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ABSTRACT 

Various systems of classification of the gymno
spermous plants are briefly reviewed. Arnold's 
classification (Bot. Gaz.. 1948) is tentatively 
modified as follows: 

Division: Cycadophyta  Class 1. Pterictosper
mopsida. Order:;: 1. Lyginopteridales. 2. Mec\ul
losales. 3. Glossopteridales. 4. Peltaspermales. 
S. Corystospermales. 6. Caytoniaks. Class 2. Cyca
dopsida. Order: 7. Cycaclales; Class 3. Pentoxylo
psida, Order: 8. Pentoxylalcs; Class 4. Cycadeol
deopsida, Order 9. Cycackoicleales. 

Division: Chlamydospermophyta - Class Gneto
psida. Orders: 1. Gnetales (restricted to Gnetum). 
2. Welwitschiales. 

Division: Coniferophyta - Class 1. ConiIcro
psicla, Orders: 1. Cordaitales. 2. Ginkgoales; 
3. Coniferales; Class 2. Ephedropsida. 4. Epheclrales; 
Class 3. Czekanowskiopsicla. Order: S. Czekanows
kiales; Class 4. Taxopsida. Order: 6. Taxales. 

The position of the Pen toxylales, Ephedrales. 
Glossopteridales and Czekanowskiales is discussed 
in the light of recent research. 

INTRODUCTIO 

The history of gymnosperm classification 
begins with the year 1827 when Robert 
Brown recognized the naked seed of the 
Cycads and the Conifers. and called them 
Gymnosperms. Later, Endlicher (1836
1840) gave them the same rank as the 
three divisions of Dicotyledons under his 
Acramphibrya, Adolphe Brongniart ( 1843 ) 
actually included them in the Dicotyledons 
and Bentham & Hooker ( 1862-1883) placed 
them between the Dicotyledons and the 
~10nocotyledons. ltimately, Hoffmeister's 
epoch-making work ( 1851 ) on the develop
ment and embryology of diverse plants led 
Van Tieghem ( 1898) to remove them from 
this intermediate position and he installed 
them as one of the two primary divisions of 
the Spermatophyta1 

Bentham & Hooker (1862-1883) recog
nized only three orders of the living Gymno
spermae, viz. Gnetaceae, Coniferae and Cyca
daceae. The genus Ginkgo was in those days 
traditionally included in the Coniferae, e.g. 
it was included by Eichler ( 1889) in Taxeae 
along with Taxus, Torreya and Cephalotaxus. 

1. The term Spermaphyta which is sometimes 
used is etymologically incorrect. 

But soon after the discovery of motile sperms 
in thi:i genus (HIRASE, 1896), Engler ( 1897) 
created a special cla.· , the Ginkgoales for 
Ginkgo and its fossil representatives. By the 
beginning of the present century the knowl
edge of three more types of fossil gymno
spermons plants had also become sufficiently 
clear and had led to the establishment of 
three more class.s, the Cordaital s, the 
Pteridosperm:i and the Bennettitales. Engl r 
( 1897 ), Coulter & Chamberlain (1917) . 
Engler & !'rant! ( 1926), H.endle ( 1930) and 
others all recognize the Gymnosperms a pri
mary division of the Spermatophyta-Phane
rogamia or Embryophyta - Siphonogama. 
They then directly divide the group into 
classes or orders of co-ordinate rank, viz. 
(1) Pteridospermae (or Cycadofilicales), 
(2) Cycada1cs, (3) Bennettitales, (4) Cordai
tales, (5) Ginkgoales, (6) Coniferales, and 
(7) Gnetales 

In contrast, Berry (1917) divides the 
gymnospermous plants into the Pterido
spermophyta, Cycadophyta and Conifero
phyta without classing them as Gymnosperms. 

