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EVOLUTIONARY TRENDS IN THE SECONDARY XYLEM OF
WOODY DICOTYLEDONS FROM THE TERTIARY OF INDIA

M. B. BANDE & U. PRAKASH
Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226007, India

ABSTRACT

A large number of dicotyledonous woods have so far been described from the
various Indian Tertiary formations. Based on their published data an attempt has been
made to trace the evolutionary trends in the anatomical features of the secondary xylem
of woody dicotyledons. The studies have shown that there is a gradual increase in the
percentage of woods with advanced type of characters, especially in the axial paren
chyma and the xylem rays, from the Palaeogene onwards to the successive younger
floras.

Key-words- Dicotyledonous woods, XyJotomy, Evolutionary trends, Tertiary,
India.

mmr
~ if; ffiiTlf'l' Il'T ~ '3"'l<1o;!;T~~ 'liT~~ il f-l'flI(1lc'i'fl ~r-

c ...:l ." a

~ ~ m t1;<t ~ li9il'W

~~ 1flR~mr-~T ~;r;rift ~ ~~ il fli:";'I",q<;il~~ 'fiT m
f'!;<rr ~ '!'fiT ~ I ~~T lfl: mmfur~ 'flT'SOTffi 'liT~~ if; lIlTUft<r Ofwrfi
il f-l'flltilc'i'fl~ if;~ 'fiT ~ mrn f'!;<rr l'f!lT ~ I ~ l;f~ ~~~ ~ fifi~

~'fl<"r~~~ erA-~ 4'1fi1fCl"'Ici'i ~~ Wfin:if; Ofwrfi ~ ~'fll"l;OT 'fit,~
l;fm<:r ~ t1;<t ~-~ il, llfumrcrr~~ ~ I

INTRODUCTION primitive stock and during the succeeding
geological eras, evolution -has been going

I N the study of evolution of higher on in them so as to reach the present forms.
plants the role of wqod anatomy Thus, in case of evolution of the secondary
cannot be overlooked. Development xylem in angiosperms, especially the dico

of a well organized wood structure, along tyledons, it is logical to presume that the
with the evolution of reproductive organs, forms of earlier ages Should possess a primi
has played a vital role in deciding the tive type of secondary xylem with more
struggle of dominance in favour ot'aogio- specialized types appearing in the succeeding
sperms against other contemporary pllnt ages (B.S.I.P. Ann. Rep. 1973-74, pp. 17-18).
groups. The Indian Tertiary flora is very rich

Although there is a lot of controversy in fossil woods, both in the Palaeogene
regarding the earliest record of the angio- as well as in the Neogene. Because a
sperms, it is beyond doubt that by the end considerable data is now available regarding
of the Cretaceous they were surely a con- the dicotyledonous fossil woods of this
spicuous element of the flora and became flora, it is desirable to analyse it and
dominant from the Tertiary onwards. If compare it with the observations made
the injunction that the existing forms are on modern woods so as to have an under
the products of this evolutionary process, standing of the lines of evolution of
is accepted, then it can also be suggested s~condary xylem in the Indian Tertiary
that the earliest angiosperms represent the dicotyledons. However, before the actual
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analysis of the Indian Tertiary dicot woods
is taken up, it is advisable to classify the
advanced and the primitive characters in
the secondary xylem of the dicotyledons.
Wood anatomists have reached, entirely
independently, to certain conclusions in
this respect which can be summarized as
follows:

1. The vessel member with a scalariform
perforation plate is more primitive than
the one with a simple perforation plate
(Bailey & Tupper, 1918; Bliss, 1921; Thomp
son, 1923; Frost, 1930a,b).

2. The vessel element with scalariform
perforation plates having many bars (over
15) to a plate is primitive, the type with
intermediate bars (5 to 15) comes next,
and the type with few (five or fewer) bars
is highly evolved amongst these (Frost,
1930b).

3. The length of vessel elements decreases
as they become specialized (Bailey & Tupper,
1918; Bailey, 1920; Frost, 1930a) and
there is a definite trend in Some groups
toward widening of vessels with increasing
specialization (Carlquist, 1961). Con
sequently, their endwalls become less oblique
until a transverse wall is formed (Bailey
& Tupper, 1918; aailey, 1920; Frost, 1930
a, b).

