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TWO NEW DIPTEROCARPACEOUS WOODS FROM THE
CUDDALORE SERIES NEAR PONDICHERRY
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ABSTRACT

Two new fossil dipterocarpaceous woods have been described from Murattandi-
chavadi near Pondicherry. These show close resemblance with those of Diprerocarpus
and Hopea and hence named as Dipterocarpoxylon arcotense sp. nov. and Hopenium

pondicherriense gen. et sp. nov. respectivel

Y.
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INTRODUCTION

N the Indian Neogene deposits the
dipterocarpaceous woods are found in
abundance. The richest among them
is the Cuddalore Series. So far seven
species, belonging to the genera Aniso-
pteroxylon, Dipterocarpoxylon, Dryobalano-
xylon and Anisopteroxylon, are known from

the beds exposed around the village
Murattandichavadi ~ near Pondicherry
(Awasthi, 1971, 1974a, 1974b; Navale,

1963; Ramanujam & Rao, 1969).

Investigations of more petrified woods
from the same locality have further yielded
some new taxa belonging to the family
Dipterocarpaceae. Two of them show
closest resemblance with the woods of
Dipterocarpus and Hopea respectively and
are described here in detail.
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DESCRIPTION AND AFFINITIES
FAMILY — DIPTEROCARPACEAE

Genus — Dipterocarpoxylon Hold. emend. Den

Berger, 1927
1. Dipterocarpoxylon arcotense sp. nov.

Pl 1, figs 1-4, 6

Material — Two small pieces of fairly
well-preserved petrified wood measuring
about 8 cm in length and 4 cm in width.

Topography — Wood diffuse - porous.
Growth rings not seen. Vessels visible to
the naked eye as dark as well as white dots
against the light, medium to mostly large,
rarely small, forming vessel lines along the
grain, exclusively solitary (Pl. 1, figs 1-3),
fairly close, evenly distributed, about 6-15
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per sq mm, mostly occluded with tyloses
(PL. 1, fig. 3). Vasicentric tracheids present
in the immediate vicinity of vessels, inter-
mingled with paratracheal parenchyma.
Parenchyma paratracheal and apotracheal;
paratracheal parenchyma vasicentric, form-
ing sheath of 1-3 cells wide around vessels,
intermingled with vasicentric tracheids,
occasionally aliform; apotracheal paren-
chyma fairly abundant, diffuse, diffuse-in-
aggregate, often forming irregularly spaced
uniseriate lines (Pl 1, figs 1-3), at places
quite close, up to 18 lines per mm, paren-
chyma occurring around gum canals 1-3
seriate (Pl. 1, figs 1-3). Rays 1-7 (mostly
4-5) seriate (Pl. 1, fig. 6), about 5-55 cells
in height and 5-8 per mm in cross section;
ray tissue heterogeneous; uniseriate rays
few, short, homocellular to heteroczllular,
consisting of upright cells or both pro-
cumbent as well as upright cells; multi-
seriate rays heterocellular (Pl 1, fig. 4),
consisting of 1-3 or rarely more uniseriate
marginal rows of upright czlls and pro-
cumbent cells through the median portion;
sheath cells also present (Pl. 1, fig. 6).
Fibres aligned in radial rows between two
consecutive rays. Gum canals normal,
vertical, solitary or in pairs and also in
short tangential rows of 2-6, occasionally
up to 8, usually bigger than the vessels,
about 5-12 per sq mm in cross section.
Elements — Vessels circular to oval in
cross section (P1. 1, figs 1-3), t.d. 100-320 p.,
r.d. 100-360 p, walls 8-12 p.; perforations
simple, nearly horizontal to oblique; vessel-
members about 250-800 . in height, with
truncated ends; pits leading to contiguous
tracheids arranged in vertical rows, medium
to large, about 8-10 p. in diameter, vestured;
vessel-parenchyma and vessel-ray pits simi-
lar to vessel-tracheid pits in nature but
slightly bigger and horizontally oriented,
occasionally confluent with wide apertures.
Vasicentric tracheids oval to orbicular, dia-
meter nearly same as of parenchyma;
length almost same as of fibres. Paren-
chyma cells tangentially elongated, 20-36 .
in diameter; infiltration dark. Fibre-tra-
cheids .angular, 12-28 1 in diameter, non-
septate, thick-walled, walls 4-10 p; pits
arranged in a vertical row, small, about
4-5 ¢ in diameter, vestured, with small slit-
like apertures. Gum canals circular to oval,
t.d. 100-280 p, r.d. 160-320 ., mostly empty,
sometimes with contents (Pl. 1, figs 1-3).

