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ABSTRACT

With growing studics of fossil plants in fine detail as well as with establishing Conn.cctions between fery;),
and sterile pimt reimains. one now and again comes across parallelism phcnomcna', which may bc‘ manifesie,
in the appearance of similar morphological types and similar serics of variations in different systematical groups
Examples of such series among pteridosperms, cycadophytes and other fossil plants are presented. The cayse, of
the parallelism are often searched in adaptation to similar environmental condiliorfs. Rcmo:rkablc rcm‘xm-nn- of
quite a number of series of morpholegical types in diflerent groups, inhabiting various CNVIFONMENtS in Varioy,
times suggests, however, that at least parily some inherent qualitics of the plant organisation are at the botton of
the parallelism. Since parallelism is a widespread evolutionary phenomenon one has to take it into cop.
sideration during a taxonomical treatment ol fossil plants. Some corresponding methods of fossil plant tayg,.

nomy are suggested.

The main principles of the systematics of fossil plants were worked out during the first
third of XIXth century, i.e. immediately after palaeobotanists recognized that a number
of plant fossils belong to extinct groups. The taxonomic treatment of these plants, which
were hardly comparable with living genera, was of two kinds. If fertile and sterile parts were
known in organic connection, their taxonomic treatment was like that in neobotany. For
plant remains which are too peculiar or, on the other hand, show no salient characters
(to be placed into existent classification of living plants) a code of the systematical features
of once and for all established value has been accepted. The code for plant megafossils was
completed by the end of XIXth century, that for miospores by the sixties of this century.
This code was a basis for delimitation of genera like Sphenopteris, Pecopteris, Phyllotheca, Equi-

seltiles, Lepidodendron, Samaropsis, Leiotriletes, Verrucosisporiles, etc.

This universally adopted palacobotanical systematics arose from the investigation of the
Palaeozoic-Mesozoic plants mainly of Western Europe and for a long time it did not
show dcfects too significant for its revision. Of course, with continuing investigations, es-
pecially of floras of other regions, the systematics was completed, but the very principles of

genera establishment remained fundamentally unchanged.
In recent years, however, with growing dctailed investigations of plant remains

with modern nethods, in the delineations of the genera, including classical ones, serious

recognized. Now and again palacobotanists come across cases, when

shortcomings were
and, on the contrary, leaves and other

similar looking plants have proved (o he unrelated
cw leatures in common in general appearance, have proved (o

parts of plant body, having o
/2 "
that to S01me extent 1);\1;\\‘01»“[;|ni<l<

helong to a single family or even genus, 1 have no doubt,
ormality of the taxa adopted by then. But in strantigraphical,
phytogeographical and cvolutionary studies they often treated these taxa as principally
though somewhat distinet fron, them me their bulk. Only @

always hore in mind the |

corresponding to natural ones,
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rather limited number of genera like Spherioplerts, Samaropsiv and others are commonly con-
ddered notorionshy fomual,

The Tistory of the studies of Angara and Gondwana Upper P
good deal of examples of consequent misinterpretations. It was believed, that many plants
and floras themselves are closely related. In reality their similiarity is 111(;slly a result of the
parallelism (Meyex, 1967-1969). Similar situation has bee :

alacozoic plaunts shows a

; n n observed 1 the comparison
between the L'ppcr Pala.eozmc plants of Cathaysia and S.W. United States (Asayia. 1966
Mavay. 1968). whose similarity is also mainly superficial,

Such situations arce well known to every palacobotanist. The cases. when palacobotanists
referred unrelated plants to the same natural genus on the basis of external similarity alone,
or taxonomically separated closely related plants. are too familiar (o everybody to be further
discussed. Tt scems evident that it is high time to see in these multple examples not any
annoving exception of a good rule. but a new rule, denying or at least completing the old
habitual ones. An attempt to derive some lessons from previously made errors is the subject
of the paper.

At the first sight there is only one such lesson, i.e. to study material more careflully to
prevent further errors. But this observation is only partly justified. Firstly, a material may
be unsatisfactorily preserved so as to respond to relevant techniques. Secondly, many errors
arise due to misinterpretations rather than the scarcity of observations.

CXANPLES OF PARALLELISM IN FOSSIL PLANTS

The external resemblance. unsupported by the natural relationship, may be divided
into two types of situations.

First type (A), which is more often recorded, shows the similarity of individual organs
of different plants or individual plants of different affinities. Another type (B) 1s more com-
plicated and covers the similarity of not individual morphological types but a whole series
of them clumped into two or more systematical groups. Type B corresponds to Vavilov’s
11922) law of homologous series in hercditary variation. The delimitation of both types is
auite conditional and type A is often a special (partial) case of type B. Let us see now the
corresponding examples.