DEVELOPMENT OF PHYLOGE. ETIC 
SYSTEMS 

In 1919, Sahni (1920) for the first 
time clearly recognized two main phyletic 
lines in the orders of the G mnosperms: 
(1) the Phyllo.-perms consisting of (a) the 
Pteridospermae, (b) the Cycadalcs and prob
ably (c) the Bennettitales, and (2) the 
Stachyosperms consisting of (a) the Cordai
tales, (b) the Ginkgoales, (c) the Coniferales, 
and (el) the Taxales (separated from tIle Coni
f'rales and including Tax%s, Torreya and 
Cephalotaxu,s). As their names indicate, the 
ovules of the Phyllosperms are borne on 
leaves or regarded to be so, while those of the 
Stachyospc:rms are helieved to be stem
borne2. Besides the differences Jl1 the 
nature of the ovule-bearing organs, Sahni 

2. This difference between the morphological 
nature of the ovule-bearing organ:; o( Cycads a.nd 
Conifers was first pointed out by Strasburger 
(1879 ). 
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also pointed out the differences between the 
generally large and much-divided leaves 
of the former and the simple leaves of 
the latter. Subsequently, Margaret Henson 
( 1921) suggested that Sahni's two main 
lines may have been totally distinct and 
she associated the Stachyosperms with the 
Sphenopsida and the Phyllosperms ,vith 
the ferns. 

Almost simultaneously with Sahni, Cham
berlain (1920, 1935) also recognized two 
main groups among the Gymnosperms and 
called them by the old names Cycadophyta 
and Coniferophyta, Although the composi
tion of Chamberlain's Cycadophyta is the 
same as that of Sahni's Phyllosperms and 
that of his Coniferophyta essentially similar 
to Sahni's Stachyosperms (except that 
Chamberlain also includes the Gnetales in 
the Coniferophyta ), yet the emphasis on the 
primary characteristics in the two classifica
tions is different. 

The main basis of Salmi's classification is 
the morphological nature of the ovule-bear
ing organs. As Scott ( 1923) pointed out 
soon after Sahni proposed his scheme, it was 
mainly a theoretical distinction for some of 
the groups, e,g, the Cordaitales, Bennetti
tales, and Conifers, Schoute ( 1925), who first 
showed that the ovule in Cordaianthus was 
attached on a lateral appendage, pointed out 
that this did not support Sahni's division of 
the Gymnosperms into the Stachyosperms 
and the Phyllosperms. Since then Florin's 
extensive work ( 1938-45, 1951) on the stro
bili of both Cordaitales and Conifers has made 
it abundantlv clear that the ovule in both 
these groups" is borne on the lateral append
age of a short axis. Florin does not pre
cisely state the nature of the ovulate organ, 
but the fact that he often refers to it as a 
megasporophyll suggests that he regards it 
as a foliar structure, No doubt he compares 
it with a telome, but even foliar structures 
are fundamentally telomes, Eames ( 1952 ) 
has already pointed out that the stachyo
spermous character of the Cordaitales and the 
Conifers cannot stand, 

Chamberlain ( 1920, 1935), on the contrary, 
emphasizes mainly the factual details of the 
differences in habit, stem anatomy and leaves 
of the two groups. The names chosen by 
Chamberlain are also non-committal. Ac
cordingly, despite the slight priority of the 
names proposed by Sahni orne recent authors, 
e.g. Arnold (1948), Engler, Melchior & 
Werdermann ( 1954), have preferred Chal1l

berlain's names3 . The acceptance of Cham
berlain's nomenclature for the two lasses 
of Gymnosperms is, however, not against 
Sahni's recognition of the two main phyletic 
lines in this group, only the basis of their 
distinction is different. 

Another feature of Sahni's classification 
which seems to have come to stay is the sepa
ration of Taxus and its allied forms from 
the Coniferales and their inclu ion in a new 
order, the Taxalcs. Florin ( 1948) has sub
sequently upheld Sahni's separation of the 
Taxales as an order of co-ordinate rank with 
the Cordaitales, Ginkgoales and Coniferales 
( restricted), but he includes only Taxus, 
Torreya and three other newly discovered 
genera (Nothotaxus, A mentotaxus and A us
trotaxus) in the group retaining Cephalotaxus 
wi thin the Coniferales, 

