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ABSTRACT

The purpose of the article. The article is devoted to the study of one from forms of syndynamics in Late Pennsylvanian time,
namely phytocoenogenesis. The study of the phytocoenogenesis of ancient plant communities, i.c., the formation of new types of
palaeophytocoenoses, is based on the research of vegetation diversity that is reflected in the ecological-floristic classification of the
Late Pennsylvanian phytocoenoses of the Donets Basin by the Brown-Blanquet method.

Material and research methods. The phytocoenogenetic researches consisted of the analysis of the changes of the species and
syntaxonomic composition of vegetation cover throughout the Late Pennsylvanian. The peculiarities and main factors of phytocoeno-
genesis have been identified on the palacosyntaxa in rank of the orders of the following vegetation types: wetland forests and woodlands
of coastal lowlands, wetland forests and woodlands of deltaic plains, seasonally dry woodlands of river valleys and lagoon coasts. The
palaeophytocoenotic data are based on the plant fossil assemblages from lacustrine, lacustrine-swamp, lacustrine-deltaic, floodplain-
lacustrine, floodplain and lacustrine-lagoon deposits in more than 17 localities and 11 boreholes located within the Bakhmutska and
Kalmius-Toretska troughs.

Research results. Based on the analysis of the phytocoenogenetic processes (progressive and regressive development of plant
communities) and the manifestations of phytocoenogenesis (formation of new communities and loss of old communities) in the devel-
opment of the Late Pennsylvanian vegetation, three models of the formation of new communities and one model of the loss of com-
munities from vegetation cover have been proposed. Each of the models reveals the relationship between the phytocoenogenetic pro-
cesses and environmental changes. The evolution-progression model reflects the progressive development of palacophytocoenoses that
is expressed by the appearance of evolutionary new coenopopulations in the conditions of the expansion of landscape types (expanding
biotopes). The migration-progression model conforms to the progressive development of palacophytocoenoses as a result of the mi-
gration of plants from decreasing landscape types to expanding ones (expanding biotopes). The substitution-regression model is con-
sistent with the regressive development of palacophytocoenoses along with structure simplification and dominant substitution of plant
communities due to the contraction of certain landscape types (decreasing biotopes). The elision-regression model of the loss of com-
munities reflects the regressive development of palacophytocoenoses that is expressed by the decrease in the number of coenopopula-
tions and the number of individuals in remaining coenopopulations in the conditions of the contraction of some landscape types (de-
creasing biotopes).

The scientific novelty. For the first time, the Late Pennsylvanian vegetation dynamics (syndynamic) have been studied. The
proposed._three models of the formation of new communities and one model of the loss of communities reveal the main directions in
evolution of palacophytocoenoses and give the first ideas about phytocoenogenesis in late Palacozoic times.
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Introduction. The vegetation research of the ge-
ological past is based on the study of plant fossil re-
mains along with the facial features of plant-bearing
deposits and the subsequent reconstructions of palae-
ophytocoenoses. The Carboniferous and early Per-
mian plant communities in varying degrees of detail
have been reconstructed by W. Gothan&O. Gimm, F.
Némejc, A.M. Krishtafovich, M.D. Zalessky, G.P.
Radchenko, A. Cridland&J. Morris, M. Barthel, A.
Scott, A.K. Shchegolev, O.P. Fisunenko, M.V. Osh-
urkova, Iwaniw E., Falcon-Lang H.J., N.I. Boyarina,
S.V. Naugolnykh, I.A. Ignatiev, etc.

The present study focuses on the Late Pennsyl-

vanian vegetation dynamics (syndynamics), includ-
ing the issues of the evolution of ancient plant
communities, i.e., phytocoenogenesis. The phytocoe-
nogenetic researches involve, at the outset, the iden-
tification of'the floristic composition, ecological-coe-
notic structure and habitats of palacophytocoenoses
for successive long-time intervals, then the analysis
of changing vegetation diversity reflected in the clas-
sification of phytocoenoses [22-24].

The detailed studies of the plant fossil assem-
blages of the Donetsk Basin from the complete strata
of the upper Carboniferous deposits have been con-
ducted by A.K. Shchegolev [27-29] and N.IL
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Boyarina [6-8, 35]. The current study of vegetation
dynamics is based on these published data as well as
the reconstructions and classification of the late Car-
boniferous (Late Pennsylvanian) plant communities
of the Donetsk Basin performed by the author in re-
cent years that have been partly published [9, 10].
The detailed description of the late Carboniferous
plant communities and its classification are the sub-
ject of a forthcoming publication. This paper repre-

sents the review of transformations of plant
palaccommunities and the first ideas about phytocoe-
nogenesis in the late Carboniferous.

Geological setting and material. The Donets
Basin located in eastern Ukraine is the part of the
Dnieper-Donets intracratonic rift basin (Fig. 1). In the
Carboniferous the territory of the Donets Basin was
periodically covered by shallow epicontinental seas,
resulting in the formation of the powerful strata of mi-
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Fig. 1. Scheme of research region with the structure plan of suite limestones
(from the fund materials of PGO "Donbas geology" 1985) and the position of the localities of plant remains

xed carbonate-siliciclastic sediments. The upper Car-
boniferous deposits, which are consisted of the alter-
nating fluvio-deltaic and nearshore-marine facies,
was divided into suites (= formations) based of lime-
stone marker beds and correspond to three regional
stages, namely Toretskian, Kalynovian, Myroniv-
skian [20].