Comparison with the Modern Woods —
Presence of vertical gum canals as diffuse
or usually aligned in short tangential rows,
exclusively solitary vessels, vasicentric tra-
cheids and fibre-tracheids, vasicentric as
well as diffuse parenchyma and 1-7 seriate
heterogeneous rays obviously suggest that
it is a Dipterocarpus. In order to find out
its nearest modern equivalent, thin sections
of about 16 species of Dipterocarpus were
examined critically and the descriptions
and illustrations of many other species of
this genus were also consulted (Chowdhury &
Ghosh, 1958, p. 114, pls 16-18, figs 93-105;
Desch, 1957, pp. 105-106; Kribs, 1959,
p- 33, figs 115-116; Lecomte, 1926, pls 34-
36; Moll & Janssonius, 1906, pp. 348-360;
Pearson & Brown, 1932, pp. 68-91, figs 26-
33; Reyes, 1938, pp. 280-296, figs 49-54).

Out of all those species consulted,
Dipterocarpus pilosus Roxb., D. tuberculatus
Roxb., D. grandiflorus Wall., D. obtusifolius
Teysm., D. chartaceous Sym. and D. con-
cavus Foxw. show similarity with the present
fossil. Further, considering the size and
frequency of gum canals and the frequency
of diffuse parenchyma it was found that
the fossil shows closest resemblance with
Dipterocarpus tuberculatus Roxb. (specimen
nos A-1062, 662, 616, 328 and F-90) housed
in the Wood Anatomy Branch, F.R.L,
Dehra Dun. In both, the present fossil
and D. tuberculatus Roxb., the size of the
vessels and gum canals is nearly same,
vessels are tylosed and the parenchyma is
diffuse or diffuse-in-aggregate as well form-
ing uniseriate lines.

Comparison with the Fossil Species — A
large number of fossil woods of Dipterocar-
pus are already known from the Neogene
of India and abroad as listed by Awasthi

(1974a, p. 343). In addition, recently
Prakash (1975) described 3 species of
Dipterocarpoxylon, viz., Dipterocarpoxylon

sivalicus, D. nalagarhense and D. premacro-
carpum from the Lower Siwalik beds of
Khokhra near Nalagarh in Himachal
Pradesh. The fossil wood shows general
similarity with all the species of Diptero-
carpoxylon. However, taking into con-
sideration a combination of some important
characters, such as medium to large-sized
vessels, diffuse, diffuse-in-aggregate or uni-
seriate lines of parenchyma, 1-7 seriate,
heterocellular rays, large-sized gum canals
which are almost equal to or even bigger
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than the vessels, the present fossil is quite
different from all the species of Diptero-
carpoxylon. Hence it is named as Diptero-
carpoxylon arcotense sp. nov.

DiAaGNosIS
Dipterocarpoxylon arcotense sp. nov.

Vessels medium to large, t.d. 100-320 p.,
r.d. 100-360 ., exclusively solitary, evenly
distributed, 6-15 vessels per sq mm, tylosed;
pits leading to contiguous vasicentric tra-
cheids large, 8-10 p. in diameter, vestured.
Vasicentric tracheids present, intermingled
with parenchyma. Parenchyma paratra-
cheal and apotracheal; paratracheal paren-
chyma vasicentric, forming narrow sheath
around the vessels, intermingled with
tracheids; apotracheal parenchyma diffuse,
diffuse-in-aggregate or in uniseriate lines,
up to 18 lines per mm, irregularly spaced;
parenchyma around gum canals 1-3 seriate,
forming short tangential lines. Rays 1-7
(mostly 4-5) seriate, 5-55 cells in height,
5-8 per mm; ray tissue heterogeneous; rays
heterocellular, consisting of procumbent
cells through the median portion and a few
marginal rows of upright cells; sheath cells
often present. Fibre-tracheids nonseptate,
thick-walled, with small vestured pits. Gum
canals solitary or in pairs and also in
tangential rows of 2-6, occasionally up to 8,
circular to oval, t.d. 100-280 u, r.d. 160-
320 p.