The enigmatic Gnctales have been left out 
in a doubtful position by Salmi while Cham
berlain includes them in the Coniferophyta 
but without connecting them to the other 
coniferophytes (see CHAMBERLAIN, 1935, 
p, 4, FIG. 2). Pulle ( 1938) included them 
in a separate class, the Chlamydospermae, 
which is made co-ordinate with his other 
classes of seed plants, viz, Pteridospermae, 
Gymnospermae and Angiospermae. The 
customary inclusion of the three genera 
Ephedra, Welwitschia and Gnetu11'~ in the 
single order Gnetales has also become ques
tionable in view of the contributions of 
Pearson ( 1929), Florin ( 1931, 1933, 1934), 
Eames ( 1952) and others. Arnold ( 1948 ) 
proposed the separation of Ephedra in a 
separate order, the Ephedrales, Eames 
( 1952) goes further and suggests that the 
Ephedrales are nearest to the Cordaitales and 
the Coniferales and rather widely separated 
from Gnetttm and Welwitschia. He also sug
gests the cff~ation of two separate orders, 
Gnetales restricted to Gnetum and WeIwits
chiales for Welwitschia. 

In a new classification of the Gymnosperms, 
Arnold (1948) suggested that the terms 
Spermatophyta and Cymnospermae could not 
indicate natural relationships mainly because 
they are based on single characters. He 
emphasized the differences between the 
Cycadophyta, Coniferophyta and Chlamydo
spermophyta (Pulle's Chlamydospermae) 
and in his classification raised them to the 

3, Takhtajan (1953), however, retains Sa-hni's 
nomenclature and Lam (1950) extends the cI is
tinction even into the Angiosperms. 



67 PAXT THE CL.\.SSIFIC:\TION OF GYMNOSPERMO S PLANT 

status of classes equal in rank with his 
Pteridophyta (ferns only) and Angiospermo
phyta under the division Pteropsida. In 
addition to the separation of the Ephedrales 
(see above) under his Chlamydospermo
phyta he accepted the separation of the 
Taxales under the Coniferophyta. He reject
ed the names Spermatophyta and Gymno
spermae as terms which had" outlived their 
usefulness" . 

EMB 'RGE 'S PREPHANEROGAMS
 
AND PHANEROGAMS
 

In the meantime, the use of the term 
Phanerogams (and its counterpart Crypto
gams) had automatically fallen in disuse, 
mainly because it was a misnomer. Coulter 
& Chamberlain (1903) are against the use 
of the term because it artificially combines 
the Gymnosperms with the Angiosperms al
though actually they are somewhat more 
closely comparable with the Pteridophytes 
from which it separates them. However, 
Emberger ( 1944) recently reintroduces the 
term Phanerogamae along with a new name 
Prephanerogamae to include the Pterido
spermae and Cordaitales which have no em
bryos in their seeds at the time of shedding. 
According to Emberger, the Prephanero
gamae shed only megasporangia wrapped in 
integuments and not true seeds which, ac
cording to this author, should also have 
embryos at that time. Favre-Duchartre 
( 1943 ) and haudefaud ( 1944) and others 
have pointed out that Ginkgo and the Cyca
dales should also be included in the Pre
phanerogamae because in their seeds too 
embryos are absent at the time of shedding 
( this was known long before, e.g. SCHNARF, 
1937). Emberger's classification, which is 
based on a single character, is unnatural be
cause it introduces such anomalies as the 
separation of Pteridosperms and Cordaitales 
from the related Cycadophytes and Conifero
phytes respectively. It also groups together 
such dissimilar plants as the Cordaitales and 
the Pteridosperms. The absence of embryos 
in the seeds of the two groups merely 
indicates that their sccJs are in the same 
stage of evolution. 

ENGLER, MELCHIOR AND
 
WERDERMANN'S YSTEM
 

Engler, Melchior & Werdermann (1954) 
have suggested yet another classification. 

They have incorporated s me of the features 
of Arnold's classification, but have introduced 
the following changes: 

1. The name Gymnospermae is reincor
porated as a division of the plant kingdom 
co-ordinate with the Bryophyta, Pterido
phyta, Angiospennae and others. 

2. Two class names have been changed 
to Cycadopsida and Coniferopsida, and a 
new class Taxopsida has been introduced to 
include the order Ta.·ales. 