4. Vessels with angular cross sections
are primitive while those with round out
lines are advanced (Bailey, 1924; Frost,
1930a). Important exceptions to this trend
occur in some highly advanced groups
where the angular Characteristic may be
attained secondarily (Carlquist, 1958, 1961;
Bailey, 1957).

5. The evolutionary development of inter
vascular pitting proceeds from scalariform
to transitional to opposite to alternate type
(Bailey & Tupper, 1918; Brown, 1918;
Frost, 1930a, 1931).

6. Diffuse-porous woods usually precede
ring-porous woods (Frost, 1930a). Ho~
ever, the degree to which ring porosity is
environmentally modifiable needs investi
gation. Formation of ring porosity re
presents an evolutionary adjustment to
highly seasonal climatic conditions that
has occurred many times independently
in groups with primitive wood as well as
in groups with specialised xylem (Carl
quist, 1961).

7. The solitary pores are more primitive
than those in various aggregate arrange-

ments like pore multiples, pore clusters,
and pore chains.

8. Evolution has taken place from
tracheids to fibretracheids to libriform wood
fibres (Bailey & Tupper, 1918; Bailey, 1924,
1936).
. 9. According to Bailey (I 920, 1924) and

Bailey and Tu pper (1918) the nonseptate
fibrous tracheary elements precede the
septate elements whose length decreases
as they become more and more spetalized.
However, the evolutionary interpretation
of septation in fibres is not very clear.
Obviously the statistical studies (Metcalfe &
Chalk, 1950) show that fibre septation is
not related to the major trends of xylem
evolution (Carlquist, 1961, p. 51).

10. Heterogeneous rays are more primi
tive than homogeneous rays. Kribs (1935,
1959) has classified the xylem rays of
dicotyledons into following types:

Type 1- Heterogeneous

(a) Uniseriate rays composed of vertically
elongated cells which are unlike the cell~

of the multiseriate pHt of the multi3eriate'
rays.

(b) Multiseriate rays with uniseriate tails
or wings as long or longer than the multi
seriate portion of the ray and composed
of vertically elongate cells similar to those
of the uniseriate rays; cells of the multi
seriate portion are round to oval and
radially elongated.

Type II-Heterogeneous-(Heterogeneous
Type IIa of Kribs, 1935).

(a) U niseriate rays composed of vertically
elongate cells which are unlike those of
the multiseriate portion of the multi seriate
rays.

(b) Multiseriate rays with one large
vertically elongate marginal cell or with
uniseriate tails or wings shorter than the
multiseriate portion of the ray and com
posed of vertically elongate cells si'milar
to those of the uniseriate rays; the cells
of the multiseriate portion are round to
oval and radially elongated.

Type III-Heterogeneous - (Heterogeneous
Type II-B of Kribs, 1935).

(a) Uniseriate rays usually of two types,
some of the uniseriates are composed of
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vertically elongate cells and some are com
posed of cells which are nearly identical
to those of the multi seriate portion of the
the multi seriate rays.

(b) Multiseriate rays with square mar
ginals (not vertically elongate) usually a
single row; cells of the multi seriate portion
are round to oval and radially elongated.

Type IV-Homogeneous

(a) Uniseriate rays composed of cells
which are identical to those of the multi
seriate rays.

(b) Multiseriate rays without square or
verticllly elongate marginal cells; the cells
are all round or oval and radially elongate
with or without tails.

Type V-Heterogeneous

Rays uniseriate only composed of radially
and verticlily elongate cells.

Type VI-Homogeneous

Rays un:seriate only.

Kribs (1935) has also shown that the
evolutionary sequence is from heterogeneous
type I, the most primitive through transi
tional heterogeneous type II (type IIA)
and type III (type lIB) to homogeneous
type VI. The homogeneous type IV rays
are more highly specialised than uniseriate
heterogeneous type V rays which are re
garded as derivatives of either heterogeneous
type I, II or type III. Homogeneous type
VI may have evolved from any 'of the other
types. It appears that the uniseriate types
are highly specialised structures owing to
the elimination of multiseriate rays (Kribs,
1935; Tipp:), 1938).

Kribs' conclusions on the relative ev.)lu
tionary status of the ray types may be sum
marized in the following way as done by
Carlquist (1961). Rays in the most primi
tive woods exhibit the following features:

1. Both multiseriate and uniseriate rays
are present.

2. Both types of rays are high (of marked
vertical length).

3. Both types of rays are heterocellular.
4. Multiseriate rays have long uniseriate

wings.