Holotype — B.S.1.P. Museum no. 35308.

Locality —Murattandichavadi near Pondi-
cherry.

Horizon & Age — Cuddalore
Miocene-Pliocene.

Series;

Hopenium gen. nov.

2. Hopenium pondicherriense sp. nov.
Pl. 1, fig. §5; Pl. 2; figs 7. 9-12

Material — A small piece of fairly well
preserved silicified wood, measuring about
6 cm in length and 4 cm in width.

Topography — Wood  diffuse-porous.
Growth-rings seen at places, delimited by
zone of thick-walled fibres having few
vessels and also by narrow parenchyma
lines (Pl. 1, fig. 5; PL 2, figs 7-9). Vessels
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hardly visible to the maked eye, small to
medium, mostly small, majority solitary,
rarely in radial multiples of 2-3, numerous,
occurring mostly in groups, consisting of
several vessals, showing tendency to arrange
in oblique radial lines (Pl. 1, fig. 5; Pl 2,
fig. 7), about 25-75 vessels per sq mm;
tyloses present, vessels completely filled
with tyloses and dark contents (Pl. 2, figs
7, 9). Vasicentric tracheids present, but
difficult to distinguish in cross section from
parenchyma. Parenchyma paratracheal and
apotracheal; paratracheal parenchyma inter-
mingled with vasicentric tracheids, forming
thin layers around the vessels or vessel
groups, sometimes appearing as aliform to
confluent; apotracheal parenchyma rarely
forming thin to moderately broad, wavy,
irregular tangential bands, at places diffuse
or diffuse-in-aggregate, sometimes forming
uniseriate lines, thin bands also asscciated
with gum canals (Pl. 2, figs 7, 8-10). Rays
1-4 seriate, rarely up to 5-seriate, about
6-80 cells in height, 7-10 per mm in cross
section; ray tissue heterogeneous; rays
heterocellular (Pl. 2, fig. 11), consisting of
-5 marginal rows of upright to square
and procumbent cells through the median
portion, intersperszd with crystalliferous
upright to square cells appearing as darker
and bigger than procumbent cells (Pl. 2,
fig. 12). Fibres aligned in radial rows
between two consecutive xylem rays. Gum
canals vertical, in tangential rows, embedded
in narrow to moderately broad parenchyma
bands (PL. 2, fig. 10).

Elements — Vessels circular to oval, t.d.
30-140 ., r.d. 30-150 p, thick-walled, walls
8-12 u; perforations simple, horizonta{ to
oblique; vessel-members truncate or tailed,
about 150-450 p in height; intervessel pits
and pits leading to contiguous vasicentric
tracheids and parenchyma medium sized,
about 6-8 u in diameter, vestured. Vasi-
centric tracheids angular to oval or
orbicular, diameter almost same as ‘of
parenchyma cells. Parenchyma cells angu-
lar, about 20-28 1 in diameter; infiltration
dark. Ray cells upright to square and
procumbent; upright or square cells 30-64 p.
in vertical height, 20-64 . in radial length;
procumbent cells 16-20 . in vertical height,
40-160 p. in radial length; solitary crystals
present in upright or square cells. Fibres
angular, 12-20 p in diameter, nonseptate,
thick-walled, walls 4-8 1. in thickness; pits
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not seen. Gum canals circular, about 40-
100 p in diameter.

Comparison with the Modern Woods—
Presence of vertical gum canals, vasi-
centric tracheids, vestured intervessel pits
and heterocellular xylem rays indicates
that the fossil is a dipterocarpaceous
wood. Since the gum canals are present
in tangentizl rows and the fibres are with-
out bordered pits, it can be compared with
those of Shorea, Parashorea, Pentacme.
Hopea and Balanocarpus. In addition to
the above mentioned features, the fossil
is further characterized in having vessels
small to m:dium, mostly sclitary, tylosed,
~ tending to arrange in small groups along
oblique radial lines, parenchyma vasicentric
and diffuse, rays heterocellular with upright
to square cells at one or both the ends and
intersperszd among procumbent cells in
the median portion. These features collec-
tively indicate its similarity with most of
the species of Hopea including a few Balano-
carpus and distinguish it from Shorea,
Parashorea and Pentacme. However,
Balanocarpus heimii King also differs from
the present fossil in having storied rays.

