

















he multiple environmental impacts in turn related to
he global tectono-magmatic events of the Austro-
\Ipine folding phase that affected major fold belts at
bout the Albian-Cenomanian boundary, and the asso-
iated submergence of cratonic areas (Krassilov, 1985).
\ more direct correlation occurs between the major
egetational and volcanic events. Thus, the replace-
aent of xeromorphic communities through the Paleo-
oic-Mesozoic transition on continents was associated
7ith the Siberian Trap magmatic phase. The Jurassic—
‘retaceous boundary vegetational changes in central
\sia were accompanied by the appearance of one of the
rorld’s largest basaltic provinces in northern Mongolia
nd adjacent countries. Eventually, the mid-Cretaceous
:structuring corresponded to the emergence of the
iant circum-Pacific volcanic belt. Such large-scale
olcanic events might have many-sided environmental
onsequences affecting vegetation either directly or
idirectly, by their associated climatic events. Devastat-
ig disturbances could be caused by acid rains follow-
1ig massive discharges of volcanic gases. It is well
nown that conifer forests and wetland communities
& most sensitive to acid rains. Indirect evidence of
ieir effects comes from the mass mortality of aquatic
isect larvae, fishes and other pH-sensitive organisms
svering bedding planes of the finely laminated lacus-
ine deposits at the Baisian and other Early Cretaceous
icalities in the Transbaikalian segment of the Mon-
slo-Okhotian rift system. In several cases (studied by
V. Bugdaeva) a massive deposition of volcanic mate-
al actually correlates with a long-time persistence of
irly seral phases, such as Czekanowskietum repre-
nted by the Czekanowskia-dominated FPA in the
irassic Shadoron Series.

The restructuring of plant communities has evi-
ntly affected terrestrial insects and vertebrates. The
cline of bennettites might have caused extinctions
nong their insect symbionts part of which, notably
etles, may have switched to early angiosperms. As a
nsequence, the latter acquired the solitary cantharo-
ilous flowers of many parts that appeared not earlier
an the Cenomanian. At the same time, the replace-
ent of the sparsely branched large-leaved bennettites
t the copiously branched small-leaved early
igiosperms might increase the total shoot mass at the
pense of the total leaf mass (Krassilov, 1981). These
ianges required an adaptive response on the part of
rge herbivores, and, in fact, there was a replacement
the dominant herbivorous dinosaur groups, the forms

with new dental morphologies appearing in the mid-
Cretaceous time.

AROGENIC SIGNIFICANCE
OF XEROMORPHIC COMMUNITIES

Macroevolutionary significance of xeromorphic
communities is implied by the great evolutionary
potentials of their dominant groups, such as pel-
tasperms that gave rise to the Czekanowskiales, Nilsso-
niales and perhaps other widespread Mesozoic gymno-
sperms. The bennettites and gnetophytes might derive
from trigonocarpalean pteridosperms that, judging by
their coal-ball occurrences, might also belong in the
xeromorphic wetland communities. Even a more
important role in terrestrial ecosystem evolution was
played by the Mesozoic xeromorphic communities that
included diverse proangiosperms—plants showing typ-
ical angiosperm characters but yet not fully angiosper-
mous. A number of adaptive features, such as glochidia,
pappose dispersal structures, as in Problematospermum
(Krassilov, 1973), etc., have appeared in the xeromor-
phic communities. These morphological innovations
forecasted the advent of the angiosperms.