3. The class name Chlamydospermophyta 
is changed to Chlamydospermae and instead 
of dividing it into two orders all the three 
genera are included in the single order 
Gnetales as in older classifications. 

4. The Caytoniales have been separated 
from the Pteridospermae and th' Nilssoniales 
from the Cycadales and introduced as dis
tinct orders in the class Cycadopsida. 

5. A new order Pentoxylales, including 
the Pentoxyleae (SRIVASTAVA, 1946; SARI r, 
1948 ), is incorporated in the Cycadopsida. 

6. The Ginkgoales have been shifted from 
the Coniferopsida and included under Cyca
clopsida. 

While some of the changes, introduced by 
these authors, may appear justifiable, there 
are others, e.g. the inclusion of the Gink
goal s under the Cycadopsida, the grouping 
together of Ephedra, Welwitschia and Gnetum 
in the order Gnetales and a different ending 
for the class name Chlamydospermae, 
which are difficult to und rstand. Clearly 
Arnold's classification, though earlier, is more 
systematic. 

A NEW PHYLOGENETIC SCHEME 

A modified form of Arnold's classification 
is, therefore, suggested below. The main 
changes proposed here are: 

1. The names Cycadophyta, Chlamydo
spermophyta and Coniferophyta are raised 
to the divisional rank. 

2. The endings of the class and order names 
have been changed to conform with the re
commendations of the latest International 
Code of Botanical omenclature, Utrecht 
( 1956). 

3. The order Ephedrales has been trans
ferred to the Coniferophyta under Conifer
opsida in view of the recent contributions of 
Florin (1931,1934) and Eames (1952). 

4. A new class Czekanowskiopsida with 
an order Czekanowskiales is formed for 
Czekanowshia and its nearest allies ( HARRIS, 
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1951b). Leptostrob~ts is indeed very different 
from any other known Ginkgoalean fructi
fication and together with its deciduous short 
shoots and forked linear leaw,; it presents such 
a unique combination of reproductive and 
vegetative characters that it would in any case 
appear preferable to class it separately. 

5. The class Chlamydospermophyta in
cluding the Gnetales and the Welwitschiales 
has been placed between the Cycadophyta 
and Coniferophyta to bring it nearest to the 
Cycadeoid opsida which the two genera of 
this clas. resemble in their syndetocheilic 
stomata (FLORIN, 1931, 1934) and, if Pearson 
(1909 & 1929, p. 185) is right, in the 
character of their " tropophytes ". 

6. The Pentoxyleae are included under a 
class Pentoxylopsida under the Cycadophyta. 
They can for the time being consistently fit in 
with the present definition of Cycadophyta. 
Their liana-like polystelic stem structure has 
been compared with that of Medullosa by Ste
wart & Delevoryas ( 1956 ). The form and 
anatomy of their leaves are typically like 
those of the Cycadophyta. They also show 
some apparent resemblances to the male and 
female fructifications of the Cycadeoideales 
(lYIfTTRE, 1954). 

A brief synopsis of the scheme proposed 
here is given below: 

Division - ycadophyta 
Class 1 - Pteridospermopsida 

Order 1 - Lyginopteridales 
Order 2 - lVl:edullosales 
Order 3 - Glossopteridales 
Order 4 - Peltaspermales 
Order 5 - Corystospermales 
Order 6 - Caytoniales 

Cla. s 2 - Cycadopsida
 
Order 7 - Cycadales
 

CIa's 3 - Pentoxylopsida
 
Order 8 - Pentoxylales
 

Class 4 - Cycadeoideopsida (Bennetti 
topsida ) 
Order 9 - Cycadeoideales (Bennet

titales)
 