The research of the Late Pennsylvanian vegeta-
tion cover was conducted on the basis of plant fossils
from the Toretskian and Kalynovian deposits that
were studied by A.K. Shchegolev [27-29] and from
the upper Kalynovian and Myronivskian deposits
studied by the author of this paper [6-8, 35]. The data
about the Kasimovian (Toretskian) and Gzhelian
(Kalynovian and Myronivskian) plant communities
are based of the plant fossil assemblages from lacus-
trine, lacustrine-swamp, lacustrine-deltaic, flood-
plain-lacustrine, floodplain and lacustrine-lagoon de-
posits in more than 17 localities and 11 boreholes that
located within the Bakhmutska and Kalmius-Toret-

ska troughs (Fig. 1).

Analysis of main research and publications.
The study of the Late Pennsylvanian vegetation is
carried out in accordance with the views about the
development of phytocoenoses in vegetation science,
using the terminology, which is applied for the re-
search of today’s vegetation dynamics [1, 11-15, 24,
26, 31, 33, 39, 45]. In vegetation dynamics (syndy-
namics) two basic forms have been described. The
various types of irreversible cyclic changes in plant
communities, which resulted to the formation of al-
ready existing combinations of species, are referred
as successions [13, 22-25, 45]. In contrast to succes-
sions, the evolution of phytocoenoses, as the second
form of syndynamics, leads to the formation of the
completely new combinations of altered flora in re-
sponse to changing environmental conditions [11-12,
18-19, 22-24, 39, 44, 45]. In the evolution of phyto-
coenoses, florogenesis (historical process of flora
formation) and phytocoenogenesis (formation of new
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phytocoenoses) are distinguished. The phytocoeno-
genesis (or phylocoenogenesis, according to V.N.
Sukachev [23-24]), as the sequential evolution of
plant communities over a long geological time lead-
ing to the appearance of new types of phytocoenoses
(associations, formations, vegetation types), occurs
in parallel with the evolution of species constituting
phytocoenoses and is traced in the change of vegeta-
tion syntaxonomic units [11, 23-24, 32-33]. Several
ways of the commission or basic acts of phytocoeno-
genesis are differentiated: speciogenesis — gradual
transformation of one community into another due to
the evolutionary change of species that make up its
composition, especially dominants and subdomi-
nants; esogenesis — transformation of communities
by the changes of species role, in particular, when one
dominant is changed by another; transgenesis — trans-
formation of some phytocoenoses into others by in-
vasion (embedding of niche) or elision (disappear-
ance of niche); substitution — transformation of com-
munities by the replacement of ecological niches due
to competitive exclusion of species [12, 21]. Such
phytocoenogenetic processes have been best studied
for the Quaternary period of the Earth's history [14, 24].

The research of the Pennsylvanian vegetation is
predominantly undertaken at the biome level [34, 36-
38]. In the Pennsylvanian vegetation of the Euramer-
ican tropical region, two tropical biomes have been
identified, namely wetland and seasonally dry.
Throughout Late Pennsylvanian time in the condi-
tions of gradually increasing aridization and season-
ality, the periodic changes in distribution of wetland
forests and seasonally dry woodlands as well as the
change of the role of major plant groups (lycopods,
ferns, pteridosperms, horsetails, cordites, and coni-
fers) in the composition of biomes have been recog-
nized. The spread and dominance of individual bi-
omes are correlated with the global sea-level and cli-
mate changes that are associated with the glacial-in-
terglacial intervals of the Late Palaeozoic Ice Age
[38, 40-43].

Research methods. The study of vegetation dy-
namics (phytocoenogenetic processes) throughout
the Late Pennsylvanian consists of the analysis of the
changes of the floristic composition of plant
communities and the syntaxonomic composition of
the Kasimovian and Gzhelian vegetation of the Do-
nets Basin. The syntaxonomic composition of
vegetation cover was identified based on the
conducted ecological-floristic classification of the
Kasimovian and Gzhelian plant communities by the
Braun-Blanquet method [9, 10].

The object of the study of phytocoenogenetic
processes is the florocoenotic complex that includes
the sum of similar species in ecological-coenotic
strategy and variability dynamics [14, 15, 30, 31].
Three groups of species are distinguished in modern

florocoenotic complexes: 1 — relict species of preced-
ing flora, 2 — ancient core of modern flora, 3 — au-
tochthonous products of species transformation [15].
Based on the analysis of florocoenotic complexes,
four phytocoenogenetic manifestations can be identi-
fied: (1) progressive development (increase in the
number of coenopopulations, increase in species
abundance, strong transformation of external envi-
ronments into phytocoenotic ones, mesophytization
of communities); (2) regressive development (de-
crease in the number of coenopopulations, decrease
in species abundance, weak transformation of exter-
nal environments into phytocoenotic ones, xerophyt-
ization or hygrophytization of communities); (3) a
loss of phytocoenoses from vegetation cover; (4) an
appearance of new types of phytocoenoses [14, 15].

