentilla to single-row, double-row and multi-row in Ribes, Vaccinium, Betula,
Spiraea and Rosa.

The ray height (number of layers) shows considerable instability. A low lay-
ering index is observed in Betula and Empetrum, up to 10—12 cells, while in Ribes,
Vaccinium and Salix it is higher — 30-35 cells. Frequently, narrow, low rays, merging
at their ends, significantly increase the height. 2 and 3-row rays often demonstrate
short, single-row endings in Ribes, Vaccinium etc. However, this feature is fairly un-
stable and is rarely used in definitions.

Analyzing the quantitative indicators of the hydraulic system of woody plants
from layer to layer, it should be noted, that as the habitat conditions deteriorate and
the growth energy (habitus) decreases, the average values of xylotomic characteris-
tics change: the width of the annual rings and the diameter of pores decrease, while
the density of the vessels, in contrast, increases. This quantitative redistribution of
traits is a non-specific response of the water-conducting tissue to any deterioration
in conditions and serves as an important factor in the struggle of plants for existence
[4, 5,27, 31, 33]. In larger 1st and 2nd-tier plants of the genera Chosenia, Populus,
Salix, Betula and Sorbus, the xylotomic indices of the secondary xylem are slightly
higher (Table 2) than in representatives of small habits of the genera Spiraea, Ledum,
Rosa etc. [7, 15].

Comparative xylotomic studies of the hypoarctic tundra floodplain forest spe-
cies should preferably be carried out taking into account the plant life form, age
and habitat conditions. It is important to bear in mind that the environmental ef-
fect on the plant is but a whole combination of soil and climatic factors that impact
the plant’s external and internal structure in its entirety rather than only individual
structural features [35].
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Table 2
The quantitative xylotomic indices of the species considered
Annual Quantity Tangential Length, pum Number
Species ring of pore size, of rays,
width, mm vessels, um vessel fibrous pes/mm
pes/mm? segment | element
Ist tier
Chosenia arbutifolia 312—7 1%3 % % 25_51 2%9
Populus suaveolens 13 130 10.0 412 242 12
34.1 22.2 33.0 26.1 21.8 27.3
2nd tier
Betula cajanderi 1.0 40 450 210 1,000 14
21.9 11.2 29.4 314 26.1 19.8
Salix schwerinii 0.8 280 215 500 680 8
23.7 29.6 25.2 25.5 22.1 14.2
S. boganidensis 0.7 330 250 273 650 2
29.3 34.2 26.1 21.8 21.8 13.8
Alnus fruticosa L4 183 30.0 339 683 19
32.5 23.1 30.0 23.7 19.7 22.3
Sorbus sibirica 12 120 387 2 1.200 18
31.7 24.1 19.7 21.4 254 20.9
3rd tier
Betula divaricata 0.2 161 24.6 370 486 17
17.5 15.3 20.7 12.1 16.3 13.9
. . .1 147 322 232 413 21
Potentilla fruticosa | 5 4 18.3 21.0 18.5 16.6 12.8
Spirea salicifolia 0.23 687 245 158 259 22
22.0 16.9 30.0 21.1 10.6 13.0
Ribes triste 03 640 pINY 134 196 i)
21.1 214 34.2 35.1 13.8 27.8
Rosa acicularis 0.3 381 340 230 342 23
22.2 12.0 20.0 14.4 15.2 10.1
Betula exilis 02 147 2179 179 361 17
30.2 16.6 26.9 23.5 14.4 11.4
Ledum decumbens 0.07 857 2L.0 P 320 i
26.6 11.3 19.9 13.1 11.7 11.2
Empetrum 0.2 548 22.8 184 239 23
subholarcticum 17.6 12.9 26.7 17.9 11.5 16.6
Vaccinium 0.1 869 22.7 130 196 26
uliginosum 354 12.5 18.9 12.5 13.7 11.5
V. vitis-idaea 0.1 850 22.0 125 11 26
354 14.2 24.7 19.4 11.7 17.2

Note: The denominator indicates the magnitude of the index variability, %.

The examined anatomical features of the secondary xylem of woody species
from different tiers of the floodplain forest in the vicinity of the Enmyvaam River have
shown that the water-conducting system of the 1st-tier trees is the most sophisticated
of all. It consists only of libriform fibers and vessel segments of a short-cylindrical,
cylindrical and fibrous shape with simple perforations, punctate alternate, closed and
close-set porosity, with single-row mainly homogeneous rays, apotracheal and para-
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tracheal parenchyma. The perfection of the hydraulic system of 1st-tier plants is most
likely associated with a more intense water exchange regime in tall trees, whose
crowns are more exposed to the harsh environmental influences of the Far North, that
is, insolation, wind, temperature and humidity [10, 34].