Wit~ advancement, the following changes
occur In rays:

(a) Multiseriate rays or uniseriate rays
are lost.

(b) There is a tendency for loss of hete
rogeneity in ray cells, particularly
loss of erect c~lIs. Thus, homocellular
rays are advanced.

(c) Multiseriate rays are reduced in size
and number.

(d) U niseriate wings on multiseriate rays
are reduced, ultimately to a single cell.

11. In the axial parenchyma, two main
groups Cln b~ demHcated: (a) ape>tracheal,
in which plfenchyma is distributed without
specific relation to v~ssels, and (b) para
tracheal, in which parenchyma shows a
close association with vessels. Based on
the observatio'ns of earlier workers (Bailey,
1924; Jeffery, 1917; Kribs, 1937; Carlquist,
1961) the evolution of the axial parenchyma
types may be broadly summarised as follows:

(a) Absence of p:uenchyma is primitive
at least in some dicotyledons (Carl
quist, 1961, p. 63). However, axial
plrenchyma is absent in a number
of families havi ng specialised types
of vessels (Carlquist, 1976, p. 20).

(b) Diffuse parenchyma represents the pri
mitive type.

(c) Diffuse-in-aggregate is slightly ad
vanced over diffuse.

(d) Apotracheal banded parenchyma re
presents the most advanced type of
apotracheal parenchyma. Wide bands
are more advanced than narrow bands.

(e) Vasicentric, abundant plrenchyma is
the most highly specialised type.

12. The storied structure of various ele
ments, namely rays, wood fibres, parenchyma,
and the vessel members indicate highly
specialised condition (Record, 1919, 1934;
Carlquist, 1961, p. 65).

Thus it can be seen that a substantial
information is now available regarding
the primitive or advanced nature of a parti
cular anatomical character. However, all
the anatomical characters mentioned above
were not found useful while dealing with
the fossil dicotyledonous woods mainly
due to the lack of uniformity in describing
fossil woods by different authors. Besides,
all the characters are not always available
for their comparative analysis. Thus, within
the limitations of the available data, the
anatomical characters which were found

,
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suitable for analysis are (i) nature of
perforation plates, (ii) type of intervessel
pit-pairs, (iii) vessel end walls, (iv) axial
puenchyma, and (v) the xylem rays.

For this analysis only those fossil genera
and sp~cies have been taken into considera
tion whose description and identification
appear to be reasombly correct. More
ov~r, when more than one species of a
plrticular genus are known in a fossil as
semblage the anatomical data of only well
differentiated sp~cies have been taken into
account.

The diffaent Indian Tertiary strata from
where the fossil dicotyledonous woods have
been analysed are:

l. The D~ccln Intertrappean beds of
Central India (Palaeocene-Eocene - Tables
1 & 2).

2. The Lower Siwalik beds of the
Himalayan foot-hills (Middle Miocene,
Krishnan, 1968, p. 428 - Table 3).

3. Tipam Series of North-east India
(Upper Miocene, Krishnan, 1968, p. 430
Table 4).

4. The Neogene of West Bengal (Miocene,
equivalent to the Tipams, Hunday, 1954;
Hunday & Banerjee, 1967 - Table 5).

5. The Cuddalore Series of South India
(Upper Mioc~ne to Pliocene, Krishnan,
1968, p. 494 - Table 6).

6. The Dupitila Series of North-east India
(Mio-Pliocene, Krishnan, 1968, p. 490
- Table 7).

It is a well known fact that the ecological
conditions quite often affect the anatomical
structures. Therefore, it would be desirable
to broadly consider the ecological condi
tions of the above mentioned Tertiary floras
which form the basis of this analysis.
Lakhanpal (1970), Prakash (1972) and Bande
and Prakash (1982) have recently given
their views regarding the past environ
ments of these floras. Bande and Prakash
(1982), while reconstructing the palaeo
ecology and palaeoclimate of the Deccan
Intertrappean flora, concluded that this
flora was growing under a warm, humid,
tropical to subtropical climate. Almost
similar type of climates have also been
suggested for the Lower Siwalik, Cuddalore,
Tipim and Deomali floras. In the West
Bengal flora most of the forms are common
to the different N~ogene floras so far known
from the Indian subcontinent. ThUS, it
can be said that all these floras were growing

under more or less similar type of warm,
humid, tropical to subtropical climatic
conditions.