Taking into consideration the possibilities of the
use of plant fossils in palacophytocoenogenetic re-
searches, the study of syndynamics concentrated on
the identification of the role of individual species in
florocoenotic complexes (ancient elements of flora
and new species) and the foregoing directions in the
development of the late Carboniferous phytocoeno-
ses. For the definition of species abundances as the
important indicator of phytocoenogenetic processes,
the quantity of plant remains in fossil assemblages
and the number of locations were taken into account.

Research results and discussions

Phytocoenogenetic analysis of the Late Penn-
sylvanian vegetation cover of the Donetsk Basin.
The study of phytocoenogenetic processes is based
on the analysis of the florocoenotic complexes that
include the diagnostic species of the palaeosyntaxa of
the Late Pennsylvanian vegetation in the Donetsk Ba-
sin. It should be emphasized that the diagnostic spe-
cies of syntaxa are considered as the indicators of en-
vironmental conditions in the Braun-Blanquet classi-
fication system and reflect the ecological-coenotic
feature of phytocoenoses [18]. The peculiarities and
main factors of phytocoenogenesis are identified on
the basis of the palaecosyntaxa in rank of the orders of
the following vegetation types: wetland forests (WFI)
and woodlands (WW]1) of coastal lowlands, wetland
forests (WFp) and woodlands (WWp) of deltaic
plains, seasonally dry woodlands of river valleys
(SWv) and lagoon coasts (SWc). The changes of veg-
etation cover of different landscapes associated with
changing tectonic processes and environmental con-
ditions are considered for four time intervals, which
correspond to the upper Carboniferous regional strat-
igraphic subdivisions (Fig. 2).

The Toretskian vegetation cover developed un-
der the conditions of ascending tectonic movements
in the beginning of Toretskian time and the predomi-
nance of descending movements in the next bigger
part of this period [3-5]. The descending movements
were accompanied by extensive transgressions as
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well as the spread of swampy territories with rich
wetland vegetation [27].

The Toretskian vegetation was represented by
the plant communities of three orders (Fig. 2). The
florocoenotic complex of the wetland forest commu-
nities of coastal lowlands of the order Neuroptero
ovata-Crenulopteretalia lamuriana Boyarina ms.
(WFI-1) is characterised by the appearance of numer-
ous new coenopopulations (19 form-species, includ-
ing the endemic species of Sphenopteris rossica
Zalessky) and the increase in abundance of individual
species (Fig. 3). According to species abundance
(rich plant fossil assemblages), the calamitaleans
with stems of Calamites suckowii Brongniart and
with foliage of Annularia sphenophylloides (Zenker)
Gutbier, A. stellata Schlotheim ex Wood, Asterophy!-
lites equisetiformis (Sternberg) Brongniart, the ferns
with foliage of Crenulopteris lamuriana (Heer)
Wittry et al., P. arborescens (Schlotheim) Brongniart,
P. hemitelioides Brongniart, Nemejcopteris feminae-
formis (Schlotheim) Barthel, Sphenopteris rossica
and the pteridosperms with foliage of Neuropteris
ovata Hoffmann played a major role in wetland for-
ests. These changes indicate the progressive develop-
ment of wetland forest communities within coastal
lowlands. The analysis of the florocoenotic complex
of the wetland forest communities of deltaic plains of
the order Subsigillario-Acithecetalia polymorpha
Boyarina ms. (WFp-1) testifies to the progressive de-
velopment too, which was manifested in the appear-
ance of more than 10 new coenopopulations (Fig. 4).
These coenopopulations are mainly presented by the
subsigillarian lycopsids, such as Subsigillaria bian-
gula (Weiss) Shchegolev, S. brardii (Brongniart)
Weiss emend. Shchegolev, S. halensis (Weiss)
Shchegolev, S. sulcata (S¢urovskij) Shchegolev, S.
weisii  Shchegolev,  Syringodendron  angustum
Shchegolev, S. brardi Shchegolev. The composition
of the seasonally dry woodland communities of river
valleys of the order Cordaito principalis-Odon-
topteretalia subcrenulata Boyarina ms. (SWv-1) was
replenished by a few new coenopopulations at the be-
ginning and end of Toretskian time (Fig. 5). It should
be noted that the data about the vegetation of river
habitats are not sufficient, because the fossil
assemblages from floodplain deposits are only com-
posed of rare allochthonous plant remains and these
fluvial sediments are presented less than lacustrine-
deltaic strata in the Toretskian section. The exception
is the numerous conifer remains that were found at
the base of the Toretskian. These walchian conifers
belonged to the woodland conifer-communities,
which grew within river valley slopes and plakor ar-
eas, and are not considered here in phytocoenoge-
netic aspect. It follows from the above that the pro-
gressive development of the plant communities of
coastal lowlands and deltaic plains took place in