Divis£on - Chlamydospermophyta
 

Class 1 - Gnetopsida
 
Order 1 - Gnetalcs
 
Order 2 - Welwitschiales
 

Division - Coniferophyta 
Class 1 - Coniferopsida
 

Order 1 - Cordaitales
 
Order 2 - Ginkgoales
 

Class 2 -	 Ephedropsida
 
Order 3 - Coniferales
 
Order 4 - Ephedrales
 

Class 3 - Czekanowskiopsida 
Order 5 - Czekanovvskiales 

Class 4 - Taxop,;ida 
Order 6 .-- Taxales 

It will be noticerl that in the above scheme 
the Caytoniales are retained within the 
Pteridospcrmopsida. Harris (1940, 1951a) 
has already pointed out that our knowl
edge of the Caytoniales is far from being 
complete and all we know about them makes 
them quite respectable Pteridosperms. Sepa
rating them from the other Pteridosperm 
as done by Engler, Melchior & Wer
dermann ( 1954) but retaining the Corysto
spermaceae ( TH<nIAS, 1933 ) and forms like 
Gnetopsis and Calathospermwn ( W ALTON, 
1949) within that group would require a 
change in our conception of a Pteridosperm 
itself. It is, however, possible that we have 
to regroup the Pterido'permopsida and till: 
Cycadopsida at a later date when more is 
known about them. 

The position of GlossoPten:s and Gangamo
pte1'is ( along with some possible allied forms, 
e.g. Palaeov1:Ual'ia and Rhabdotaenia) is at 
present uncertain. Plumstead (1957) in
cludes them in a new class Glossopteridae 
and places them between the Angiosperms 
and the Gymnosperms. Lam (1957) in
cludes them in the Glossopteridales which 
is made co-ordinate with the Pteridosper
males and placed next to them. The 
leaf-attached fructifications recently describ
ed by Plumstead (1952, 1956, 1957) un
doubtedly constitute remarkahle finds, but 
none of them so far shows any carbonized in
crustation. That they are fructifications of 
some kind is quite certain, but their inter
pretation as female, bisexual (or male ?) 
fructifications, as the discussions at the end 
of Mrs. Plumstead's papers also show, is 
largely a matter of conjecture. The nature 
of the fructifications in the new fertile 
Glossopteris, named Lidgetton£a by Thomas 
( 1958), is likewise unknown. Fructifica
tions, borne on a slender stalk arising from 
the rachis (midrib), are already known to 
occur 'in the Pterido perms, e.g. D£plopteri
dium teilianu1n (WALTON, 1931). Zeiller's 
Oltokar'ia (ZEILLH:, 1902) (with its stalk 
appearing connected to the midrib of a 
Glossopteris leaf) which assumes additional 
significance in view of Plumstead's publica
tions also looks lik:e some laterally flattened 
male fructifications of the Pteridosperms. 
The microsporangiate discs described by 
Pant (1957), if they have any connection 
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with Glossopteris, could also be compared "vith 
some male fructifications of the Medullosae, 
e.g. Potoniea. The epidermal structure of at 
least some species of Glossopteris (PANT, 
1957) has Gymnosperm type of lignine 
lamellae. Thesc occur in association with 
gymnosperm-like sporangia containing two
winged pollen grains and seeds containing 
similar two-winged pollen grains inside their 
micropyles. Similar-looking sporangia or 
seeds are found in association with Glosso
pteris in widely separated parts of the Gond
wanaland, e.g. Africa, India, Australia and 
South America. It is, therefore, possible 
that they belong to Glossopteris. The second
ary \-vood and solid-rayed stele of Verte
braria (WALTON & WILSON, 1932; P .1T, 
1956 ) which is reported to bear Glossopteris 
leaves (ZEILLER, 1896; OLDHAM, 1897) 
could also suggest a Pteridosperm. Such a 
Glossopteris would resemble the Caytoniales 
in the venation of its leaves, their general 
cuticular structure, seeds, two-winged pollen 
grains and in having bud scales. The mode 
of attachment of the structures regarded as 
micro- and mega-sporophyJls of the Cayto
niales is, however, not known. Moreover, 
association is weak evidence and it is also 
possible that these sporangia and seeds 
belong to some unknown plants whose other 
parts were not preserved. A number of 
fructifications have been attributed to Glos
sopteris from time to time on the evidence of 
association and it could even be that the 
form genus Glossopteris may include leaves 
of diverse plants. Till recently, out of the 
only two known cuticles of Glossopteris, the 
cuticle of the African leaf assigned to 
G. indica by ZeiJler (1896) with its thick 
straight-walled cells appeared markedly dif
ferent from that of the Indian leaf attribut
ed to G. angustifolia by Sahni ( 1923 ). The 

author's study of some African leaves, how
ever, suggests that thick-walled cells and 
stomata like those of Zeillcr's G. indica can 
occur, e.g. over the midrib of G. fibrosa whose 
stomata and epidermal cells over the lamina 
are somewhat comparable to those of Salmi's 
G. angustyolia. The work of Srivaotava 
( 1956) and Surange & Srivastava ( 1956), 
no doubt, suggests generic differences within 
the leaf forms Glossopteris and Gangamopteris 
but they suggest that such genera must have 
been closely related. 