The experimental nature of xeromorphic communi-
ties as laboratories of plant evolution can be exempli-
fied by the Early Cretaceous bennettite-brachyphyll
assemblages of Transbaikalia and Mongolia. First
angiosperms appeared there in the Late Hauterivian—
Early Barremian, that is considerably earlier than in other
vegetational types (Vakhrameev and Kotova, 1977,
Krassilov, 1982a). They were accompanied by diverse
proangiosperms, such as Baisia, Eoantha, Gramino-
phyllum, etc., their remains often occurring in the same
plant-beds (Krassilov and Bugdaeva, 1982 and in press;
Krassilov, 1986). The appearance of angiosperms was
not, thus, an occasional event, but was rather an out-
come of parallel development involving the whole
community of proangiospermous plants representing
different taxonomic groups. Such communities deserve
to be designated as type-forming, or arogenic (by anal-
ogy with arogenic populations: Sinskaya, 1948) for in
them new types of plants have emerged as a product of
parallel evolution.

Chronologically the appearance of angiosperms
correlates with expansion of the bennettite-brachyphyll
communities that replaced fern marshes at the Jurassic—
Cretaceous boundary in the vast territories of central
Asia and other parts of the world (see above). The pro-

Explanation of Platel
Figs. 1 and 2. Debeya cf. pachyderma Krassil., a xeromorphic angiosperm from the Early Paleocene of Yurii Island, the
sser Kuril Islands: stoma and epidermal topography with stomata and trichomes, SEM, x 1000 (1) and 250 (2).
Figs. 3 and 4. Otozamites lacustris Krassil., a xeromorphic bennettite from the Early Cretaceous of Mongolia: stomatal
ne and sioma sunken in aerenchymous mesophyll, SEM, x450 (3) and 1000 (4).
Figs. 5 and 6. Scyrophyllum vulgare (Pryn.) Dobrusk., from the Late Triassic of the Eastern Urals: stomata sunken in mes-

hyll and papillate cuticle, SEM, x400.

See taxonomic descriptions in (Krassilov, 1982a, 1995, Krassilov et al., 1987).
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cess of ecological expansion might promote pioneer
adaptations that enabled xeromorphic communities to
colonize new habitats. Both the first angiosperms and
their accompanying proangiosperms were represented
in the xeromorphic communities by herbaceous or
small woody forms in which the pollen and seed pro-
ductivity was greatly enhanced (e.g., in the case of
Classopollis pollen grains or the bristled cupules of
Baisia) relative to their reduced vegetative sphere.
Developmental acceleration was conceivably a leading
factor of their evolution in turn related to unstable envi-
ronments and pioneer adaptations. Remarkably, the
most productive localities of proangiosperm and early
angiosperm FPA’s came from lacustrine deposits of rift
valleys of the major rift zones traversing Transbaikalia,
Mongolia, northwestern China, southern Australia (the
Koonwarra Fossil Bed), and other regions within the
broad ecotone between the xeromorphic and meso-
phytic vegetation.

PHYTOGEOGRAPHICAL SIGNIFICANCE

The Mesozoic temperate deciduous forest zone is
well marked by both morphological and taphonomic
indications of deciduousness, in particular by accumu-
lations of leafy dwarf shoots and leaf mats. This zone,
with Phoenicopsion as a leading plant formation, occu-
pied northern regions of Eurasia and North America. Its
southern boundary occurred at about 50°N in Asia
ascending to 60°N in Europe. To the south, there was a
broad zone of evergreen (or winter-green) vegetation of
entirely different life forms, such as the pachycaul
Cycadeoidea (Krassilov, 1972¢ and elsewhere). Since
the latitudinal temperature gradient was then much
lower than at present, this boundary was conceivably
controlled not so by the temperature differences as by
the seasonality of precipitation.

In the Mesozoic, precipitation patterns might have
been considerably different from those of the glacial
climate. The present day pattern of a tropical humid
zone and its bordering dry zones relates to a rapid cool-
ing of the ascending equatorial air masses shedding
rain over the tropics. Cool air descending on the periph-
ery of the equatorial zone absorbs water vapor thus
causing subtropical arid zones. In the warm ice-free cli-
mate, the ascending air masses cooled much slower
retaining water vapor until they reached extratropical
latitudes that, consequently, received more precipita-
tion than the equatorial zone. Therefore, a typical pre-
cipitation pattern of the ice-free climate consisted of a
dry equatorial zone and its bordering relatively humid
subtropical zones with the prevalence of winter precip-
itation.