Type A: This type can comprise independently arisen similarity of both sterile and
fertile parts. A classical example of the repetition of the gross morphology in a single organ
'1-af) is seen in the {orm genus Taentopleris, comprising nearly identical leaves, whose pavental
plants might belong to the feins, pteridosperms, cycads, bennettites and pentoxyles. NMore
complete similarity, covering nearly the whole soma, is shown by the Angara and Gondwana
Phyllotheca-like plants, belonging to different families (Tschernoviaceac and Gondwanos-
tachyacecac respectively) but having strikingly similar veeetative shoots (Mreyen, 1969a,
1971,. It is truc that the anatomical structure of Angara phyllothecas s unknown as
yet, énd hence one cannot judge on the similarity of finc details. The likeness of the Lower
Gondwana Buriadia with the northern Upper Palacozoic—Lower Mesozoie conilers can he
seen in the structure of wood, epidermis and in the gross morphology, the reproductive
parts being quite diffrent. An example of the similarity ol the Tatter is seen in seed seale of
the conifer genns Ullmannia and seed seales of Angarva genera Gardiolepis (leaves ol this plant
belong to the senus Phylladoderma) and Stivkovia, which, judging from their leal stracture,
are of quite different affinitics. Such cases are very characteristic for the higher plants, and
further examples would e superfluous,

Type B: Unlike similarity of individual organs or entire plants; the reiteration of the
ceries of variation in different groups received mucholess attention. Therefore, (he eorres-
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cather limited nnml‘u‘r ol venera like Nphenopteris, Samaropsiy and others are conmonly con-
\i(l(‘r(‘d ]1()((\|'i()llF‘\' farmal. ;

© he history of the studices of Angara and Gondwana Upper Palacozoic planty shows a
sood deal of examples ol consequent misinterpretations. 1t was believed, that many plants
;nd foras themselves are closely related. In reality their similiarity is mostly a result of the
narallelism (MEvEN, 1967-1969). Similar situation has been observed in the comparison
;»cm'vun the Upper Paln.cozoi(‘ plants of Cathaysia and S.W. United States (Asava, 1966;
Vavay. 1968), whose similarity is also mainly superficial,

A Such situations are well known to every palacobotanist. The cases, when palacobotanists
referred unrelated plants to the same natural genus on the basis of external simmilarity alone,
or taxenomically separated closely related plants, are too familiar to everybody to be further
discussed. Tt scems evident that it is high time (o sce in these multiple examples not any
annoving exception of a good rule, but a new rule, denying or at least completing the old
habitual ones. An attempt to derive some lessons from previously made errors is the subject
of the paper.

At the first sight there is only one such lesson, i.c. to study material more carefully to
prevent further errors. But this observation is only partly justified. Firstly, a material may
be unsatisfactorily preserved so as to respond (o relevant techniques. Sccondly, many errors
arise due to misinterpretations rather than the scarcity of observations.

ENAMPLES OF PARALLELISM IN FOSSIL PLANTS

The external resemblance, unsupported by the natural relationship, may be divided
into two types of situations.

First type (A), which is more often recorded, shows the similarity of individual organs
of different plants or individual plants of different affinities. Another type (B) is more com-
plicated and covers the similarity of not individual morphological types but a whole series
of them clumped into two or more systematical groups. Type B corresponds to Vavilov’s
'1922) law of homologous series in hereditary variation. The delimitation of both types is
auite conditional and type A is often a special (partial) casc ol type B. Let us scc now the
corresponding examples.

Type A: This type can comprise independently arisen similarity of both sterile and
lertile parts. A classical example of the repetition of the gross morphology in a single organ
leal) is seen in the form genus Taeniopleris, comprising nearly identical Icaves, whose pavental
plants might belong to the ferns, pteridosperms, cycads, bennettites and pentoxyles. More
complete similarity, covering nearly the whole soma, is shown by the Angara and Gondwana
Phyllotheca-like plants, belonging to different families (Tschernoviaceac and Gondwanos-
lachyaceac respectively) but  having strikingly similar vegetative shoots (Meven, 1969a,
1971). Tt is true that the anatomical structure of Angara phyllothecas is unknown as
Yet, and hence one cannot judge on the similarity of fine details. The likeness of the Lower
Gondwana Buriadia with the northern Upper Palacozoic—Lower Mesozoic conilers can he
en in the structure of wood, epidenmis and in the gross morphology, the reproductive
Parts being quite diffrent. An example of the similarity of the latter is seen in seed scale of
the conifer genus Ullmannia and sced scales of Angara genera Gardiolepis (leaves of this plant
bclnng to the senus Phylladoderma) and Slivkovia, which, judging from their leal steucture,
are of quite different allinitics. Such cases are very characteristic for the higher plauts; and
Urther examples would be superfluous.

Cri(:;r.(])'/;"\f.: [%nlil\:c Sil.l"nlil'd-l'ity OF‘ illdi\"id‘ll;.ll nr;_v;;rma or c'nlin: pl.;mls,’ 1lh(‘ 1‘(:il<‘t‘;lliun ol the
anation in different groups received much less attention, Iherefore, the corres-
“otht g ()
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ponding examples will he presented herein a fuller way. In the serics that [ollow (Text-fig, ),
the genera are not cquivalent to cach other, and sometimes seem to represent only mg,,
or less isolated groups of species within a more comprehensive genus. On the other hanq,
some genera in reality may include several closely related natural genera. During the gy,
truction of the series on the basis of morphological and anatomical features, the geographicy)

and stratigraphical distribution has also been taken into consideration.

phology is shown schematically.