Therefore, until more favourable attached 
fructifications are found, it would involve 
fewer difficulties if we retained the Glos.o
pteridae or Glossopteridales in the Pterido
spermopsida instead of putting them in the 
spectacular position between the Gymno
sperms and the Angiosperms. 

Even otherwise the classification suggested 
above, as all classifications must be, is a 
tentative one. It will have to be modified 
as our knowledge of the Gymnosperms pro
gresses. It does not assign any position to 
the more incomplet 'ly known fossil form 
genera attributed to the Gymnosperms. For 
these a status quo can be maintained until we 
know more about them. And finally the 
name "Gymnosperms", although ousted 
from its traditional position in a na ural 
classification, will, however, continue to be 
used as a common designation for all naked
seeded plants. Even phylogenetically the 
name can serve to indicate the naked
seeded level in the evolution of th" higher 
plants. 

ACKNOWLEDGEME T 

I am deeply thankful to Prof. Chester A. 
Arnold for going through the manuscript 
and for his valuable suggestions. 

REFERENCES 
ARNOLD, C. A. (1948). Classification of the 

gymnosperms from the viewpoint of Palaeo
botany. Bot. Gaz. 110(1).2·12. 

BE:-isON, iVI. (1921). The grouping of vascular 
plants. New Phyt. 20: 82-89. 

BENTHAM, G. & HOOKER, J. D. (1862-1883). 
Genera Plantarum. ](ew. 

BERRY, E. VV. (1917). The classification of 
vascular plants. Nat. Acad. Sci. 3: 330-333. 

BRONGNJART, A. (1843). Enumeration des genres 
de plantes & c. Paris. 

BROWN, R. (1827). Character and description of 
Kingia, with observations on the structure of 
its unimpregnated ovulum on the female flower 
of Cycadaceae and Coniferae. 

CHAMBERLAIN, C. J. (1920). The living Cycads 
and the phylogeJl y of seed plants. American 
J. Bnl. 7: 146-153. 

Idem (1935). Gymnosperms, structure and evo
lution. Chicago. 

CHAUD!>;FA UD, YI. (1944). Les Prephanerogames. 
Rrll. Scient. Anee Paris. 82. 

CO LTER, J. M. & CH.-\wl!3ERU1:-i, C. J. (1903). 
Morphology of Angiosperms. Chicago. 

Idem ( 1910). Morphology of Gymnosperms. Chicago. 
EAMES, A. J. (1952). Relationships of the 

Ephedr'l.k~. PhylolllOrpholngy. 2: 79-100. 
EICHLER, A. VV. (1883). 5)!I'abllsrlcr VCW!riSul1gC1t. Ed. 3. 
:rOMBERGER, L. (1944 )...Lcs Plantes fo~siles dans 

leurs rapports avec los veg0taux vivants. Paris. 



70 TllE PALAEOBOT.-\~TST 

El'DLlCHER, S. (1836-1840). Genera. P1ant"rum. 
ENGLER, A. ( 1892). Syllabus del' Vorlesungell iib"r 

speciellc undmedicinish-pharmaeeutische Botanik. 
ENGLER, A., l\lELCIlIOR, H. & 'vVEI<DEI<MA:-;N, E. 

(1954). Syllabus del' Pflanzenfamilien. 1':<1.12(1). 
Berlin. 

E:'<GLER, A. & PRANTL, K. ( 1926). Di natiirlichell 
Ptlanzenfamilien. 13. Gymnospcrmae by R Pilger. 

FAVRI':-l)UCHARTRE, :\1. (1943). Sur le comporte
ment des ovules de G-inll~u b-iloba. Bull. Soc. 
Bot. France. Paris. 90:111-116. 