Detailed comparison of the present fossil
-wood was made with the large number of
woods of modern species of Hopea from
their thin sections as well as published
anatomical descriptions and figures. From
this it was found that the fossil shows
closest resemblance with Hopea utilis, H.
wightianum, H. glabra and H. parviflora,
all occurring presently in South India.
It is difficult to suggest which of these is
the nearest to the present fossil, since there
are hardly any special anatomical features
by which they can be differentiated from
each other.

The present fossil is the first record
showing closest resemblance with that of
Hopea from India and abroad. Earlier, in
1963, Navale described a wood as Hopeo-
xylon indicum from the same area indicating
it closest resemblance with the woods of
Hopea. Reczntly Awasthi (1977) critically
re-examined the type slides of this wood
and found it very similar to that of
the Malayan genus Sindofa of the family
Leguminosae. Therefore,” he transferred it
to the family Leguminosae retaining the
existing name of the fossil.

In order to accommodate the present
fossil wood, a new genus Hopenium has
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been created. This genus is considered
to include the fossil woods resembling
those species of Hopea which can be dis-
tinguished from Shorea and also those
species of Balanocarpus which are very
similar to Hopea. The present fossil is

named as Hopenium pondicherriense sp.
nov.
GENERIC DIAGNOSIS!
Hopenium gen. nov.
Wood  diffuse-porous. Growth = rings

present, sometimes inconspicuous, delimited
by zone of thick-walled fibres having few
vessels and also by parenchyma lines.
Vessels small to mzdium, occasionally large,
mostly solitary, seldom in radial lines,
tylosed. Vasicentric  tracheids  present,
intermingled with paratracheal parenchyma;
pits leading to vessels medium sized,
vestured. Parenchyma paratracheal and
apotracheal;  paratracheal parenchyma
vasicentric, forming sheath around vessels
and vessel groups, aliform-confluent;
apotracheal parenchyma diffuse-in-aggregate
and also forming uniseriate lines. Rays
fine to moderately broad, heterocellular,
consisting of upright to square cells at
both the ends and interspersed among
procumbent cells in median portion. Fibres
thick-walled, nonseptate. Gum canals verti-
cal, in concantric rings.

Genotype —  Hopenium pondicherriense
sp. nov.

SpeCIFIC DIAGNOSIS
Hopenium pondicherriense sp. nov.

Vessels small to medium, 30-150 p in
diameter, mostly solitary, occasionally in
radial multiples or in clusters, mostly grouped
or showing tendency to arrange in oblique
radial lines, profusely tylosed. Vasicentric

tracheids intermingled with paratracheal
parenchyma. Parenchyma paratracheal,
vasicentric, forming thin, loose sheath
around vessels or vessel groups, oc-

casionally aliform to confluent, apotra-
cheal parenchyma diffuse or diffuse-in-
aggregate and sometimes forming 1-seriate
lines. Rays 1-5 (mostly 1-4) seriate, up to

S
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TABLE 1 — DISTRIBUTION OF DIPTEROCARPS IN SOUTH INDIA

1. Dipterocarpus bourdilloni Bedd.

2. D. indicus Bedd.
3. Hopea glabra W. & A.
4. H. parviflora Bedd.

5. H. racophloea Dyer
6. H. utilis (Bedd.) Bole
7. H. wightiana Wall.

8. Shorea tumbuggaia Roxb.
9. S. talura Roxb.

10. Vatica roxburghiana Bl.

11. Vateria indica L.

12. V. macrocarpa Gupta

Evergreen forests of Western Ghats, Malabar, North and South
Travancore at low elevation.

Evergreen rain forests of Western coast and Western Ghats from
South Kanara to Travancore and Tinnevelly up to 900 m.

Evergreen forests of South Kanara, Travancore and Tinnevelly
up to 1,200 m altitude, often growing along banks.

Evergreen moist forests of Western Ghats, South Kanara
southwards up to 1,100 m altitude, common in both the moist
and dry forests in the Malabar and Travancore up to an elevation
of 900 m.

