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Lethaia,

T r e n d s leading to the foliar and floral structures of angiosperms may be deduced
by comparison with Mesozoic gymnosperms. T h e Debeya-Fontainea
group of
Cretaceous angiosperms closely resembles the Early Mesozoic Scoresbya group
of pteridosperms with regard to leaf characters. T h e bivalved capsules of Jurassic
Leptostrobus, with stigmatic bands, are regarded as the forerunners of certain
types of angiosperm carpels. T h e angiospermous characters arose in several
lineages of g y m n o s p e r m s and were probably accumulated by non-sexual transfer
of genetic material. T h e earliest angiosperm mega- and microfossils have been
reported f r o m the Middle and U p p e r Jurassic of the n o r t h e r n hemisphere. Most
of these angiosperms were confined to chaparral-like communities dominated by
s h r u b b y conifers a n d cycadophytes. T h e rise of angiosperms was promoted by
the climatic changes and the simultaneous rise of hnarrimals.
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It has been suggested chat fossils have no or negligible bearing on the theory of
angiosperm evolution because the angiosperms were 'ready-made' when they
arrived in the geological record, their early history being hidden from us by
the gaps in record. Darwin suggested that the angiosperms had arrived from
the vicinity of the South Pole, where no fossil plant localities were known in
his time. Bailey, Croizat, Plumstead, Melville, and others developed the theory
of a southern origin of the angiosperms as an alternative to the boreal origin
advocated by Heer, Engler, Seward, and others. Neither theory has been
substantiated in the rapidly accumulating fossil record. Furthermore, the
concept of submerged land masses (the Arctic Land, or parts of Gondwana),
which might have been the original home of angiosperms, is no longer popular
among earth scientists.
Another escape from Darwin's 'abominable mystery' is the theory of
an upland origin of angiosperms. Their ancestors are then claimed to have
been upland plants as well and not preserved in the fossil record (Axelrod 1960).
T h i s is the best way to make the problem unsolvable ab initio. However, the
fossil record of plants is by no means restricted to the lowland vegetation.
Moreover, the changes of climate bring about altitudinal migrations (uplandlowland). Chaney (1936) emphasized the role of altitudinal migrations in the
history of the Tertiary vegetation. There are also several examples of syndynamic changes of Mesozoic communities. T h e dominant lowland type of Late
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Fig. 1. Comparison between Early
Mesozoic and Late Cretaceous leaf
types. A. Debeya
tikhonovichii
(Krysht.) Krassil. f r o m the U p p e r
Cretaceous of Sakhalin, x l . B.
Cuticle of the same leaf, X 395.
C. Imania heterophylla Krassil. &
Schorochova f r o m the U p p e r
Triassic of Primorye, x l .

Jurassic vegetation of East Siberia was the Czecanowskia-Pseudotorellia forest.
Remains of these gymnosperms prevailed in most autochthonous deposits of
fossils (Krassilov 1971). A Ginkgoites-dommatzA type of upland vegetation is
represented in exceptional localities and restricted to allochthonous(or drifted)
facies of the same age. Due to the Early Cretaceous (Barremian to Aptian)
deterioration of climate, the Czekanowskia-Pseudotorellia lowland forest was
replaced by the Ginkgoites forest, which became the principal source of fossil
material. Certain groups of modern conifers entered the fossil record due to
altitudinal migration induced by the mid-Jurassic cooling. If the angiosperms
had been in the uplands at that time, they would inevitably have been brought
to the lowlands along with the conifers. Hence we may conclude with Simpson
(1965:19) that 'first appearances in the known record are accepted as more
nearly objective and basic than opinions as to the time when each group
really originated'. T h e beginning of the geological record of the angiosperms
was hardly separated by any considerable time interval from their actual
appearance.
If the origin of angiosperms is still a mystery, the explanation should be
found not in the gaps of geological record but in the deficiencies of our evolutionary concepts. It was assumed that Mesozoic gymnosperms were too specialized to be the angiosperm ancestors. However, all living beings are spe-
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cialized, and it is rather the despecialized than the unspecialized organism
which gives way to a new adaptive type. Evolutionary trends leading to foliar
and floral angiosperm structures should be revealed by careful examination
of Mesozoic gymnosperms.