The 2nd-tier shrub and scrub tree wood demonstrate the occurrence of
both archaic and evolutionarily advanced features in almost equal proportions.
In Alnus and Sorbus species, for example, it’s a combination of libriforms with
fibrous and vascular tracheids; vessel segments with scalariform, reticulate and
simple perforations, apotracheal and paratracheal parenchyma, heterogeneous
and homogeneous palisade rays. As for the species of the genus Salix, they have
a very sophisticated hydraulic system, just like the 1st-tier plants. Both belong to
the same Salicaceae family.

The 3rd-tier small and dwarf shrubs, occupying the sites with excessive ab-
solute and relative humidity and sometimes extremely weak lighting, demonstrate
the widest range of specific adaptive features acquired through the adaptation to
the extreme conditions of high latitudes [2, 6]. It has been noted that in the plants of
2 lower tiers, with the exception of representatives of the genus Salix, there is no clear
division into water-conducting, mechanical and storage elements since the fibrous
tracheids present in it partially take over these functions [3, 11, 22, 28, 29, 37].

As a phylogenetic group of woody plants, the genus Salix has been formed in
the dynamic conditions of river floodplains where plants have developed a special set
of adaptive traits called «ecological dualism», enabling them to successfully grow in
an environment with an unstable water regime, from flooding in a low floodplain to
summer drought in a high floodplain [21].

It has been discovered that the overwhelming majority of plants of the hy-
poarctic tundra floodplain forests, irrespective of the tier, demonstrate a primitive,
scattered-vascular type of wood that does not require a long growing season or sig-
nificant energy expenditure for its formation [22]. However, this indicates the physi-
ological necessity of such a feature rather than the specialization level of the taxa in
question.

Importantly, the study has revealed the simultaneous presence of traits of vary-
ing specialization degrees (heterobathmy) in the wood of all the studied species of
the Enmyvaam River floodplain forest which increase their genetic flexibility and
adaptive abilities to occupy various ecological niches in the Far North pessimal con-
ditions.

Conclusion

Thus, the study of the structural features of the secondary xylem in woody
flowering plants through the adaptation to the floodplain forest conditions of the En-
myvaam River (hypoarctic tundra) allows to reveal, using the example of model gen-
era and species, certain patterns in the formation of the water-conducting system and
adaptive strategies of multi-tiered forest phytocenoses of a number of tributaries of
the Anadyr River basin (Chukotka).

REFERENCES

1. Atlas of Wood and Paper Fibers. Ed. by E.S. Chavchavadze. Moscow, Klyuch Publ.,
1992. 336 p. (In Russ.).



46 «H3BecTns By30B. JlecHoii skypHam». 2025. Ne 6 ISSN 0536-1036

2. Benkova V.E., Schweingruber F.H. Anatomy of Woody Plants in Russia. Bern, Stutt-
gart, Vienna, Paul Haupt Publ., 2004. 456 p. (In Russ.).

3. Carlquist S. Ecological Strategies of Xylem Evolution. Berkley, 1975. 260 p.

4. Carlquist S. Further Concepts in Ecological Wood Anatomy, with Comments on
Recent Work in Wood Anatomy and Evolution. Aliso: A Journal of Systematic and Floristic
Botany, 1980, vol. 9, iss. 4, pp. 499-553.

5. Chavchavadze E.S., Umarov M.U., Sizonenko O.Yu. Anatomical and Physiological
Characteristics of Wood of Some Species of the Genus Zhoster (Rhamnus L.) from Mountain-
ous Habitats. Sovremennye problemy anatomii rastenij: Materials of the International Confer-
ence. Brest, 1996, p. 49. (In Russ.).

6. Chavchavadze E.S., Sizonenko O.Yu. Structural Features of the Wood of Shrubs
and Dwarf Shrubs of the Arctic Flora of Russia. Ed.-in-Chief V.M. Eremin. St. Petersburg,
Rostok Publ., 2002. 272 p. (In Russ.).