ANATOMICAL ANALYSIS

DICOTYLEDONOUS WOODS FROM THE DECCAN
INTERTRAPPEAN BEDS

In the Deccan Intertrappean flora a good
l1umber of fossil dicotyledonous woods
are known from the following areas:

(a) Mandla District (Parapani, Samnapur
Mohgaon, Ghughua, etc.).

(b) Nagpur-Chhindwara-Nawargaon area
(Mohgaon Kalan, Keria, Mahurzari
& Nawargaon).

Although the Deccan Intertrappean flora
is usually considered as a single unit but
on the evidence of fossil woods described
from the above two areas it appears that
these two assemblages Gonstitute two distinct
flor'ules which may represent different geolo
gical ages and therefore, they have been
treated here separately.

(a) Fossil woods from Mandla District
Sennteen fossil woods comparable
with 16 extant genera belonging to
15 dicotyledonous families have been ana
lysed anatomically. Their important ana
tomical characters have been classified in
Table I. A study of this table indicates
that the perforation plates are mostly simple
but scalariform with more than 10 bars in
two species. Intervessel pits are 90rdered
and alternate in most of the species with
scalariform pits seen occasionally in one
wood. The distribution of parenchyma is
definitely of primitive type. Parenchyma
is totally absent in one species, diffuse to
diffuse-in-aggregate plus some vasicentric in
four species, in thin apotracheal lines in
two species, scanty para tracheal to 1-2
seriate, vasicentric in six species, and a well
developed aliform to aliform confluent or
banded parenchyma is present in only four
species.

Xylem rays also show a great deal of
primitiveness. Of the 17 woods examined,
heterogeneous rays occur in as many as
16 woods being heterogeneous type I in
two woods, type II in twelve, and type III
in two. Homogeneous type IV rays occur
in only one wood.
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(b),Fossi! woods from Nagpur-Chhindwara
Nawargaon area - In all, 17 fossil woods
comp.Hable to 15 genera belonging to 14
families han been analys~d (Table 2).

The p~rforation plates are simple in all
the woods and the interv~ssel pits are
bordered and alternate in 16 woods and
scalariform in one wood. Parenchyma is
absent in one wood, apotracheal diffuse
to diffuse-in-aggregate with some scanty
paratracheal in three, only scanty paratra
cheal in five, and w~ll-developedvasicentric,
aliform confluent and rarely banded in
eight woods.

The xylem rays are mostly heterogeneous,
being heterogeneous type I in one wood,
type II or type III in II woods, type V in
one wood, homogeneous type IV 'in three
woods and homogeneous type VI in one
wood.

DICOTYLEDONOUS WOODS FROM THE LOWER
SIWAUK BEDS OF THE HIMALAYAN FOOT-HILLS

I naIl, 19 fossil woods comparable to 17
extant genera belonging to eight families
have been anatomicEllly analysed (Table 3).
Out of them 16 woods possess bordered
and alternate intervessel pits and four vasi
centric tracheids. Perforation plates are
simple in all the woods. Vessel elements
are storied in one.

As far as parenchyma is concerned, it is
apotracheal diffuse to diffuse-in-aggregate
or arranged in uniseriate, tangential apotra
cheal lines alongwith some scanty paratra
cheal parenchyma in eight out of 19 woods
analysed here. SCElnty paratracheal paren
chyma is present only in one wood, apotra
cheal banded with paratracheal vasicentric
parenchyma is present in four woods and
a wdl-developed paratracheal aliform-con
fluent to banded p:Henchyma is present
in six woods. In one case the parenchyma
strands are storied. The xylem rays are
heterogeneous type II or type III in II
woods, heterogeneous type V in three woods
and homogeneous type IV in five woods.

DICOTYLEDONOUS WOODS FROM THE TIPAM
SERIES OF NORTH-EAST INDIA

Thirtyfour fossil woods representing 33
living genera belonging to 19 dicotyledon-

ous families have been analysed (Table 4).
All of them possess simple perforations
except in one wood where they are scalari- ,
form with 8-10 bars. Inter-vessel pits are
bordered and alternate in 32, and alternate
to subopposite in two woods. Vasicentric
tracheids are present in four woods.