middle and late Toretskian times, during which the
lowland areas with a humid climate were widespread.
The Kalynovian vegetation cover developed un-
der the conditions of tectonic regime changes,
namely: the short period of descending movements
by the longer period of the predominance of ascend-
ing ones. The latter period was characterized by the
extensive distribution of river networks in a context
of the tectonic activation of demolition areas [5].
The Kalynovian vegetation was represented by
the new types of wetland forest communities of
coastal lowlands (WFI1-2) and deltaic plains (WFp-2),
as well as seasonally dry woodland communities of
river valleys (SWv-1) of the same order as in To-
retskian time (Fig. 2). The florocoenotic complex of
the wetland forests of coastal lowlands of the new or-
der Calamito suckowii-Pecopteretalia densifolia Bo-
yarina ms. (WFI-2) includes the new coenopopula-
tions, which were represented by the ferns with foli-
age of Pecopteris densifolia (Goeppert) Weiss, P,
platonii Grand’Eury, P. oreopteridia Brongniart. In
general, this complex is characterised by the in-
creased species abundance of the ferns with foliage
of Pecopteris densifolia, P. arborescens, P. bredovii
Germar, P. unita Brongniart, Nemejcopteris feminae-
formis (Fig. 3). Consequently, the formation of new
plant communities of coastal lowlands was the result
of their progressive development. The wetland forest
communities of the new order Subsigillario-Odon-
topteretalia schlotheimii Boyarina ms. (WFp-2)
within deltaic plains were also formed due to the pro-
gressive development as evidenced by the appear-
ance of up to 10 new coenopopulations, including the
endemic species: Subsigillaria simplex Shchegolev,
S. donetciana Shchegolev, Pecopteris mironovana
Zalessky and Tschirkova (Fig. 4). The communities
of deltaic plains were replenished by both new spe-
cies (pteridosperms and ferns) and some species of
the ferns that grew within coastal lowlands in To-
retskian time. The particularity of the plant fossil as-
semblages from deltaic deposits of the Kalynovian is
the more common plant remains of the hygro-meso-
phytic pteridosperms with foliage of Neuropteris
crassinervis Shchegolev ms. and Odontopteris schlo-
theimii Brongniart in comparison with the rare re-
mains of subsigillarian lycopsids. The increasing role
of hygro-mesophytic pteridosperms may testify
about the mesophytization of deltaic plain communi-
ties that is another indication of the progressive de-
velopment of these communities. The florocoenotic
complex of the seasonally dry communities of river
valleys (SWv-1) shows the increased number of coe-
nopopulations from the end of Toretskian time with-
out the change of phytocoenotic properties of species
in Kalynovian time (Fig. 5). Such phytocoenotic pro-
cesses demonstrate only the increased species diver-
sity of these woodland communities in the composi-
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Fig. 2. The upper Carboniferous regional and megafloral subdivisions,
lithostratigraphy and the late Carboniferous vegetation of the Donets Basin:

1 — limestones; 2 — coal seams; 3 — red beds; 4 — siltstones; 5 — sandstones; 6 — mudstones;
WF1 — wetland forests of coastal lowlands; WWI1 — wetland woodlands of coastal lowlands;
WFp — wetland forests of deltaic plains; WWp — wetland woodlands of deltaic plains;

SWv — seasonally dry woodlands of river valleys; SWc — seasonally dry woodlands of lagoon coasts
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and woodlands (WWI) of coastal lowlands of the Donets Basin
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Fig. 4. Composition of the florocoenotic complexes of tropical wetland forests (WFp)
and woodlands (WWp) of deltaic plans of the Donets Basin (legend see Fig. 3)

tion of the same order Cordaito principalis-Odon-
topteretalia subcrenulata.

The Luganskian vegetation cover evolved in
the conditions of the tectonic activity of demolition
areas and the gradual isolation of the Donets epicon-
tinental sea [3-5]. The intensification of ascending
movements and the growth of climate aridization
since the end of Kalynovian time led to the contrac-
tion of coastal wetland territories and the most spread
of river systems and interfluvial spaces. This caused
the significant transformations of plant communities
reflected in the vegetation composition of Lugan-
skian time.

The Luganskian vegetation was represented by
the woodland communities of three new orders (Fig.
2). The wetland woodland communities of coastal
lowlands of the new order Calamito-Pecopteretalia
jongmansii Boyarina ms. (WWI-1) were formed as a
result of the considerable decline of the number of
coenopopulations, as well as the decrease in species
abundance of some coenopopulations, especially the

calamitaleans with foliage of Annularia stellata, As-
terophyllites equisetiformis and the ferns with foliage
of Nemejcopteris feminaeformis, P. unita. The de-
crease of plant species composition is evidenced by
the fact that the calamitaleans with stems of Cala-
mites gigas Brongniart and foliage of Annularia mu-
cronata Schenk and also the ferns with foliage of
Pecopteris densifolia, P. candolleana Brongniart, P,
cyathea (Schlotheim) Brongniart, P. platonii, Sphe-
nopteris rossica are unknown since early Luganskian
time in the Donets Basin (Fig. 3). The ancient core of
the florocoenotic complex of these woodland com-
munities consisted of the species that were previously
part of the wetland forest communities of coastal
lowlands. But in doing so, the main role in these com-
munities became to belong to the ferns, which had
small pinnules (Pecopteris arborescens, P. jong-
mansii Wagner, P. martinezii Stockmans & Williére,
P. monyi Zeiller) as well as the pinnules with fine
hairs on its surface, as could be seen from the point
indentations on fossil materials (Pecopteris daubreei
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Fig. 5. Composition of the florocoenotic complexes of tropical seasonally dry
woodlands of river valleys (SWv) of the Donets Basin (legend see Fig. 3)