Trends of evolution of angiosperm characters
The leaves. — Many authors have discussed the problem of simple versus
compound ancestral leaf form, and it has been realized that modifications
from simple to compound as well as from compound to simple leaves occur
in certain angiosperm lineages (Eames 1961). T h e majority of Mesozoic angiosperm leaves resemble (at least externally) those of Laurus, Magnolia, Ouercus,
Platanus, and other familiar trees. But against them stand out peculiar leaves
named Debeya Miquel, Dewalquea Saporta & Marion, Proteophyllum Velenovsky, Fontainea Newberry, Manihotites Berry, and some others. They have
the same basic type of sympodial branching of segments resulting in a palmate

and Proteophyllum

f r o m the U p p e r Cretaceous ( B - C , after Viniklar, 1931, x 1).
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Fig. 3. Reproductive organs of the Czekanowskiales f r o m the I-ate Jurassic. A - B . Opened
capsule of Leptostrobus showing marginal stigmatic flange and placentae, X 3 and 6. C.
Papillate cuticle of stigmatic flange, X 117. D - F . Antherophores of Ixostrobus showing c u p shaped anther with four fertile lobes and sterile one (connective), X 8. G. Ovule showing
nucellar cuticle and micropylar canal, X 146.

leaf blade. As a rule the segments are asymmetrical, their midribs being
acroscopically naked at the base. I prepared cuticles of Debeya leaves from the
Cretaceous of Sakhalin and found the rather unspecialized anomocytic type
of stomata which is scattered among so many modern families of angiosperms
(Fig. 1B). This group of ancient angiosperms fell into decline at the end of the
Cretaceous. Some pre-Cretaceous plants, generally supposed to be gymnospermous, had closely similar sympodial organization of the leaf segments
(Figs. 2 A-C). T h e Late Triassic - Early Liassic leaf-genus Scoresbya (Harris
1932; Krausel & Schaarschmidt 1968) agrees in shape and venation with
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'Proteophyllum' from the Cenomanian of Czechoslovakia(Viniklar 1931). T h e
leaf-genus Imania Krassilov & Schorochova (1970) from the Late Triassic of
Primorye (USSR) illustrates the transition from monochasial to dichasial
segmentation and is intermediate between Scoresbya and Sagenopteris (the
latter is attributed to Caytonia fructifications). Yet another Scoresbya-like
leaf-genus, Sujfunophyllum (Krassilov 1967), was found in association with
the Early Cretaceous angiosperms.
Pinnate-compound, lobed and even entire angiospermous leaves may be
easily derived from the Scoresbya-Proteophyllum prototype by a short series
of elementary morphogenic processes. T h e Scoresbya-like plants ranged from
East Greenland and Central Europe to Central and Eastern Asia. This broad
area might be a stage of formation of certain angiosperm groups.
The reproductive structures. - Some authors believe that the angiosperms are
not closely related to gymnosperms: the gymnospermous ovule is composed
of the sporangium protected by one or more envelopes, whereas the angiospermous ovule arises as a carpel emergent, and its nucellus is not homologous to a sporangium (Eames 1961). I tried to show in another paper
(Krassilov 1970) that the nucellus of the gymnospermous ovule is not homologous to a sporangium either. T h e pollen-catching devices of the nucellar
apex, i. e. the lagenostome, salpynx, and the micropyle-like nucellar beaks
of the pteridosperms, the Gnetales etc., are certainly of integumental origin.
On the other hand, the corresponding parts of the gymnospermous and
angiospermous ovules are strictly homologous.
T h e foliar theory of the angiosperm carpel is still the most popular among
those plant morphologists who argue about the style of modification of this
originally flat organ by involution, conduplication, or peltation. This classical
(or rather old-fashioned) concept has its counterpart in the Delpino-Penzig
theory of the conifer seed-scale complex, in the same way as the gonophyll theory of Melville corresponds to the ligular interpretation of the seed-scale, developed by Sachs and Eichler. Both the Delpino-Penzig and the Sachs-Eichler theories were abandoned after careful examination of the reproductive structures
of fossil conifers undertaken by Rudolf Florin. T h e current concepts of the
angiosperm carpel would probably face the same fate. It was suggested by
Long (1966) that the dorsal suture of the 'conduplicate' carpel would be
equivalent to the ventral one. Therefore the carpel is not conduplicate but
composed of two halves, probably homologous to the cupule lobes of the
Paleozoic ovules. This hypothesis is supported by the recent discovery of the
Czekanowskiales which demonstrate a fairly advanced stage of carpel formation. T h e female structure of the Czekanowskiales (Leptostrobus) consists of
an axis, bearing spirally arranged, bivalved capsules. T h e capsules are borne
on a short stalk or are nearly sessile. Both valves have similar structure, being
externally convex, longitudinally ribbed, and provided with a flat marginal
flange (Figs. 3A-C). T h e internal surface of the flange is microtuberculate,
densely papillate, forming stigmatic bands. T h e marginal flange is expanded