——
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Text-Fig. 1.—The distribution of some morphological types of the foliage leaves within serics ;leal mor-
|. Rubidgea and pre-Glossopterids; 2. Rhabdotaenia; 3. Glossopteris; 4. Pleron-

ilssonia; 5. Nilssoniopleris; 6. Pierophyllum; 7. Dictyozamites; 8. Otozamites; 9. Doratophyllum and Macrotaeniopteris;
10. Anthrophyopsis; 11, Pseudoctenis; 12. Clenis; 13. Amdrupiaand Zamiopsis (?); 14. Tatarina; 15. Scytophyllum;
16. Lepidopteris; 17. Angaridiun mongolicum ; 18. Paragondwanidium sibiricum; 19. Paragondwanidium kumpanii; 20.
Dicroidium hughesii; 21. Dicroidium odoniopteroides, D. feistmantelii, Hoegia papillata; 22, 23. Pachypleris; 24. Lddya;

25. Archaeopleris.
Fam. Peltaspermaceae. This [amily compriscs the Permian Taiarina (MEyEN, 1969) and

Triassic Seytophyllum (DoBruskina, 1969) and Lepidopteris (also known in the Permian).
Harris (1932) drew together Lepidopteris and Ptilozamiles, which was sometimes erroneously
referred to cycads. Thc first threc genera show a large number of epidermal types. Some
Seytophyllum with characteristic once-pinnate fronds are more similar in their epidermal
structure to certain Lepidopleris than o the other members of Seplophyllum (DOBRUSKINA,
1969). The same can be said about the relation of epidermal types of Tatarina and Scyto-

Seytophyllum and simple leaved Tatarina are not
known, though among Pursongia® (this genus comprises Tatarina-like leaves vl thioiit

o L . L -
I'he specics P. tunguscana Neub. and P, mongolica Neub. d

lurmal grounds can he ascribed to Glossopteris (Zimina, 1967 :
\ vy, y

b

onot belong to the genus and on tl
Mcyen, 1969),

1€
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cuticle prosenved)theve ave leaves with dissected margin, c.g. P serrata (Srclyr.
S, Meven.

The vsoal delmiitation of the genera Septophyllum, Lepidopteris and Talarina i hased on
the aross marphology of the leall If the delimitation is correct; one can observe parallcl
series ofvariation in the cuticle topography and stomatal structure. Il we modify the sys-
tematics of the family on the basis of epidermal features, the series will stand in genceral leaf
organization,

In their cuticle structure and partly gross morphology the genera Comia, Compsoficris
and Callipleris subgen. Foonia of the Upper Permian Angara {lora are related (o the peltasperms
(Mrevex and Miepissova, 1969). The species of these genera can be arranged in a single
series. At the beginning of the series once-pinnate Compsopteris can be placed. Its secondary
Jateral) veins are more or less regularly repeatedly forked and groups of the veins resulted
do vot shevw distinet central vein; pinnule margin is entire.  In Comia primitiva Neub.
the groups of secondary veins show an incipient central vein, and intermediate veins
occur between the groups; the margin is entire as well. In other Comia species the groups of
ccondany veins become more complicated, the margin correspondingly shows progressive
isscction. The intermediate veins become forked (once to several times) and/or more nu-
merous. In C. dentata Radcz. every group corresponds to a well developed lobe. The pinnules
of C. dobrolubovae Tschal. are more similar to Callipteris pinnae with basally fused pinnules.
In some Comia the main rachis shows wide and sometimes lobed wings with venation. The
wings can be correlated with fused intermediate pinnules of Callipteris. The cpidermal types
among Callipleris subgen. Feonia and Compsopteris are common.

wm

o

Thus, one can see here the same trend of frond variation as in typical peltasperms, but
there are some differences: (1) this series lacks simple leaves; (2) all veins of the fused pin-
nules* enter the marein, whereas in Scylophyllum lateral veins of such pinnules end at the
same place as if the pinnules were free; (3) the pinnules of all the representatives have the
distinct midrib and no forms like Ptilozamiles have been discovered yet (““Dicroidium” ad-
coacanum Zalessky, 1934, undoubtedly belonging to another genus, can be compared with
Ptilozamites in this feature).

Clenis series. Harris (1932) united the genera Clents, Pseudoctents, Quervainca and Mocro-
tueniopteris from the Lower Mesozoic of Greenland into the Clenis sevies, based on cpidermal
featnres. He suggested that Anthrophyopsis, Amdrupia and some Doratophyllum also may belong
to ie ceries, but he refrained from the inclusion of Anthrophyopsis and Clenis into a single
cerics duc to their different morphology, though in their epidermal leatures . crassineroes
Nath. and C. fallax Nath, are nearly indistinguishable.

“Love mentioned oenera can he variously arranged in a sevies. One can begin with
Macratarninpteris and Doratophyllum. The dissection of such leaves leads us to Preudoctoney, and
e wddine of wnastomaoses 1o Clenis. Reverse fusion of the pinnules ol the latter gives Wnth-
rophyopsic 5 he formation of midrily in Clenwis pinnules leads to Quervainea. "Uhe lobing ot margin

of 1 pivoules leads wo dmdvapia. YU is of interest that the margin ol Jurassic utlooplops
hom Couuca e lobed (personal communication ol M. . Doludenko). The transfornw tion
of lcal o pholosy within Ctends series b evidenty similar to those i plevido perms s stoted
above,

A oroup ol parallel gencra with aod withont anastomoses are knowne tor o lone nime

“Vor soch Tieed pinmuades; e Caining oripanal dicthation ob verns, aonow ern Mpinoadod” oy he poes

posed.
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arc: Alethoplerts — Lonchopteris, Ney,,,
Palacoweichselia,  Odontopteris — |,
v suflicient number of speci,

from (e Upper Palacozoie l‘]nr.u.m‘n‘.n! Hnr.ll).‘ :)llnrklt\
Roticulopteris, — Paripteris — Linopleris, e.rr / ( o= e
The first three pairs of the genera arc I.LPIL‘M ‘ e e
ral organization of the frond. The ‘ riat