F'LORIN, R. (1931). l)ntersuchung"n zur Stam
mesgeschichte cler Coniferales Ulle! Cordaitales. 
1. Morphologie unci Epidennisiructur df'r .\.ssimi
lationsorgane bei den rezenten Konilercn. K. 
Svensk Vl'tl'nsk. /1/uul. Handl. 3 ser. 10: 1-588. 

'Idem (1934). Die Spallbffuungsapparatt' von 
Welw-itschia ·m-imuiti.' Hooker. Sve1/sh. Flot. 
T-idskr. 28: 264-289. 

Idem (1938-45). Die Koniferen des Oberkarhous 
und des unteren Perms. Pts. 1-8. Palal'onto
graph-ica. B85. Stuttgart. 

Idem (1948). On the morphology and relation
ships of the Taxaceae. Bot. Gaz. 110: 31-39. 

Idem (1951). Evolution in Cordaites and Coni
fers. Acta llorti TJerg-ian-i. 15: 285-388. 

HARRIS, 1'. M. (1940). Ca1'101l-ia. /lnn. Bot. 
N.S. 4: 713-734. 

Idem (195Ia). The relationship of theCaytoniales. 
Phytomorphology. 1: 29-39. 

Idem (1951 b). The fructification of Cukal1(Jwskia 
and its allies. Phil. T",,/I.s. 1I0y. S·nc. London. 
B235 : 483-508 

HlRASE,	 S. (1896). (Announcement of the 
spermatozoid of Ginkgo). Bot. Mag. Tokyo. 
10: 171-172. 

HOF[,~IE!STER., W. (1851). Vergki.cllencle Unter
suchungen del' haherer Cryptogamen ulld cler 
Samenbildung c1er Coniferen. I.l'ip:;ig. (Eng!. 
Translation by Cllrrey, F. 1862 ). 

International Code of Botanical Xomenclatllre. 
Utrecht. 1956. 

LAM, H. ]. (1950). Stachyosporv and phyllospory 
as factors in the natural system in the Cormo
phyta. Svensh. Hot. Tidskr. 44: 517-534. 

Idem (1957). Viscussion of :Vfrs. Plumstpaci's 
paper on Otlokaria. l·rans. Ceol. Soc. S. Afr. 59: 
226-232. 

MlTTRE, V. ( 1953 ). A male nower of the Pentoxy
leae with remarks on the structure of the female 
cones of the group. Pa/afoUot. 2: 75-84. 

OLDHAM, R. D. (1897). On a plant of Gtosso/,ten, 
with part of the rhizome attached and on the 
structure of Vertebrar·ia. Rec. Ceol. S"rv. 1l1dia. 
;{O (Pt 1 ): 45-50 

P.\NT, D. D. (1956). all two cOlnpressecl Palaeo
zoic axes: Stigmaria fico ides in the G)'umostrobus 
condition and Vcrtehmria /ndica. ,4l1n. Hot. :N .S. 
20:419·429. 

Idem (1957). The structure of some leavcs and 
fructifications of thc Glossopteris [-Jora of Tan

ganyika. BulL. Brit. NltlSeuni (Nat. Hist.) 
London. Geol. 3(4): 127-175. 

PEARSO:", H. H. W. (1909). Further ohservations 
on Welwi/sch/a. Phil. Tra.ns. lin)'. Soc. LOl1don. 
B200: 331-402. 

Idem (1929). Gnrt·alcs. CrlmIJJ'idgc. 
l'LUMsTEAD, E. P. (1952). I escriptinn of two 

new genera. and six ne\\' species of ructifications 
borne on Glossopteri lea \·cs. Tn/ils Ceol. Soc. 
5.	 Afr. 55: 281-328. 

Idem (1956). Bisexu,,1 fructifications borne on 
Glussvpteris leaves from S. Africa. Pa/aeonta
graphica. BIOO: l-25. 

Idem (1957). On Ottokaria the fructification of 
Gallgamo/Jtuis. Trans. Ceol. Soc. S. Afr. 59: 
211-236. 

PULLE, fl.. (1938). The classification of the 
spermatophytes. Chmn. Bot. 4: 109-113. 