Zeiller). Such morphological characteristics of foli-
age are usually considered as xeromorphic [16] and
may point to the moderate xerophytization of com-
munities. The decreases in the number of coenopo-
pulations and species abundances together with the
xerophytization of lowland palaeophytocoenoses tes-
tify to its regressive development in Luganskian time.
The communities of wetland woodlands within del-
taic plains of the new order Neuroptero crassinervis-
Pecopteretalia arcuata Boyarina ms. (WWp) in-
cluded the ferns of one new species (Pecopteris ar-
cuata Halle) as well as some pteridosperms and cala-
mites that were formerly associated with the wetland
forests of deltaic plains (Fig. 4). The pteridosperms
Neuropteris crassinervis and the ferns Pecopteris ar-
cuata were distinguished by increased species abun-
dances. Whereas, the subsigillarian lycopsids and
practically all ferns, which grew within deltaic plains
in Kalynovian time, were absent in these communi-
ties. The considered features of the florocoenotic
complexes of wetland woodland communities of
coastal lowlands and deltaic plains identify the re-
gressive development of communities that resulted in
the loss of wetland forests and the formation of wet-
land woodlands.

At the same time as the transformation of forests
into woodlands within coastal lowlands and deltaic
plains, the plant communities of river valleys under-

went progressive development. It was manifested by
the appearance of 10 new coenopopulations that in-
cluded mainly peltasperm pteridosperms (Fig. 4).
The pteridosperms Autunia naumannii and Lodevia
nicklesii of them were characterized by high species
abundances. These seasonally dry shrub and wood-
land communities of the new order Autunietalia con-
ferta-naumannii Boyarina ms. (SWv-2) occupied
widespread river landscapes in Luganskian time.

The Vyskrivkian vegetation cover was formed at
the time of growing climate aridization and tectonic
activation of demolition areas that were expanded
into the Ukrainian crystalline shield, where the for-
mation of red weathering crusts was going on. The
weathering products were mainly transported by tem-
porary or seasonal rivers and streams, resulting to the
accumulation of thick red-colored deposits. Accord-
ing to the facies analysis of the Vyskrivkian strata, the
predominant landscape types were the plain spaces
with lacustrine-lagoon water bodies [2, 4].

The vegetation of Vyskrivkian time was repre-
sented by the wetland woodland communities of
coastal lowlands of the new order Odontoptero schlo-
theimii-Pecopteretalia  daubreei Boyarina ms.
(WW]I-2) and seasonally dry woodland communities
of lagoon coasts of the new order Pecoptero
daubreei-Sphenopteridietalia germanicum Boyarina
ms. (SWc). The former communities consisted of the
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plants that were part of the woodland communities of
coastal lowlands and deltaic plains in Luganskian
time (Fig. 3). The formation of these coastal lowland
communities was most likely the result of both the
expansion of population ranges and the migration of
plants from deltaic plains to coastal lowlands. These
processes were caused by the contraction of river
landscapes and apparently the smoothing out of eco-
logical-coenotic differences in the palaeophytocoe-
noses of these two landscape types against the back-
ground of increasing climate aridization. The change
of ecological conditions led to the spread of the mes-
ophytic pteridosperms, such as Odontopteris subren-
ulata (Rost) Zeiller and Reticulopteris germarii
(Giebel) Gothan, within coastal lowlands, where the
ferns Pecopteris daubreei continued to dominate. It
can be interpreted as the mesophytization process of
coastal lowland communities. It follows that the con-
sidered specificities of communities, namely the in-
crease of coenopopulations and the mesophytization
of communities, may testify in favor of the formation
of new woodland communities of coastal lowlands
due to their progressive development, but without the

evolutionary changes of flora and with maintaining
low species abundances.

The seasonally dry woodland communities of la-
goon coasts (SWc) were also composed of the plants
of two groups. The plants of the first group (Pecop-
teris daubreei, P. arborescens, P. biotii Brongniart, P
jongmansii) were widespread in Luganskian and con-
tinued to grow in Vyskrivkian times within coastal
lowlands (Fig. 3). The second plant group (Pecop-
teris subelegans (Potonié) Doubinger, Sphenopter-
idium germanicum (Weiss) Kerp et DiMichele) was
associated with the seasonally dry woodlands of river
valleys in Luganskian time. Consequently, the for-
mation of lagoon coast communities could also be the
result of plant migrations along with the expansion of
some population ranges.

The discussed features of dynamics in the palae-
ophytocoenoses of wetland forests and woodlands of
coastal lowlands and deltaic plains, as well as season-
ally dry woodlands of river valleys and lagoon coasts
in Kasimovian and Gzhelian times are displayed in
the scheme of phytocoenogenesis (Fig. 6) that has
been drawn up on the basis of the considered floroco-
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Fig. 6. The scheme of phytocoenogenesis of the Late Pennsylvanian vegetation cover in the Donets Basin

enotic complexes.