[ To ascertain this, one can take for analysis 1, 1

feris

lomoplerty.
ionifi Jation i the gene

o see sientficant variation m G >
- P .y A . EPRY Y < \- . . .

in both members of every pair repeats it (. o b m apecies. These are oty

fie features and those which are considered to vary
specifie fe Z

; - distant insertion on the rachis, variation in pinnule dissection f,, 1
outline, then compact “'_ CHiskat 15008 e f the midvein, presence of wings on the racly
the apex of the pinma (o 1ts base, the po\slmfn; Oinnllle of the basiscopic row (in particula, b
distinet or standard appearance o{; lh? )gfﬂ “I?u. trends in variation are revealed by compy.
transformation mto ,-(‘(l}lvfs(! plmAm, ..(?%C;r]:?”c‘ncra Lonchopteris and Linopleris can be divideq
rison of the members of different e  deorc [ the reticulate venation development. |,
into analogous groups on the basis of a degree ol the bssoutthie meninall Qi it 4
some species of both genera the anastomoses completely obsgure 15 A d~ ‘ t SCS. O ‘
lateral veins, whereas in other species the latter are clearly trz}ce. an‘ m{m omo?.u ;. e
mostly in peripheral part of the lamina. Within these groups similar trends in variation of
pinnule morphology can be recorded. . . _ . ) ’ _

Gondicana clossoptenids. Due to fortunate fructification dxscov.erlcs and cuticular Tlu'\lu\
it is now c\-idént that this group is much more diversified than it was thought previously,
Analvzing the distribution of morphological and epidermal features one can see here the same
picture as was shown in above groups, viz. a limited set of features and their feeble correla-
tion with each other.

Within the gencra Glossopteris and Gangamopteris several generalized epidermal tvpes
have been recorded (Surance & Sr1vasTava, 1955) some of them being characteristic of
species of both genera. These genera also intergrade regarding the degree of midyil
development. Some Gangamopteris species have rather few anastomoses. Through such specics
this genus can be morphologically connected with Rubidgea. The latter lacks anastomoses by
its veins often bend and in some places nearly come into contact (R. ovata Maithv). In its vein
and axial zone structure R. ozala is similar to Gangamopleris intermedia Maithy.

There are two main types of reticulate venation of glossopterids. Like Lonchopleris (see
above), anastomoses can only connect the lateral veins, which are easily traced through the
lamina (Glossopteris dectpiens Peistm., G. taeniopleroides Feistm., Gangamopleris cyclopleroides
Feistm., a.0.), or can change the venation into regular network (Glossopteris retifera Teistm.,
G. conspicua Feistm., Gangamopleris intermedia Maithy, etc.). An inconstant feature of both
Glossopteris and Gangamopleris is the presence of the interstitial fibres within meshes (Glosso-

pteris fibrosa Pant, rangamopleris fibrosa Maithy). Identical fibres v

Lo ere also recorded in
Rhabdotaenia (Panr, 1958; Pant & VERMA, 1963). Outlines and cuticular structyre of its
leaves are comparable to those of

. some Glossopleris, Gangamopteris and Palacovitiaria, that can
be explained by the affinity of (h ’

: . ¢ parent plants. Rhabdotaenia leaves have been previously
described as Macrolacniopteris or Taeniopleris, i.e. were linked to
plants. This is not surprising, since Rhabdotaenia, h
lateral veins oriented at the right
some cycadophyvtes than to t)'l)iéa]

By analogy with Clenis series,
Indeed, Pant and Menra (
and noted “general resemb)

the quite another group of
aving thick midrib, open venation and
angle to the midrib, is much closer morphologically to
slossopterids. / |
oo d()\llu‘:‘.can expem. the ‘pinnate leaves among glossopterids.
03] described Pleronilssoniq gopa
ance of their epiderma cel
ol slossopterid leaves like Riabdotacuia harkin; p
IS1. The main macrosco

il with large compound leaves
Is and stomatal apparatus with that
G ant angd Glo,_\ifop/en's colpodes Pant” (1. c., p-
pic difference between Rhabdotaeniq and Pleronilssonia is in simple

Jeaves of the former genye - .
genus, and compound onesin the latter, A seemingly important difference

()
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of Plerontlssonia from typical glossopterids is also in its forked rachis. But Pant and Mchra
noted that the fructilications of glossopterids have been borne on stalk arising [rom the midrib,
which can be consequently considered as forked. The biluretion of the midvein is known
in Belinghtfootia (Lacey and Huarn-Moine, 1967) and Belemnopteris. The latter genus has
(he reticulate venation, whereas that of the former genus is open. Both genera most likely
helong to the glossopterids and add to morphological varicty ol the group.