Spatial distribution of Mesozoic plant communities
agrees with the latter pattern. To the very end of the
Cretaceous Period, there was no fossil evidence of trop-
ical rain forests, whereas xeromorphic communities
spread over the tropical and subtropical areas, deeply
penetrating the temperate humid zones along the routes

opened by marine transgression. The subtropical 2
experienced large fluctuations of annual precipitati
as indicated by sedimentary criteria. Characteristic
this zone were the widespread red-bed accumulatio
and carbonate lacustrine facies. In the Jurassic, massi
salt deposition took place in the areas covered with y
omorphic vegetation, whereas in the Cretaceous {
salt-bearing deposits were locally replaced by the co
bearing facies testifying to relatively high precipitatic
At the same time, the richest xeromorphic assemblag
were always confined to the lagoonal-lacustrine calc
reous facies that never extended beyond the range
xeromorphic vegetation.

Distribution of the xeromorphic coastal-littol
communities may explain the sharpness of the Mes
zoic subtropical to temperate zonal boundary (in co
trast to the nearly homogeneous vegetation within t
vast expanses of these zones), with more promine
xeromorphism to the south of the boundary. Penetrati
of xeromorphic communities in the temperate zone w
controlled by marine transgression, seasonality of pr
cipitation and, indirectly, by the global temperatw
changes.

CONCLUSIONS

In this paper, I have attempted an analysis of syng
netic processes involving xeromorphic communiti
that underwent several major restructurings in the tin
span of several geological periods. The successive xe
omorphic coniferoid-peltasperm, bennettite-brach
phyll, and debeyo-dryophyll communities of the Pe
mian-Triassic, Late Mesozoic and the Late Cret
ceous—Paleogene respectively have replaced each oth
within the coastal-littoral domain. Contrary to t
widely held views, a spread of xeromorphic commun
ties might not necessarily indicate dry climate, for the
xeromorphism was primarily related to helophyti
psammophytic and calciphilic adaptations. At the san
time, widespread xeromorphism might indicate mo
phological adaptation to elevated atmospheric carbe
dioxide concentrations that are associated with a lo
stomatal index (as in xeromorphous Debeya pach
derma) and anatomical features of C4 photosynthesis

Syngenetic restructurings of xeromorphic commu
nities were caused by environmental impacts, primaril
the large-scale volcanic activity at about the Permian
Triassic, Jurassic—Cretaceous, and the Early-Late Cre
taceous boundaries. Environmental impacts truncate
seral sequences at some early stages of their develop
ment thus cutting off the climax phase and endangerin
the climax dominants. Their niches were then filled b
surviving species of the pioneer and successions
phases that underwent morphological restructurings i
the process. This scheme relates to the appearance o
xeromorphic angiosperm communities replacing thy
bennettite-brachyphyll communities in the mid-Creta
ceous time.
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SYNGENESIS OF XEROMORPHIC PLANT COMMUNITIES

Xeromorphic communities comprised the most
advanced plant groups of their time. They served as
experimental laboratories for new methods of plant dis-
persal and they cradled the dominant Mesozoic gymno-
sperms, as well as the angiosperms. The latter appeared
in association with diverse proangiosperms that
evolved in parallel in the direction of angiospermy. For
xeromorphic communities direct evidence was
obtained of the plant-insect interaction that played a
significant role in the build-up of biological diversity.

Phytogeographically, the xeromorphic communities
were confined to the broad zone of prevailing summer-dry
climate that, in the warm ice-free epochs, extended in the
Northern Hemisphere from the equator to 50°-60°N.
Shifts of this boundary may indicate global climatic
changes. Further analysis will trace the development of
Cenozoic xeromorphic communities to the modern
types of sclerophyllous vegetation.
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