RE:'<DLE, A. B. (1930). The Classification of 
Flowering Plants. 1. Cambridge. 

SA}!?'I, B. (1920). On the structure and affinities 
of ACJIlopyle puncheri Pilger. Phd. Trans. Roy. 
."·oc. I_ondon. B210: 253-310. 

Ielem ( 1923 ). The cuticular structure of Glossopteris 
angust/folia Brong. Rec. Ceol. Surv. India. 54(3): 
277-280 

Idem (1948). The '·'entoxy]eae: a new group of 
Jurassic I'yronosperms from the Rajmahal Hills 
of Illdia. Rnt. Gaz. 110: 47-80. 

SCHX,\RF, K. (1937). .\nalomic cler Gymnosper
mc:n·~all1cn. In Linshauer, K. Hal1dbu.ch del' 
Pf!anunanatol1lie, Pt. J [, 10. Bulin. 

SCHOUTE, J. c. (1925). La nature morphologique 
d" bOllrgcon feminin des Cordaites. Rec. Trav. 
Bot. Neerl. 12: 113-127. 

SCOTT, D. H. (1923). Studies in Fossil Botany. 
2. Londol/. 

SRIV.\STt\V:\, B. P. (1946). Silicifieu plant-remains 
from the I{ajmahal . eries of India. Froc. Nat. 
Acad. Sci. Iudia 15: 185-211. 

~RJVASTAVA, P. ~. ( 1956). Studies in the Glosso
pteris .rlora of [nelia. 4. Glossopter-is, Ga.ngamopteris 
and PI/Illeovitliu'ia from the H.aniganj coalfield. 
Pall/cobot. 5: 1-45. 

STEWART, W. N. & DELEVORYAS, 1'. (1956). The 
meclullosatl pteridospc:rms. Bot. Rev. 22: 45-80. 

STRASBURGER, I~. ( 1879 ) Die Angiospermen and 
die Gyrnnospermen. Jena. 

S'-'RA~GE, K. R. & SRIVASTAVA, l'. N. (1956). 
Studies in the Clo,sopteris flora of Tndia. 5: Gene
ric status of Glossopteris, Ga.ngamoptens and 
f'alaeo1liUaI'i(/.. Palcteobot. Ii: 46-49. 

TAKIITAJAN, 1\. L. (1953). Phylogenetic principles 
of the s~'stcm of higher plants. Bot. Rev. 19: 
1-45 

THo.\IAS, H. H. (1933). On some pteridospermous 
plants from the Mesozoic rocks of South Africa. 
Phil. TraItS. Roy. Soc. London. B222: 193-265. 

Idem (1958). Lidgelton/a, a new typc of fertile 
Clossopteris. Bull. Bnt. j\1useu.m (Nat. Hist.) 
London. Geul. 3( 5 ) 

VAN TIl'GHE'I, PH. (1898). I';Jements de Bota
niql.le. Ed. 3. 

W:\! TO:", J. (1931). Contribufions to the knowl
edge of Lower Carbon ifcrous plan t. Pt. 3. 
Phil. TrailS. Roy ..Soc. Londo1>. B219: 347-379. 

Idem ( 1949). Calathospermu.m scoticurn - an ovu
liferous fructification of lower Carboniferous 
age from Dumh;J.rtonshire. Trans. Roy. Soc. 
I;dillburglr. 61 (Pt. 3): 7l9-72~. 

\V.".LTO I' , J. & \\'ILSON, J. A. R. (1932). On the 
structur' of Vertebrana. Proc. Roy. Soc. Edin
uw·glr. 52: 200-207: 

ZEILLER, lC (1896) Etude sur quelques plantcs 
fossiles, en particlilicr Vertebmria ct Glossopteris, 
des environs cics Johannesburg (Transvaal l. 
nill/. Soc. (;/,o/' FUII/te. Pans (Ser. 3). 24: 
3-1-9-378. 

Idem (1902). Obs ""ations sur quelques plantes 
fm,siles des Lower Gondwanas. JVJem. Ceol. 
SIII11. India (Pal. Iud) ~.S. 2(1): 1-32. 