Western Ghats in the forests of South Kanara, Wynaad and
Travancore.

Evergreen forests of Tinnevelly 300-580 m elevation and also
in Travancore.

Semi-evergreen to deciduous forests of Western Ghats from
North to South Kanara, Coorg, Malabar and Travancore up to
an altitude of 450 m.

Eastern Ghats, forests of the Cuddapah, North Arcot and
Chingleput Hills up to 270 m.

Forests of the Eastern Ghats and Deccan in Cuddapah, North
Arcot, Anantapur, Mysore and Salem, up to 270 m, Western
Ghats in Malabar, Coimbatore and Madurai.

Evergreen forests of Western Coast and Western Ghats, South
Kanara and Mysore to Travancore at low elevation especially
on the banks of rivers.

Evergreen forests of the Western Ghats from South Kanara to
Tinnevelly at low elevation up to 750 m. )
Forests of Muthu Kalam, Bolampatty range Palghat Division,
Karnataka.

TABLE 2 — FOSSIL DIPTEROCARPS FROM THE CUDDALORE SERIES NEAR PONDICHERRY

NAME OF FOSSIL

1. Anisopteroxylon coromandelense
Navale, 1963

2. Dipterocarpoxylon pondicherriense

Awasthi, 1974
3. D. arcotense sp. nov.

4. Dryobalanoxylon indicum
(Ramanujam) Awasthi, 1971

5. D. holdeni (Ramanujam) Awasthi,

1971

6. Hopenium pondicherriense sp. nov.

7. Shoreoxylon arcotense Awasthi,
1974
8. 8. indicum Awasthi, 1974

9. S. kraeuseli Ramanujam & Rao,
1969

AFFINITIES WITH MODERN DISTRIBUTION

GENERA [SPECIES

Evergreen forests of upper
Burma, Tenasserim in Bangla-
desh and Malayan region

See Table 1

? Anisoptera

Dipterocarpus indicus Bedd.

Dipterocarpus tuberculatus Evergreen forests of Burma,
Roxb. Cochin, China, Thailand, Chit-
tagong hill tracts in Bangladesh

Tropical rain forests of western
Malaya, Sumatra and Borneo

” ”

Hopea glabra W. & A. See Table 1
H. utilis Bedd.

H. wightiana Wall.

H. parviflora Bedd.

Shorea acuminata Dyer and
allied species

Shorea obrusa Wall. Burma

Parashorea stellata Kurz. Tropical evergreen forests of

Dryobalanops

Malayan region

Pentacme sauvis A. Dc. Peguyama and  Martaban,
Burma
? S. talura Roxb. See Table 1

? 8. tumbuggaia Roxb.
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80 cells in height, heterocellular, consisting
of procumbent cells through the median
portion and crystalliferous upright to square
cells at both the ends as well as inter-
spersed among procumbent cells. Fibres
thick-walled, nonseptate. Gum canals about
40-100 p. in diameter.

Holotype — B.S.I.P. Museum no. 35309.

Locality — Murattandichavadi near Pondi-
cherry.

Horizon & Age — Cuddalore Series; Mio-
cene-Pliocene.

DISCUSSION

With the addition of two new woods
described in this paper the number of
dipterocarpaceous species in the flora
of the Cuddalore Series goes up to 9
belonging to 5 genera (see Table 2). These
dipterocarps represent the genera and
species presently growing either in the
evergreen forests of Western Ghats of
South India or in the evergreen forests of
Chittagong in Bangladesh, Burma and
Malaysia. Since most of these are inhabi-
tants of the tropical evergreen rain
forests having excessive humid conditions,
it is further envisaged that similar climatic
conditions prevailed in the eastern region
of South India throughout the Coromandel
coast during Miocene-Pliocene period.
At present only 12 species of dipterocarps
occur in South India, most of which are
distributed in the evergreen forests of
Western Ghats.