Parazondicanidium series. 'I'his series, comprising Paragondwanidium, Angaridium and some
Sphenopteris, is chavacteristic ol the Middle-Upper Carbonilerous and Lowermost Permian
of Siberia and especially fully represented in Kuznetsk, Tunguska and Minusa basins. The
series may be begun with Angaridium mongolicum Zal. having once-pinnate frond with wedge-
shaped pinnules, sometimes bilobed. The degree of pinnule dissection increases in A. sub-
mongolicim Neub. and further in . finale Neub. Then thesc dissected pinnules lengthen and
the frond Decomes twice-pinnate rather than once-pinnate, c.g. in 4. potaninii (Schmalh.)
Zal. The latter species is very close o Paragondwanidium petiolalum (Neub.) S. Meyen (NEuU-
BURG, 1948), which is, in turn, similar (especially in its holotype) to P. sibiricum (Petunn.)
S. Meyen. In some specimens of P. sibiricum the pinnules arc strongly lobed and appear like
pinnac with basally fused pinnules. These specimens closely approximate P. odonlopteroides
Zal.) S. Meyen, which was previously described as Sphenopleris, since its frond appears
twice-pinnate. The extreme member of the series is S. kumpanii Neub., resemblance of which
with P. odontcpteroides has been noted by NEUBURG (1948, p. 101): <A more deep dissection
resulting in independent segments-pinnules of Sph. odonloptercides might lead to the pinna type
of S. kumpanii or, vice versa, a fusion of independent pinnules of the latter species might
give lobed pinnules of S. odontopleroides. The venation is similar in general”. I should add that
the venation of the pinnules of S. kumpanii and that of the basal pinnules of P. sibiricum are
practically identical. Therefore it seems reasonable to propose a new combination
Paragondwanidium kumpanii (Neub.) S. Meyen.

Some other series with similar variation of features will be dealt with only briefly.

The most ancient series comprises Devonian Eddya (with simple leaves), Archeopteris
(with pinnate leaf-like organs with pinnules having dissected or entire margin) and Sval-
bardia (with strongly dissected leaf-like organs). The Gondwana Triassic Corystospermaceae
(like Peliaspermaceae) show once-pinnate [Dicroidiun hughesic (Feistm.) Goth.], forked
[D. adontopteroides (Morris)Goth.], bipinnate [D. feistmanteliz (Johnston) Goth.] and bipinnate
with a forked rachis (Hoegia papillata Townrow) fronds. A transition from compound-
pinnate to once-pinnate fronds was shown by DorLubenko (1969) with Jurassic Pachvpleris
(Thinnfeldia). More or less similar series can be outlined among bennettites, in which
epidermally similar Plerophyllum, Anomozamites and Nilssoniopteris differ from each other
mainly in Jeal dissection. In the Carboniferous and Permian of Angaraland a series
connecting once-pinnate Angaropleridium with compound-pinnate Neuropleris appears. In a
single serics can be settled Cathaysian gigantopterids (Asama, 1959, 1962), whosc variation
is similar to that in Clents series and peltasperms.

In the examples presented above the author followed the customary definitions of the
leaf-genera though it may well be that in reality some ol them should be united like Pachy-
pleris and Thinnfeldia (DoLupenko, 1969). Living plant studies show that the [eatures usually
estimated by palacobotanists as generic may be only ol specific importance, For example
extant dsplenivm have both simple Taeniopleris-like and bipinnate leaves. T theiv discus-
sion on the scparation of Glossopteris and Gangamopierts Pant and Sinai (1968) have remind-
cd Seward’s notion, that in living genera of lerns like Scolopendrium the presence ol a midrib is
an mconstant feature within a genus,
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can be outlined among other grouy,
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AUPRIANOVA (1969). -

- ‘\"l‘;:l\.:‘}\iin\ usnnl(convcpt ol the parallclism in higher P]ants some modlﬁcatmn';' shoulg | |
illustrated with the examples of two kind:, [, ,

: ] The parallelism is commonly 1
be introduced. The parallelism 1s ¢ gl L o
one case there are two or more phyletic lines, going independently, but in the same dirceijqy,

ance of features and with similar final forms. It is very suggestive in this respec;
" asporangia and the formation of {},.

~

with similar ch :
the independent reduction of megaspore number in meg :
secd-like structure in the lepidophytes (both arborescent,—Lepidocarpon, and herbaccous
AMiadesmia) and articulates (Calamocarpon). Analogous examples have l?cen considered aboye.
under “iype A”. The parallelism of this type is usually illustrated with taxa of the supra.

generic rank. . . ) C e < - .

In the other case, a parallelism of infraspecific variability of different species or specific
variation of different genera of a single family was demonstrated. Namely this type of the
parallelism has served for revelation of Vavilov’s law (see above) in the first turn. The
maniftstation of this type at the higher taxonomic level (some examples of which have heep
demonstrated above under “B”), has been analyzed in a much lesser extent, though so

b D, ) g me
observations have been published by VaviLov (1922) and a few other neobotanists. What is
the main cause alter all, that the recurrence of the morphological types (at least vegetative
parts) in higher taxonomic groups has been mostly neglected by palacobotanists and
neobotanists?