Models of phytocoenogenesis. According to the
modern concepts in vegetation science, the evolution
of plant communities leading to the formation of new
types of phytocoenoses (phytocoenogenesis) occurs
in conformity with the transformations of ecological

niches and coenotic systems that were caused by the
changes of abiotic factors [12, 18]. Following these
views, the relationships between the development of
the Late Pennsylvanian phytocoenoses and changing
landscape conditions are analyzed. In the evolution
of palaecophytocoenoses, we distinguish phytocoeno-
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genetic processes (progressive or regressive develop-
ment of communities), which are caused by the
changes of landscape conditions, and manifestations
of phytocoenogenesis (formation of new communi-
ties and loss of old communities) that were generated
by these phytocoenogenetic processes. The features
of such transformations of palaeophytocoenoses in
response to changing conditions are shown in Table 1.

As can be seen from this table, three models of
the formation of new types of communities and one

model of the loss of communities from vegetation
cover can be identified in Gzhelian time. During
Kasimovian time, the progressive development of
plant communities (WLI-1, WFp-1, SWv-1) has been
only determined (Fig. 6).

Each of the phytocoenogenetic models reveals
the certain phytocoenogenetic processes and factors
of transformations of communities. Thus, the for-
mation of one group of the new communities (WFI-
2, WFp-2, SWv-2), which are characterized by the

Table 1

Dependence of phytocoenogenetic processes and manifestations on the changes
of ecological-landscape conditions of the Donets Basin in the Late Pennsylvanian

Landscape
changes

Age

Phytocoenogenetic
processes

Manifestation of
phytocoenogenesis

Vegetation of coastal lowlands

Expansion of
coastal lowlands
with humid climate

Early Kalynovian

Progressive development
(appearance of new
coenopopulations and

increase in species abundance)

Formation of new
wetland forest
communities
(WF1-2)

Contraction of
coastal lowlands
with humid climate

Early Luganskian

Regressive development
(decrease in the number
of coenopopulations

and species abundance)

Re([{zressi\{e development
and substitution o
dominants

Loss of
wetland forest
communities
(WEFL-2)

Formation of new
wetland woodland
communities
(WWI-1)

Expansion of

coastal lowlands and
contraction of
deltaic plains

in the conditions of
increasing aridization

Vyskrivkian

Progressive development

(increase in the number

coenopopulations

due to the migration of
lants from other
andscapes)

Formation of new
wetland woodland
communities
(WWI1-2)

Vegetation of deltaic plains

Expansion of
deltaic plains

Early Kalynovian

Progressive development
(appearance of new

Formation of new
wetland forest

with humid climate coenopopulations ) communities
(WFp-2)
Contraction of Early Luganskian ~ Regressive development Loss of
deltaic plains (decrease in the number wetland forest
with humid climate of coenopopulations communities
and species abundance) (WFp-2)
Regressive development Formation of new
and substitution o wetland woodland
dominants communities
WWp)
Contraction of Early Vyskrivkian ~ Regressive development Loss of

deltaic plains _
with humid climate

(decrease in the number
of coenopopulations)

wetland woodland
communities

WWp)

Vegetation of river valleys

Expansion of Luganskian Progressive development Formation of new
river valleys with (appearance of new seasonally dry
scasonally d? coenopopulations and woodland commu-
climatic conditions increase in species abundance)  nities (SWv-2)
Contraction of Early Vyskrivkian ~ Regressive development Loss of

river valleys (decrease in the number seasonally dry
with seasonally dry of coenopopulations woodland commu-

climatic conditions

and species abundance)

nities (SWv-2)

Vegetation of lagoon coasts

Expansion of lacustrine-
lagoon plains and
contraction of alluvial
plains in the conditions of
increasing aridization

Vyskrivkian

Progressive development

(increase in the number

coenopopulations

due to the migration of
lants from other
andscapes)

Formation of new
seasonally dry
woodlan
communities
(SWe)
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appearance of new coenopopulations and increased
species abundance (evolution, progressive develop-
ment), refers to an evolution-progression model. The
development of these communities took place within
expanding certain landscape types (biotope expan-
sion) and accompanied by the increasing differentia-
tion of ecological niches.

The formation of another group of the commu-
nities (WWI-2, SWc), which is related to the increase
in the number of coenopopulations (progressive de-
velopment) owing to the migration of plants (migra-
tion processes) from transformed landscapes to the
ecological analogs of ecotopes within expanding
landscapes (biotope expansion), belongs to a migra-
tion-progression model. And in doing so, the coastal
lowland communities (WWI-2) were augmented by
the migrants from deltaic plains, whereas the commu-
nities of lagoon coasts (SWc) were formed by the mi-
grants from coastal lowlands and river valleys.

The next two phytocoenogenetic models are
connected with the regressive development of com-
munities caused by the contraction of certain land-
scape types that resulted in, for one thing, the loss of
forest communities and, for the other thing, the for-
mation of the new vegetation types, namely wood-
land communities (Fig. 6). The formation of the new
communities (WWI-1, WWp), which is associated
with the decrease in the number of coenopopulations
and species abundance (regressive development) as
well as structure simplification and dominant substi-
tution in palacophytocoenoses, relates to a substitu-
tion-regression model. These phytocoenogenetic pro-
cesses can be explained by the reduction in ecological
niches because of the contraction of landscapes (bio-
tope contraction).