An analysis of all the dipterocarpaceous
woods, studied so far, has revealed that
about 98 per cent belong to the genus
Dryobalanops. This genus is presently con-
fined to the tropical rain forests of West
Malaya, Sumatra and Borneo. Thus, abun-
dance of Dryobalanops in the Cuddalore
flora suggests that during Miocene-Pliocene
excessive humid conditions prevailed around
Pondicherry due to high precipitation.
Furthermore, it is pointed out that the
absolute humidity during the past was much
higher than what it actually exists today in
the Western Coast of South India. How-
ever, it is concluded that the climatic condi-
tions in the Coromandel coast during
Miocene-Pliocene were similar to those
existing today in Malaysia and Indonesia.

On account of the excessive humidity
which is most suited to the dipterocarps,

the Malayan dipterocarps along with other
dicotyledonous species associated with them
migrated into India via Burma and further
extended into Eastern Coast of South
India and then finally reached to Western
Cost and Sri Lanka during or just before
the Miocene. This view is also supported
by the occurrence of pollen grains of
Dipterocarpaceae in the Miocene lignites of
Quilon, Kerala Coast (Rao & Ramanujam,
1975).

The occurrence of Malayan dipterocarps,
viz., Dryobalanops, Anisoptera and a few
species of Dipterocarpus and Shorea (see
Table 2) in the Cuddalore flora and their
absence in the modern evergreen forests

of Western Ghats can be interpreted
two-fold that during their extension
into South India all the dipterocarps

including those found in the Cuddalore
flora reached to the Western Coast during
the Miocene. By the end of Pliocene
or the beginning of Pleistocene there had
been a drastic change in the climate from
humid to dry, particularly on the eastern
coast of South India, resulting in the total
disappearance of the evergreen forests from
this region. This change must have also
affected considerably the humidity of the
Western Coast. As a result these Malayan
dipterocarps along with other plants, being
most sensitive to the changed environments,
failed to survive thereafter. The other
plausible explanation for this is that the
present climatic conditions along the
Western Coast prevailed since Miocene
and remained almost unaffected by
the change in the conditions of the
Eastern Coast, which might have not been
conducive for these dipterocarps to flourish,
and thus prevented them to extend further
into the Western Coast. Before any defi-
nite conclusions could be drawn about this
fact, it is necessary to undertake the syste-
matic study of the pollen grains and carbo-
nized woods abundantly found in the lignites
of Kerala Coast which might yield the
dipterocarps.
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EXPLANATION OF PLATES

PLATE 1

Dipterocarpoxylon arcotense sp. nov.

—

. Cross section showing nature and distribution of
vessels, parenchyma and gum canals (bigger and
empty ones). < 16.B.S.1.P. Museum slide no.5737.
Cross section magnified to show diffuse paren-
chyma, vessels and gum canals (bigger ones). = 32.
B.S.I.P. Museum slide no. 5737.
. Another cross section slightly magnified to show
vessels (with tyloses) and gum canals (empty ones).
< B.S.I.LP. Museum slide no. 5738.
6. Tangential longitudinal section showing rays.
< 60. B.S.I.P. Museum slide no. 5739.
4. Radial longitudinal section showing hetero-
g%l:!lglar rays. < 60. B.S.I.P. Museum slice no.

E\J

e

Hopenium pondicherriense gen. et sp. nov.

5. Cross section showing nature and distiibution of
vessels and parenchyma. < 16. B.S.L.P. Museum
slide no. 5741.

PLATE 2

Hopenium pondicherriense gen. et sp. nov.

7. Cross section shightly magnified to ~hew the shape,
size and distribution of vessels and type and

distribution  of  parenchyma. < 32. B.S.L.P.

Museum side no. 5747

Hopea parviflora Bedd.

8. Cross section showing shape, size and distiibution
of vessels similar to those of fossil. < 32.

Hopenium pondicherriense gen. et sp. nov.

9. A portion of cross section magnified to thow
diffuse patenchyma. < 6. B.S.I.P. Museum slide
no. S741. <

10. Cross section showing gum canals occurring in
a tangential row. < 32. B.S.I.LP. Museum slide

no. 5741. i

11. Radial lengitudinal section showing hetero-
cellular  1ays. < 120. B.S.I.LP. Museum slide
no. 5742.

12. Tangential longitudinal section showing rays.
» 50. B.S.1.P. Museum slide no. 5743.

Hopea parviflora Bedd.

13. Tangential longitudinal section showing rays
similar to those of fossil. = 50.
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