Parenchyma shows a wide range of deve
lopment. It is scanty paratracheal in five
woods, sCElnty paratracheal to vasicentric
alongwith apotracheal diffuse to diffuse
in-aggregate forming thin lines in eight
woods, apotracheal banded in two, p.lfa
tracheal vasicentric to aliform to confluent
alongwith apotracheal diffuse-in-aggregate
to banded in six, and well-developed para
tracheal, aliform to confluent to banded
in 13 woods. The xylem rays are hetero
geneous in majority of the woods. They
are heterogeneous type 11 in 16, type III
in seven, type V in three, weakly hetero
geneous in one, homogeneous type IV in
six and homogeneous type VI in one wood.
Storied rays occur in two woods.

FOSSIL WOODS FROM THE NEOGENE OF
WEST BENGAL

In this case 22 woods representing 21
extant genera belonging to seven families
have been analysed from these beds (Table
5). Their anatomical analysis clearly shows
an advancement towards specialization. All
of them possess simple perforations and
bordered, alternate intervessel pit pairs.
However, vasicentric tracheids occur in
at least four woods.

Scanty paratracheal to vasicentric paren
chyma occurs in three woods, paratracheal
vasicentric parenchyma alongwith apotra
cheal diffuse to diffuse-in-aggregate or short
tangential lines or bands occurs in three
woods, and a well-develop~d apotracheal
banded parenchyma is present in four woods.
Out of 22 woods, 12 show a well-developed
paratracheal aliform, aliform-confluent to
banded parenchyma. Parenchyma cells are
storied in four woods. Xylem rays are
heterogeneous in 11 species and homo
geneous in 11 species. Heterogeneous type II
is seen in nine woods and type V in two.
Similarly, homogeneous type IV occurs in
nine and type VI in two w00ds. Storied
rays are present in five woods.
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FOSSIL WOODS FROM THE CUDDALORE SERIES

From this area 38 fossil woods represent
ing 36 modern genera belonging to 13
dicotyledonous families have been analysed
(Table 6). The assemblage showS a well
marked structural specialisation. In almost
all the woods the perforation plates are
simple; scalariform perforations occur in
only two. Similarly, only in two woods
alternate to opposite pits have been ob
served, while in all other woods these are
bordered and alternate. However, vasi
centric tracheids are present in eight species.

Parenchyma is absent in one, scanty
paratracheal in one, apotracheal diffuse
to diffuse-in-aggregate or in tangential lines
alongwith or without some paratracheal
parenchyma in 11, apotracheal banded with
or without some paratracheal parenchyma
in eight, and a well-developed paratracheal
vasicentric to aliform, aliform-confluent to
banded parenchyma is present in as many
as 17 woods.

Heterogeneous xylem rays are present
in 24 woods, their distribution being hetero
geneous type I in one, type II in 12, type
III in three and type V in eight. However,
the homogeneous rays are present in 14
woods; they are homogeneous type IV in
13 and type VI in one. St06ed rays have
been observed in seven woods.

FOSSIL WOODS FROM THE DUPITILA SERIES

A total of 17 fossil dicotyledonous woods
representing 13 living genera and 11 families
have been anatomically analysed (Table 7).
Perforations are simple in all the woods
and intervessel pits are bordered and alter
nate in almost all of them. However, the
pits are subopposite in one wood. Vasi
centric tracheids are present in two woods.

Parenchyma is very well-developed. It
is apotracheal diffuse to diffuse-in-aggregate
or forming thin tangential lines in three
woods, scanty paratracheal in three, apotra
cheal banded alongwith or without some
paratracheal parenchyma in three and a
well-develop<:d paratracheal vasicentric,
aliform, aliform-confluent or banded paren
chyma occurs in eight woods. Parenchyma
cells are storied in two species. Xylem
rays are heterogeneous type II or III in
eight, heterogeneous type V in two, hetero-

geneous of unknown type in one, homo
geneous type IV in three and homogeneous
type VI in three woods. Storied rays are
present in two species.

DISCUSSION

A critical survey of the anatomical data
accumulated from the Indian Tertiaries
reveals some interesting facts regarding
the evolution of anatomical characters from
the oldest to the successively younger fossil
floras. Two important characters, viz.,
axial parenchyma and xylem rays, show a
marked specialisation in different fossil
floras and have been dealtwith in detail
(Table 8).