7. Chavchavadze E.S., Sizonenko O.Yu., Volkova S.B. Ways of Adaptation the Sec-
ondary Xylem of Woody Plants to the Extreme Environment of the Arctic Region. Vestnik
Tverskogo gosudarstvennogo universiteta. Seriya: Biologiya i ekologiya = Vestnik Tver State
University. Series: Biology and Ecology, 2012, vol. 27, no. 23, pp. 67-73. (In Russ.).

8. Cherepanov S.K. Vascular Plants of Russia and Adjacent Countries (within the For-
mer USSR). St. Petersburg, Mir i Sem’ya Publ., 1995. 992 p. (In Russ.).

9. Glotov N.V., Zhivotovskij L.A., Khovanov N.V., Khromov-Borisov N.N. Biomet-
rics. Leningrad, Leningrad State University Publ., 1982. 263 p. (In Russ.).

10. Greguss P. Holzanatomie der Europaischen Laubholzer und Straucher. Budapest,
1959. 332 p. (In Germ.).

11. Grosser D. Die Holzer Mitteleuropas. Berlin, 1977. 208 p. (In Germ.).

12. IPNI (2025). International Plant Names Index. Available at: https://www.ipni.org/
(accessed 13.03.24).

13. Kachalov A.A. Trees and Shrubs. Moscow, Nauka Publ., 1970. 407 p. (In Russ.).

14. Katenin A.E., Petrovsky V.V. Local Flora of the Northern Part of the Chukotka Pen-
insula. Botanicheskij zhurnal = Botanical Journal, 2013, vol. 98, no. 3, pp. 281-305. (In Russ.).

15. Khokhryakov A.P., Mazurenko M.T. Biomorphological Adaptations of Woody
Plants to Arctic Conditions. All-Union Conference on the Adaptation of Woody Plants to Ex-
treme Environmental Conditions. Petrozavodsk, 1981, pp. 79-80. (In Russ.).

16. Korobkov A.A., Sekretareva N.A. Botanical and Geographical Observations in
the Lower Reaches of the Enmyvaam River (Anadyr River Basin). Botanicheskij zhurnal =
Botanical Journal, 1986, vol. 71, no. 4, pp. 450-459. (In Russ.).

17. Korobkov A.A., Sekretareva N.A., Zheleznov N.K. On the Flora of the Lower
and Middle Reaches of the Enmyvaam River (Belaya River Basin). Ekologiya, rasprostrane-
nie i zhiznennye formy rastenij Magadanskoj oblasti. Vladivostok, Far Eastern Branch of
the USSR Academy of Sciences, 1987, pp. 15-30. (In Russ.).

18. Korobkov A.A., Sekretareva N.A. Analysis of the Flora of “Southern Chukotka”
(Nizhneanadyrsky District). Krylovia, 2001, vol. 3, no. 2, pp. 63—77. (In Russ.).

19. Korobkov A.A., Sekretareva N.A. Taxonomical and Geographical Structure of Flora
in the Anadyr River Basin, Chukotskii Autonomous Region. Byulleten’ Botanicheskogo sada
Dal ’nevostochnogo otdeleniya Rossijskoj akademii nauk, 2007, iss. 1, pp. 50-71. (In Russ.).

20. Kozhevnikov Yu.P. Down the Main and Anadyr from Vaega to Ust-Belaya (Chu-
kotka National District). Botanicheskij zhurnal = Botanical Journal, 1977, vol. 62, no. 4,
pp. 597-610. (In Russ.).

21. Kulagin A.Yu. Ecological and Biological Features of Willows and Technogenesis.
Ufa, Bashkir Scientific Center of the Ural Branch of the USSR Academy of Sciences, 1990.
19 p. (In Russ.).

22. Lobzhanidze E.D., Gabuniya M.D. Ecology of Cambium Activity and Wood For-
mation. Thilisi, 2008. 513 p. (In Russ.).



http://O.Yu
http://O.Yu
http://O.Yu
https://www.ipni.org/
http://A.Yu

ISSN 0536-1036 «H3BecTHs By30B. JlecHoii skypHam». 2025. Ne 6 47

23. Metcalfe C.R., Chalk L. Anatomy of the Dicotyledons. Volume II: Wood Structure
and Conclusion of the General Introduction. Oxford, 1983. 297 p.

24. POWO (2025). Plants of the World Online. Facilitated by the Royal Botanic Gar-
dens, Kew. Available at: https://powo.science.kew.org/ (accessed 13.03.24).

25. Sekretareva N.A. The Vascular Plants of the Russian Arctic and Adjacent Territo-
ries. Sofia, Moscow, Pensoft Publ., 1999. 160 p.