The loss of communities (WFI1-2, WFp-2, WWp,
SWv-2) from vegetation cover, which occurred as a
result of the decrease in the number of coenopopula-
tions and individuals in remaining coenopopulations
(elision, regressive development), is put forward as
an elision-regression model. The data about the dis-
appearance of species and the decrease in species
abundances obtained from the upper Gzhelian plant
assemblages indicate the significant decline in den-
sity and simplified structure of vegetation cover,
namely forest degradation on coastal areas in Lugan-
skian time and woodland degradation within river
landscapes in Vyskrivkian time. Such transfor-
mations of communities are attributed to the contrac-
tion of certain landscape types (biotope contraction).

Phytocoenogenetic regularities in develop-
ment of the Late Pennsylvanian vegetation cover.
The proposed models of phytocoenogenesis reflect
the main specific features of the Late Pennsylvanian
vegetation dynamics in response to environmental
changes. As already mentioned, the changes of envi-
ronmental conditions were the consequences of, on

the one hand, the global fluctuations of sea levels and
increasing climate aridization [41-43], and, on the
other hand, the tectonic processes in the Donets epi-
continental basin in Late Pennsylvanian times [4-5,
17]. It follows that the interaction between global
sea-level (eustatic) variations and regional tectonic
settings led to certain environmental changes and the
changes of palaeophytocoenoses. The four models of
phytocoenogenesis describe the regularities in devel-
opment of the Late Pennsylvanian phytocoenoses as-
sociated with environmental changes.

The evolution-progression model of phy-
tocoenogenesis reflects the progressive development
of palaesophytocoenoses that is expressed by the ap-
pearance of evolutionary new coenopopulations in
the conditions of the expansion of certain landscape
types (biotopes). In early Gzhelian (Kalynovian)
time, the phytocoenogenesis of wetland forest com-
munities under this model occurred in the period of
the predominance of descending movements that re-
sulted in the expansion of coastal lowlands and del-
taic plains with a humid climate. In middle Gzhelian
(Luganskian) time, the phytocoenogenesis of season-
ally dry woodland communities by this model took
place under the conditions of predominant ascending
movements that led to the expansion of river land-
scapes.

The migration-progression model of phy-
tocoenogenesis conforms to the progressive develop-
ment of palaeophytocoenoses as a result of the migra-
tion of plants from decreasing landscape types to ex-
panding ones (expanding biotopes). The phytocoeno-
genesis of woodland communities under this model
was paralleled by the shallowing of the Donets epi-
continental sea and increasing climate aridization in
late Gzhelian (Vyskrivkian) time. In these condition,
the formation of new wetland woodland communities
was due to the expansion of coastal lowlands and the
contraction of deltaic plains and, also, the formation
of the new seasonally dry woodland communities
was due to the expansion of lacustrine-lagoon plains
and the contraction of river valleys. The latter was the
obvious result of the transformation of rivers into
temporary rivers and streams that experienced alter-
nating wet and dry periods.

The substitution-regression model of
phytocoenogenesis is consistent with the regressive
development of palaeophytocoenoses along with
structure simplification and dominant substitution of
plant communities due to the contraction of certain
landscape types (biotopes). The phytocoenogenesis
of communities by this model was caused by the
transformation of wetland forest communities in
woodland communities. It was a consequence of the
contraction of coastal lowlands and deltaic plains
with a humid climate against the background of the
tectonic activity of demolition areas and gradually
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increasing climate aridization in middle Gzhelian
(Luganskian) time.

The elision-regression model of the loss of
plant communities represents the regressive develop-
ment of palacophytocoenoses in the conditions of the
contraction of some landscape types (biotopes). In
late Gzhelian time, the loss of wetland forest commu-
nities was caused by the contraction of coastal low-
lands and deltaic plains (early Luganskian time), as
well as the loss of wetland and seasonally dry wood-
land communities was caused by the contraction of
river landscapes with deltaic plains and river valleys
(early Vyskrivkian time).

In summary, it should be pointed out that three
proposed models of the formation of new plant com-
munities reflect three main directions in the evolution
of palaecophytocoenoses, in which the basic pathways
of phytocoenogenesis, according to B.A. Bykov [12],
manifest themselves. Namely, speciogenesis and eso-
genesis are reflected in the evolution-progression
model with evolutionarily new species and the
change of dominants. Transgenesis (invasion) and
esogenesis are incorporated into the migration-pro-
gression model without the evolutionary transfor-
mations of flora, but with the increased number of
species and the change of phytocoenotic properties of
species. Transgenesis (elision) and esogenesis are
present in the substitution-regression model with the
decreased number of species and dominant substi-
tution.