Considering the types of axial parenchyma,
it is most primitive in the fossil woods des
cribed from Mandla District. Of the 17
woods analysed from this area, in as many
as 13 (about 78 %), the parenchyma is either
absent, diffuse to diffuse-in-aggregate, in
thin apotracheal lines, ap0tracheal narrow
banded or scanty paratracheal to 1-2 seriate
vasicentric. Only in four woods (about
22 %), a well-developed paratracheal aliform
to aliform-confluent parenchyma is known
to occur. A well-developed vasicentric,
aliform to aliform-confluent and rarely
banded parenchyma is much more frequent
in the fossil woods from the Nagpur
Chhindwara region. This type of paren
chyma is present in as many as eight woods
(about 48 %) out of a total of 17 woods
analysed from this area. In the remaining
nine woods it is of primitive type.

However, coming to the Neogene floras
of India, the woods of the Lower Siwalik
beds (Middle Miocene) show a further
increase in the percentage of woods with
an evolved type of parenchyma. Of the
19 woods analysed from these beds, the
parenchyma is paratracheal, aliform to
aliform-confluent to banded in six of them
(about 33 %). In another four woods (about
21 %) it is apotracheal banded with broad
bands (considered to be most advanced
amongst the apotracheal types) alongwith
some paratracheal vasicentric type. In the
remaining forms, the parenchyma is of
primitive type.

The parenchyma shows further specia
lization in the woods from the Tip:im Series
(Upper Miocene) being p1ratracheal aliform,
confluent to banded in about 39 per cent
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of woods, paratracheal vasicentric to aliform
confluent alongwith apotracheal diffuse to
diffuse-in-aggregate to banded in about
18 per cent, apotracheal banded in about
6 per cent and it is of primitive type in the
remaining woods.

In the fossil woods so far described from
the Tertiary of West Bengal (considered
to be equivalent to the Tipams) the per
centage of woods with paratracheal aliform
confluent to banded parenchyma is further
increased to about 54 per cent with another
18 per cent woods showing a well-developed
apotracheal banded parenchyma. Another
conspicuous feature is the occurrence of
storied parenchyma in about 18 per cent
of woods of this assemblage.

In the Cuddalore Series (Upper Miocene
to Pliocene) about 48 per cent of woods
show a well-developed paratracheal vasi
centric, aliform, aliform-confluent to banded
parenchyma. However, in about 20 per
cent of woods, it is apotracheal banded
but in the remaining woods, it is of primitive
type.

Lastly, in the Dupitila Series (Mio
Pliocene) paratracheal vasicentric, aliform,
confluent to banded parenchyma occurs
in about 48 per cent of woods, apotracheal
banded in about 18 per cent of woods and
in the remaining it is of the primitive type.
Storied parenchyma constitutes about 12
per cent of woods in this assemblage.

The xylem rays also show stages of
specialization in the successive floras of
the Indian Tertiaries. In Mandla assem
blage heterogeneous rays of I, II, III and
V types constitute as much as about 95
per cent of the total numb~ of woods ana
lysed, homogeneous type'" rays occur in
only one wood (about 5 %). However, in
the Nagpur-Chhindwara-Nawargaon region
the percentage of woods with homogeneous
rays is increased to about 23 per cent. The
remaining 77 per cent woods Show hetero
geneous rays. In the Lower Siwalik
woods, although the percentage of homo
geneous rays is not substantially increased
(about 25 per cent), the rays are of hetero
geneous type V in about 18 per cent of
woods. This is considered to be an ad
vanced type evolved due to the elimination
of multi seriate rays. In the Tipam Series
there does not appear a marked speciali
zation in the ray structure. In only about
21 per cent of woods, the rays are homo-

geneous and in the remaIning ones they
are heterogeneous. However, out of these
the rays are of heterogeneous type V in
about 9 per cent of woods.

The West Bengal flora, although con
sidered to be equivalent to the Tipams in
age, exhibits a high degree of specialisation
in the ray structure. In 50 per cent of
woods, the rays are homogeneous and in
another 9 per cent they are of heterogeneous
type V. Further, about 23 per cent of
the woods have storied rays.