The reasons seems to be as follows. Among the living higher plants (excepts for the bryo-
phytes) only the angiosperms and, in a lesser extent, ferns show considerable variety in the
morphology of vegetative parts. The articulates, lepidophytes, psilotes, ginkgos and chlamy-
dosperins cpresent r i

Jpcl‘unla, .a;c] rgpm?cnled by one or a few forms. The conifers and cycads are represented
on 7 hig i : i imit .
1 y )}L‘l'llo ly specialized types, showing a limited number of morphological types of sterile
shoots. Likewise, certain type: the ] i et
groups. However “pred XpC: ?’fdlhc i \eafy shaus predominate in extinct plant

g - predominate” does
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e i D s ‘d o vg e ‘)ymanypalaeobotamsts.Thereforeapmctice arose torefer
- icaves to the ferns or pteridospersins (although they mavy | f Tini

shoots with needle leaves were almost i i i 2y 2e @ cyeadalean affinity)

7 o ost invariably included in the conifers (such leaves may
also belong (o the cordaites), pahnate leave Yo
) S/, p g - - o . .
simple leaves with reticulate venat . { were l.lsually considered ginkgoalean, and

The 4 - ] ' naton were mostly ascribed (o the glossopterids, etc

C assumptiorn atl 1o eve . . . a T
. : ption, that to every group of he higher plants copres ' '
foliage Jeaves, prevails in the (axonomical ice of plants corresponds a certain type of
: ) al practice of m; alae . o . :
of groups like czclanowskias and l)cnnr'tlill(s with | many palacobotanists. The discovers
’ & »'- \Il ] L’-iva‘. ()f‘ 0‘.'1' .
appearance respectivelyv, lenele . ) v ginkgoalcan and cycadalean
rp I (,ll\(_’), ](,LI(I\ one to (h(\ (.0“(‘[”"\.“)“, S M

racterictic of that one s of EslZaer b
characteristic of mmore than one aroup, and the only atone type of foliage leaves may be
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with convergeney, tes the adaptation (o certain (

" I would say “uncertain®) environmental
conditions,

As it was shown above, more wide-spread application of the cpidermal and other
microscopic techniques as well as more complete investigation of reproductive organs and
their relation to vegetative parts lead one to reconsider many systematical views. It has been
proved that the combination of diffevent morphological types of vegetative parts within
large svstematical groups is not an exception, but rather a rule. Among cycads forms with
fernlike tronds (Admdrupia and Zamiopsis ?) and simple leaves with anastomoses (Anthrophyopsis)
have been recorded. On the other hand within the glossopterids, usually placed into the
pteridosperms,  Taentopieris-like (Rhabdotacnia) and Nilssonia-like (Pteronilssonia) leaves have
been found. We have learnt that multiveined large leaves were characteristic of several
quite independent groups of the conifers (Phylladoderma, Araucariodendron, Podozamites, etc.).
At the same time from the example of Buriadia one can see that needle leaves may not be
characteristic of the conifers only. The recent investigations have shown that some preferns
possessed leaves indistinguishable from those of the ferns (Sermaya, —EccErRT & DELE-
VORYAS. 1967: ““Pecopleris™ feminaeformis, —BARTHEL, 1968; etc.), that some leaves similar
to ginkgoalean ones belong to progymnosperms (Eddya—Brck, 1967) together with leaves
more characteristic to the preferns and ferns. The analogous picture has been demonstrated
in the distribution of the morphological types of microspores among systematical groups
(e.g., the conifers and pteridosperms show several common types).

It secins, that unbiased reconsideration of the systematical position of the known fossil
plants on the basis of careful study with modern methods will show the growing variety in
different groups and, on the contrary, a fuller recurrence of the morphological types between
the groups. The variety and reiteration of structures in systematical groups of course have
limits (we do not know them). For example, the lepidophytes will hardly show leaves with
reticulate venation; and the cycads certainly would not show needle leaves, concentrated in
the spur shoots (brachyblasts). However, the presence of needle leaves among the cordaites
is quite possible (if the conifers have two main types of leaves, why couldn’t the cordaites?).
Simple leaves with anastomoses may be awaited within the peltasperms and bennettites.

Similarly one can suggest that large groups typically having a single type of the mios-
pores will in future show other types. For example, it may happen that some peltasperma-
ceous pteridosperms had not only colpate pollen (of Ginkgocycadophylus type), known in the
Upper Triassic species Lepidapteris ottonis (Goepp.) Schimp. (Townrow, 1960), but also
some other type of pollen. In favour of this suggestion ave the following obscrvations. In the
copper <Jates (Kupferschiefer) of W. European Zechstein (the Upper Permian ) Lepidopteres
martiniii (I urtze) Townrow is a rather common plant, whereas the findings of corresponding
pollen (of Ginlsocyeadophyius type) are extremely rare not only in the shales but also throughout
the whole Zechatein section. Solitary known pollen grains ol this type may also belong to the
plants whowe leaves are described in the literature as Sphenobaicra (Grupr. & SCHWEITZER,
1962). The palynological assemblages obtained from the hand-specimens full of 2ataring
leaves consist moutly of saccate pollen. The samne pollen is often found adhered to the Tatarina
cuticle, The latier genus (see above) is helieved at presentas helonging o the Peltaspermaceae
on the basis of the cuticular features and obligate wsociation with Peltaspermum dises having

the same cyticular structure. OF course, one can suggest that these Teaves and feactitications

* Buriadia is usually considered aconifer, But Pant and Navvevarn (1967) fowve showva vecently that its

conifer-like twips bear scattered oviles: so there are no gronnds (o retan the penas amony coniloeades,
s hear se:
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appear, than come those with anastomoses (Gangamopleris) and soon with midvein (Glossop-
joi) . whereas fonms without anastomoses are absent. Later leaves without anastomoses and
midvein appear avain, but of anather type than previously (Rubidgea). [further forms with
anastomoses and mostly with midvein prevail, In the end of the group development com-
pound Teaves with forked vachis and lack ol anastomoses(Pleronilssonta), simple leaves without
anastomoses and with strong midvein (Rhabdotacnia), lobed leaves with anastomoses and fork-
od midvein (Belemropleris), and simiple leaves without anastomoses and rather short midvein
(Pelacovillania) appear.