26. Sekretareva N.A. The Vascular Plants of the Russian Arctic and Adjacent Territo-
ries. Moscow, KMK Publ. House, 2004. 131 p. (In Russ.).

27. Sizonenko O.Yu. A Comparative Anatomical Study of the Secondary Xylem of
Shrubs and Dwarf Shrubs of the Arctic Flora of Russia: Cand. Biol. Sci. Diss. Abs. St. Peters-
burg, 2000. 14 p. (In Russ.).

28. Sizonenko O.Yu., Chavchavadze E.S. Anatomy of the Secondary Xylem of Repre-
sentatives of the Genus Salix (Salicaceae) from the Northern Regions of Russia. Botanicheskij
zhurnal = Botanical Journal, 2002, vol. 87, no. 6, pp. 67-77. (In Russ.).

29. Sizonenko O.Yu., Chavchavadze E.S. Anatomical Features of the Secondary Xy-
lem of Representatives of the Genera Betula and Duschekia (Betulaceae) in the Far North
of Russia. Botanicheskij zhurnal = Botanical Journal, 2006, vol. 91, no. 12, pp. 1868—1875.
(In Russ.).

30. Takhtadzhyan A.L. Magnoliophyte System. Leningrad, Nauka Publ., 1987. 439 p.
(In Russ.).

31. Umarov M.U., Chavchavadze E.S. Structural Changes in the Wood of Periploca
graeca (Asclepiadaceae) in Relation to Habitat Conditions. Botanicheskij zhurnal = Botani-
cal Journal, 1990, vol. 75, no. 5, pp. 675-682. (In Russ.).

32. Umarov M.U., Chavchavadze E.S., Volkova S.B. On Formation of the Information
Data Base on Wood Structure of Angiosperms. Gornye ekosistemy i ikh komponenty: Pro-
ceedings of the International Conference. Moscow, KMK Publ. House, 2007, pp. 143-147.
(In Russ.).

33. Umarov M.U., Chavchavadze E.S., Shchekalev R.V., Romanova V.O., Uma-
rov R.M. Variability of Anatomical Characteristics of the Wood of Mountain Ash (Sorbus
aucuparia L.) in the Conditions of the North Caucasus. Lesnoy Zhurnal = Russian Forestry
Journal, 2024, no. 6, pp. 78-89.

34. Umarov M.U., Chavchavadze E.S., Umarov R.M. Analysis of the Hydraulic Sys-
tem of Woody Plants of Various Tiers of Floodplain Forest. Groznenskij estestvennonauchnyj
byulleten’= Grozny Natural Science Bulletin, 2024, vol. 9, no. 1(35), pp. 105-110. (In Russ.).

35. Vasil’ev B.R. The Structure of the Leaves of Woody Plants in Different Climatic
Zones. Leningrad State University Publ., 1988. 206 p. (In Russ.).

36. Wheeler E.A., Baas P. Wood Identification — A Review. IAWA Journal, 1998,
vol. 19, iss. 3, pp. 241-264. https://doi.org/10.1163/22941932-90001528

37. Yatsenko-Khmelevskij A.A. Principles of Wood Inventory. Trudy Botanicheskogo
institututa Akademii nauk Armyanskoj SSR, 1948, vol. 5, pp. 33-58. (In Russ.).

38. Yatsenko-Khmelevskij A.A. Fundamentals and Methods of Anatomical Examina-
tion of Wood. Moscow, USSR Academy of Sciences Publ., 1954. 337 p. (In Russ.).

39. Yurtsev B.A., Sekretareva N.A. The Tnekveemskaya Chosenia Grove in the North
of the Lower Anadyr Lowland. Ekologo-tsenoticheskie i geograficheskie osobennosti rasti-
tel 'nosti. Moscow, Nauka Publ., 1983, pp. 232-248. (In Russ.).

Kongaukm unmepecos: ABTOpHI 3asBISIOT 00 OTCYTCTBUH KOH(JINKTA HHTEPECOB
Contflict of interest: The authors declare that there is no conflict of interest

Bkiax aBTopoB: Bee aBTophl B paBHOI 10716 y4acTBOBAJIN B HAMCAHUY CTaTbU
Authors’ Contribution: All authors contributed equally to the writing of the article


https://powo.science.kew.org/
http://O.Yu
http://O.Yu
http://O.Yu
https://doi.org/10.1163/22941932-90001528