Fossil woods of the Cuddalore Series
are also quite specialized. In about 38
per cent of woods the rays are homogeneous
and in another 20 per cent they are hetero
geneous type V. Storied rays occur in
a bout 17 per cent of woods.

In the Dupitila Series about 36 per cent
of woods show homogeneous rays while
about 12 per cent woods are with
heterogeneous type V rays. The re
maining woods show either heterogeneous
type II or III rays. Storied rays occur
in about 12 per cent of woods. Thus,
there is a well-marked increase in the
percentage of advanced type of rays in
the various Neogene floras as compared
to the Palaeogene flora of the Deccan Inter
trappean Series. However, this evolutionay
tendency is not conspicuous in the Tipam
Series.

In the remaining three Neogene floras,
although there is not much difference in
the specialization of ray structure, Sur
prisingly, the most evolved type of rays
are seen in the Neogene flora of West Bengal
which is considered to be equivalent to
the Tipams.

Thus, from the above studies it is evident
that the Indian Tertiary dicotyledonous
woods exhibit a general trend towards
specialization in anatomical characters in
their secondary xylem from geologically
older to successively you nger floras. These
observations find further support from the
studies of Wolfe, Doyle and Page (1975,
p. 820) Who analysed a number of dicot
woods from the Cretaceous while discussing
the palaeobotanical evidence for angiosperm
phylogeny. According to them an assem
blage of 70 entities from the late Campanian
or early Maestrichtian of California and
another assemblage of five entities from
the Maestrichtian of Illinois" tend to sub
stantiate that the supposedly advanced
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anatomical features are, in fact, geologically
more recent than supposedly primitive
features. Over half these wood patterns
have solitary pores or solitary with a few
short radial chains, and the majority also
have diffuse, axial parenchyma only; the
remainder have some vasicentric paren
chyma in addition. Similarly, scalariform
perforation plates are found in the majority
and the rays are heterogeneous in almost
all the woods. Two of the entities are
dicotyledons lacking vessels. Some of the
woods do have some specialized elements,
such as short vessels and aggregate rays,
but the overall pattern of these woods is
not advanced. None of the woods possess
supposedly advanced features such as storied
elements, included parenchyma or elaborate
pore distribution". Consequently, the ob
servations made in the present paper along
with those made by Wolfe, Doyle and Page
(1975) help in the understanding and eva
luation of the concept of relative primitive
ness of anatomical features.

Another important conclusion which can
be deduced from these studies is the fact
that the Deccan Intertrappean flora was
made up of a number of plant communities
of different ages occurring in a wide area
of Central India. This has already been
suggested by Lakhanpal (1970), Prakash
(1960, 1972) and Bande and Prakash (1982c)
on the basis of t heir palaeobotanical studies
of this flora. Recent ly Alexander (1981)
has also given different ages for different
Deccan Lava flows and their associated
Intertrappean beds on (foe basis of
his K-Ar studies. The present ana
tomical observations mark out two
different plant assemblages, one in the
Mandla District of Madhya Pradesh and
the other in the Nagpur-Chhindwara-Nawar
gaon region. Of the two, the former
appears to be more primitive than the latter

with respect to parenchyma and xylem
ray characters. Here it may be pointed
out that the age of the Mohgaon Kalan
beds of Chhindwara District has recently
been suggested to be Palaeocene-Eocene
by Bande, Prakash and Bonde (1981) due
to the presence of the index fossil Disti
chop/ax from this locality which has also
been corroborated by Alexander (1981, p.
249) who has assigned it an age of 47
million years from his studies on Chhind
wara traps.

Further, the fossil flora from the Neogene
of West Bengal, usually considered equi
valent to the Tipams (Hunday, 1954), is
anatomically more ad vanced than the
Tipams, especially in the structure of
xylem rays. In fact, there does not appear
to be any marked difference in the evolu
tionary status of the West Bengal flora,
the Cuddalore flora (Miocene-Pliocene) and
the Dupitila flora (Mio-Pliocene). The
xylem rays in the Cuddalore and Dupitila
woods appear to be somewhat less advanced
than in the Neogene woods of West Bengal.
However, some discrepancies are bound
to occur in such comparisons as the number
of woods available from all the different
assemblages is not uniform. With the
availability of more data a more correct
picture can be obtained and the concepts
of relative primitiveness of anatomical
features and their general trends of specia
lization could be properly evaluated.
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