Conclusions. The composition of the Late Penn-

sylvanian (Toretskian, Kalynovian, Luganskian and
Vyskrivkian) vegetation of the Donetsk Basin re-
flected in the ecological-floristic classification by the
Brown-Blanquet method have been used for the
study one from forms of syndynamics, namely phy-
tocoenogenesis. The study of phytocoenogenesis has
been carried out on the basis of the palacosyntaxa in
rank of orders including the communities of tropical
wetland forests and woodlands of coastal lowlands
and deltaic plains, as well as seasonally dry wood-
lands of river valleys and lagoon coasts. Based on the
analysis of the phytocoenogenetic processes (pro-
gressive and regressive development of plant com-
munities) and the manifestations of phytocoenogene-
sis (formation of new communities and loss of old
communities) in development of the Late Pennsylva-
nian phytocoenoses, three models of the formation of
new communities and one model of the loss of com-
munities from vegetation cove have been proposed.
The models of the formation of new communities re-
flect the main directions in the evolution of palae-
ophytocoenoses and reveal the relationship between
phytocoenogenetic processes and environmental
changes.
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3MiHM MI3HBONMEHCWIbBAHCHLKOI POCJTUHHOCTI [0oHEeNbKOIo OaceiHy:
CHUHAUHAMIYHUI aCMEKT

Hamaunia Ieaniena bosapina,
K. .-M. H., CT. HayK. ciiBpo0., [ncrutyT reonoriunnx nayk HAH Ykpainu,
Byin. O. ['onuapa 55-06, M. Kuis, 01601, Ykpaina

CrarTs npucBsiUCHA BUBYECHHIO €BOJIIOLIIT ITI3HFONICHCUIIbBAaHCHKUX (iToeH031B JloHenpKoro OaceifHy Ta aa€ nepiii
ySIBJIEHHS PO (iTOIEHOreHe3 B Mi3HbOMY Majieo30i. [laneodiToneHOTHYHI TOCTiKEHHSI BUKOITHOTO POCIMHHOTO Mare-
piaiy i3 03epHHX, 03epHO-00IOTHNX, NENBTOBHX, 3aIUIABHIX Ta 03€pHO-TArYHHUX BiIKIaniB B Oimbmr HiX 17 Mmicre3Ha-
XO[pKeHHIX Ta 11 cBepmioBrMHaX Oyny MpOBENCHI BilNOBITHO A0 CYY4aCHHX YSABICHBb PO PO3BHTOK POCIHHHOCTI. Bu-
BYEHHS IPOIIECiB (iTOIICHOTeHe3y 0a3y€eThCs Ha aHATI31 (IIOPUCTHIHOTO PI3HOMAHITTS, AKE BiTOOpaKeHe B EKOJIOTO-(II0-
pucTruHIKA Kinacudikamii mi3HbOKaM SHOBYTINEHOI pocnuHHOCTI JloHempKoro Oaceiftny 3a metomom bpayn-bmanke. Ha
OCHOBI aHaJTi3y (IIOPOLEHOTHYHNX KOMIUIEKCIB, IO SABISIOTH CO000 HAbip AIarHOCTHYHUX BHIIB CHHTAKCOHIB POCIHH-
HOCTIi B PaH3i MOPSAAKIB, PO3MISHYTO MPOIECH i IposBH (iTOLEHOTSHE3y Ta 3aIPOIIOHOBAHO TPU Mozeli (GopMyBaHHS
HOBUX YTPYyIOBaHb — €BOJIOLIHHO-TIPOTPECUBHY, MIrpallifHO-IPOrPECUBHY, CYOCTHTYLIIIIHO-PETPECUBHY Ta OJJHY MOJIEIb
BUIIaJJaHHS YTPYIIOBaHb 3 POCIMHHOTO MOKPUBY — €JTi3IHHO-pETrpecHBHY. JBOJIIOLIHHO-ITPOTpeCHBHA MOJIENb BiANOBIa€e
MIPOTrPECUBHOMY PO3BHUTKY Haie0(iTOLEHO3IB, SIKUil IPOSBUBCS TIOSIBOIO EBOMIOLIITHO HOBUX IIGHONOMYJISIIN y X cKiai.
MirpaniifHo-niporpecuBHa MOJIENb BiloOpa)kae IPOrPECUBHUI PO3BUTOK IMaseo(diTOIEHO3IB B pe3ysbTaTi Mirparii poc-
JIMH 13 CKOPOYYBAHUX JI0 IIMPOKO PO3MOBCIOKEHHUX THUIIB JTaHAmadTy. CyOCTUTYIIITHO-perpecBHA MOJICITh BiIIIOBIIa€
PETPECHBHOMY PO3BUTKY IMaIeo(iTOICHO3IB MIPH CIIPOIICHHI CTPYKTYPH Ta 3MiHi (CYOCTUTYIIIT) JOMIHAHTIB POCIMHHUX
yrpymnoBanb. Emi3iitHo-perpecruBHa MoIeib BifoOpaxae perpeCHBHUN PO3BUTOK Ta BUMAMIHH (€Ii3if0) maneoditomeHo-
3iB i3 CKJIAAYy POCIMHHOTO MOKpHBY. (IS KOXKHOI i3 Mofenell QiToneHoreHe3y BUABICHI 3aKOHOMIpPHOCTI (hopMyBaHHS
POCIMHHUX yIPYIIOBaHb, SIKi PO3KPHBAIOTH 3B'SI30K JUHAMIKH POCIHMHHOTO MTOKPHBY Ta 3MiH JaHAIIA()THO -eKOJIOTTYHHX 1
KIIIMAaTHYHUX YMOB.

Knrwuoegi cnosa: pocrunnuii nokpus, Qimoyernocenes, nisHiil neHcuib8atit, Joneyvkuil daceti.
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