\

The consideration of these and many other examples gives the impression, that the
development of the Teal morphology did not proceed directly from forms of simple venation
and or dissection ta more complicated morphological types, but in a more intricate way. A
croup begins with some ancient forms, which may be considered a posteriori more primitive,
and then it gradually accumulates the whole set of features, simultaneously losing from time
to time other ones o that some plants become similar in some respect to previous (ancestral)
forms.

How can we co-ordinate this statement with classical views on organ morphogeny
and with arbitrary ways of phyletic transformation by overtopping, planation, fusion,
reduction and. incurvation (ZIMMERMANN, 1959)? Essential contradictions with these views
can be escaped if all the enumerated types of transformation are considered real, but more
or less reversible instead of going in one direction. It means that besides reduction we should
also take into consideration expansion (widening) and multiplication (fasciation, poly-
merisation), besides the fusion-the segmentation (dissection), besides the incurvation-the
straightening (rectification), etc. The partial reversibility of the transformations has been
pointed out by Stespins (1950). The concept of reversibility of the morphogenic modi in-
variably leads to a revision of many general and particular phyletic views, but I shall not
draw reader’s further attention on the matter, since it is the subject of a separate paper.

I the plant evolution did go partly in this way, namely by original accumulation of
certain potentialities and then by their switching from one to another, it becomes rather
difficult to consider the environment the only formative factor. It seems likely that environ-
ment plays a role of the Jimiting factor, trigger and modificator in a greater extent than
usually thouglit, and its role was far from leading in formation of many important pecularities
of 11 plaut body. The parallel accumulation of certain morphological types in various groups
and the appearance of forms with more perfect symmetry in the course of evolution suggest
Ut ' ere are <ome unknown internal stimulators of form transformations. [t is possible that
in (e future the regularity of forms and their remarkable recurrence in various groups
(together with a limited set of the types observed) will be expressed in concepts of the general
crystallograply, particular case of which will be usual crystallography of inanimate nature.

PARALLELISM AND FOSSIL PLANT SYSTEMATICS

Whether the o appetions on the causes ol parallelism are correct or ot the very
lact of the independent origin of similar individual organs, entire plants and the series of
them in unrclated group: can be conpidered well cotablished, Therefore v should bhe horne
in mind in taxonomical treatment of plant fossils, The examples presented above convinee
that leaves with or without anatomose, simple or pinnate, with or without widverns may
belong o clo oty related plant., € the contrary, externally steikingly simalar rem s of
vegetative (and cometime of ferule) parts, which were regravded as species of asingle penus,

W reality belong to different funilies orders and even clasess "The characters imvartably
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(at least as generic ones) prove 1o be ineg,y,.
~1 N Yo 1 g AXC 0 o .

group, being ol a different taxonomic \’/r_l,llll' |
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sistant and independently occnrring i vartons

Instead of an accurate ' val
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racters we see their complex recombination
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b(Uﬂ;;:\\1I:;nn:\i‘*‘:\l'smnalizc the plant fossils in these (*nndilvions'to minimize the Po;mhi]ity
It scems that the first and most important premise here is to refrain frop,

(he taxonomical value of any character. The constant value of ,

constructed according

: e,
of conluston:

fixing a strict a prioii of : :
' . T a i I a
haracter is admissible or even necessary in artificial classifications,

dichotomous key. But compiling a classification, approximating to the natural ones, Le,

reflecting not suly a similarity, but also the relationship of the members, th@_taxonf)mica]

calue of most. if not all. features should be established in the course ol the investigatiop,
instead of being fixed beforehand. This approach is put into practice as [ollows.

The systematizing of a group proceeds from minor taxa (o major ones, i.c. at ﬁ’rst spccies
p— agm.l(ld‘ then gencra and only after that one can judge about suprageneric groups,
Usuallv the investigation goes in reverse direction. Firstly palaeobotanists identify the
gencral affinitics of a specimen then look: for a suitable genus in the literature and only
after this begin to think about the species (is it new or previously known), every specimen
having been compared individually with published figures and descriptions.

Let us begin the acquaintance with the proposed taxonomical procedure with species,

The species in palacobotany have no relation to biospecies and may be only morphological
ones, since palacobotanist operates merely with a limited set of the morphological characters,
A single available criterion of the species delimitation in palaeobotany is an interruption
(hiatus) in the continuous sequence of the morphological types. Therefore the first task of the
palacobotanist is to build such a sequence. On the basis of the material coming from a single
locality and layer, a series is built, the members of which differ from each otherin characters
obviously insufficient for species delimitation. The extreme members of the series should be
connccted by a quite gradual transition (shown c.g. with nomogram), so that to refer
them to different species becomes absolutely unwise (though sometimes these series prove to
unite several previously described species). Such series have been called “monotopic”
(Meven, 1966). If a suitable material is available, analogous series are constructed with
remains ol the same type obtained from other beds and/or localities. As a result a totality
arises, [.rther splitting of which, duc to its continuity, is not wise at all. This totality 1s what
can be {I:qurdtd as the palaeobotanical species (in what extent this totality corresponds to
hvn'lg |Jlf.)\,pl:r,'jr:; in any understanding is not known). Aflter this one can analyze the distri-

]l‘)cl:%!Jf;l’;;:ll;g:'a’rjrjf “\)‘1‘: wnhin. 1?1F ‘Lgtzlljty,.C()l'lslant (spcmﬁc) an(‘l variable ones being more or
- Monotopic series permit (o ascertain limits of the species variability and to

reveal the parallelion of variation in different species. ‘

under question is saflicien . it ;11;1 'Iln‘y)m'sill );(l-(ll)' Il'lc morphological .\’.'!ru‘ty of tlu“gm'up

are closer to cach other lh’;m o lyh(;‘,'rj ()‘l' ‘ujl | V(l’l()flﬁt 'fl‘. ll'l“l lél‘rg‘ur Kol Meimhis Qt WINCF‘.

the material from wigonr il bigaes ...'( )’ ‘f 1er totality, bl‘cp by -xl('p‘ the analysis covers
o DesthAnd bigger territory and larger stratigraphical interval, As a result
several totalitics in thejr coordination hecome evident. Onl he - ' heir
taxonomic rank, o decide what eharee e . ‘ » .. l.l y u.n we can estimate lu”
atittsare ol major taxonomical value and what are

0[ ]CS." j”l])()lll'l”('(‘ ()[ I
pJ w < -1 l(.'l [I'(. "(.:\:llll l“‘ ' ¢ ! ‘ "¢ 3 I A . I ‘ ' ‘
llLlL ( l]Lll d( l( rs l,.)l & \’l“ll"w’ly (& ‘“Sl(l(‘]'(‘d Pf_l,'('” T or l l‘”.h l
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reccive the specibic rank or lower. And, on the contrary, the fcatures completely ignored

beforchand, acquire considerable taxonomical value. Simultaneously it becomes cvident,
which characters are native to certain groups and which ones vary in parallels in dif-
ferent groups.

Only 2ficr this it is reasonable to refer to series (but not to a single similar form) of other
floras. 1t may happen in this casc that separate members of series, belonging to different
floras, ave strikingly similar to each other (and were described in the literature under a
commion generic or even species name), whereas the series themselves are different enough.
This situation suggests an external similarity rather than the close relationship of these
seemingly common forms. Of course only careful study based on modern methods can make

the situation clear, but the place of a possible pitfall is known already, and the main hazard
has been left behind.

Now let vs refer to some concrete examples. For a long time the systematics of Angara
Upper Palacozoic cordaitean leaves was based on morphological characters such as dimen-
sions and outlines of the lamina, structure of the apex, density of veins and their degree of
divergence. With introducing epidermal investigation and by the construction of monotopic
series it has became evident (MEevEN, 1966) that externally indistinguishable leaves may
belong to different genera (Cordaites and Rufloria), that the presence ol [alse veins (inter-
stitial fibres), served as a basis for the delimitation of Cordaites from ‘““‘Noeggerathiopsis”, may
be a single character, distinguishing closely related species within both Rufloria and Cordailes,
that in species of different genera and subgenera the variability of apex outlines and of other
characters goes in parallel direction whereas the leaf base morphology is much more
constant.

A construction of something similar to the monotopic series on the generic level has
permitted to put together the genera Scytophyllum, Lepidopteris and Tatarina, whose attribution
to the same family (Peltaspermaceae) is supported by fructification findings, as well as with
epidermal characters and presence of transitional morphological types. Such features as leaf
dissection and mode of venation have proved to be more variable, resulting morphological
types being repeated in other groups. Tatarina leaves, e.g., are much closer morphologically
to Gondwana Palaeovillaria and Rubidgea (possibly belonging to the glossopterids) than to
other peltasperms. At the same time it becomes evident that many peltasperms are charac-
terized by a ‘remarkable thick cuticle and probably by considerable hypodermal tissue
development, so that the veins on imprints are hardly traceble. In this feature, which has
never been paid much attention to from the point of view of taxonomy, the peltasperms
differ well from the corystosperms and, on the contrary, are closer to the Jurassic genus
Pachypleris of unknown aflinities.

Althouch <eparate members of Gondwana corystosperm series and northern peltasperm
(and allicd forms) ccries are very similar to each other (Compsopleris adzvensis Zal. from the
Upper Pormian of Petchora basin is so strikingly similar to Gondwana Triassic Dicroidium
hughecit (T'cictrn). Goth. that at first it was referred by Zalessky to the latter species), but the
total series themeclves differ from cach other rather significantly. Among northern peltas-
perms and allied jlants there are no unquestionable forms with forked vachis and leaves
with the predominance of stomata with four subsidiary cells. At the same time the coherent
leave, with pinnuloids, le. with persistent orginal venation, but Tused primules (a5 1In
Scytophylune), are not known among the corystosperms (thoueh such froads can be predicied
among them by the analogy with northern pelfasperins).

In the delimitation of the Buramerian arborescent lepidophyte genera much attention

15 paid (o the relation of distances between the orthostichics and hetween the leaves i an
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Itis evident that the construction of the series makes the taxonomical work more laboriouys,

Moreover it requires much fuller collections and well prest:rved'. specimens. This 1s, hOV.VCVQT)
the only way to have the systematics, maximally approx1mat}ng_ natur?.l one, to a\f01d the
mi11istci~prctétion due to the parallelism, and to attain a grouping of fossil p}anFs, Wth.h may
be used in stratigraphical, phytogeographical and phylogenetic generalizations with the

utmost success.
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