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ABSTRACT

A leaf of Dipterocarpus (Dipterocarpaceae) is described from

the Lower member of Middle Siwalik of eastern Nepal. Its

presence indicates that during the deposition of the sediments there was a warm and humid climate with dry season of not
more than 3—4 months. The modern distribution of the genus and family reveals that nowadays they have disappeared from
the modern flora of Nepal. The most plausible reason for their disappearance might be an increase in length of the dry season

caused by the upliftment of the Himalaya.
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INTRODUCTION

Dipterocarpaceae is an important family because of its
economical and ecological significance. It encompasses
three subfamilies having intercontinental distribution such as
Dipterocarpoideae in Asia, Pakaraimoideae in South America,
and Monotoideae in Africa and South America (Dayanandan
et al. 1999). The molecular phylogenetic analysis reveals that
the family has a Malvalean affinity (Dayanandan et al. 1999).
It comprises 17 genera and 535 species which are all arboreal
and distributed in the tropics (Mabberley 2008). The genus
Dipterocarpus Gaertn. belongs to Dipterocarpoideae and
envelops 70 species distributed in India, Sri Lanka, Myanmar,
Thailand, Indo-China, Yunnan, Malaya, Sumatra, Java, Bali,
Borneo and Philippines (Mabberley 2008). The fossil record of
the genus is well represented in the form of wood (Srivastava
et al. 2014 and references there in), leaves (Prasad 2008) and
pollen (Muller 1981; Songtham et al. 2005; Rugmai et al.
2008), however its fruits are very rare (Grote 2007). In the
present communication, we report a fossil leaf impression of
Dipterocarpus from the Siwalik sediments of eastern Nepal
(Fig. 1). We also discuss the phytogeographical implications
based on the fossil records of the family Dipterocarpaceae and
the genus Dipterocarpus.

GEOLOGY OF THE STUDY AREA

The rocks belonging to the Siwalik Group are well exposed
in the Sapta Koshi River and along Chatara to Barahakshetra
road section (Fig. 2). Good exposures can also be found along
the Rani Khola, Dhansar Khola, Dudhpani Khola, Kosopa
Khola, Bahune Khola, Kokaha Khola, and Bramanand Khola.
The rocks of the study area can mainly be divided into two
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litho-stratigraphic units, namely the Lower Siwalik and the
Middle Siwalik. On the basis of lithology, texture, and grain
size variation both Lower and Middle Siwalik can further be
divided into Lower and Upper Members. The Upper Siwalik is
missing from the study area (Fig. 2). The Siwalik is separated
by Main Boundary Thrust (MBT) with the Lesser Himalayan
Precambrian dolomite sequences and Gondwana sediments in
the north (Bashyal 1980; Dhital 2015).

Lower Siwalik

It is composed of mudstone, sandstone and siltstone.
The sequences of variegated mudstone beds are bluish grey,
greenish grey, purple, yellowish grey, grey and black in colour.
The thickness of mudstone beds ranges from 20 to 480 cm,
but the thickness of sandstone beds is lesser than mudstone.
Bioturbation, and concretions are found in mudstone beds.
The siltstone beds are dark grey, bluish grey, greenish grey
and purple ranging 20 to 200 cm in thickness. The variegated
mudstone and siltstone are very fine to fine grained and light
grey, greenish grey to dark grey in colour with 15 to 260 cm
in thickness. However, at some places sandstone is medium
grained, dark grey in colour and up to 42 cm in thickness.
The mudstone, siltstone and sandstone show the presence of
calcareous cement. The plant fossils are found in lower and
upper parts of this lithounit. The contact between Lower and
Upper Members is transitional. In the Upper Member the
thickness of sandstone beds is more than that of mudstone
beds.

Middle Siwalik

This litho unit consists of medium to coarse grained 'salt and
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Fig. 1: Distribution of Siwalik sediments in Nepal (black
square indicates study area).

pepper' textured sandstone and fine grained, light grey up to
220 cm thick sandstone beds. The thickness of sandstone beds
is up to 12 m. Dark grey, up to 200 cm thick mudstone is found.
The plant fossils are found in mudstone and siltstone. The
calcareous cement is profusely present in mudstone, siltstone,
and sandstone beds. The contact between the Upper Member
of Lower Siwalik and the Lower Member of Middle Siwalik
is transitional. It consists of thickly bedded, coarse grained
to very coarse grained, 'salt and pepper' textured sandstone,
pebbly sandstone with fine grained sandstone, siltstone, and
mudstone.

Leaf bearing horizons are found in the Lower Member of
Middle Siwalik near Chatara (Fig. 2, location F1), Lower and
Upper Members of Middle Siwalik near Bahune Khola, Satra
Number and Bramananda Khola (Fig. 2, location F2, F3, F4,
F5 and F6). The Dipterocarpus leaf locality lies in F2 location
(Fig. 2) and its lithological details are shown in Fig. 3.

Fig. 2: Geological map of the studied area showing the fossil locality.
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Fig. 3: Lithological details of the Dipterocarpus horizon at
F2 location.

MATERIAL AND METHODS

The present fossil leaf was collected by one of us (PA)
during a field excursion from the Middle Siwalik sediments
of eastern Nepal (Fig. 1). The fossil leaf was cleared with the
help of chisel and hammer and photographed under the natural
light with the help of digital Camera SX110. The terminology
proposed by Dilcher (1974) and Ellis et al. (2009) was followed
in describing the present fossil. The fossil leaf was identified at
the Central National Herbarium (CNH), Howrah. All the fossil
specimens are deposited in the museum of Central Department
of Geology, Tribhuvan University, Kirtipur, Kathmandu,
Nepal.

RESULTS
Systematics

Order: Malvales

Family: Dipterocarpaceae

Genus: Dipterocarpus Gaertn.

Species: Dipterocarpus sp. (PL. 1, Figs 1-4; PL. 11, Fig. 4)
Figured specimen nos.: 17N20ii, 17N10B, 17N9C
Locality: F2, Satra Number

Horizon and age: Middle Siwalik; Middle Miocene

Description

Leaf incomplete, mesophyll, elliptic; maximum preserved
lamina length 7.6-13.8 cm, maximum preserved lamina
width 5.5-14.4 cm; apex not preserved; base not preserved;
margin entire; texture coriaceous; petiole not preserved;
venation eucamptodromous; primary vein thickness ~0.14
cm, straight; secondary veins 8 pairs visible, distance between
two secondary veins 0.5-1.5 cm, not uniform, alternate to
sub-opposite, angle of divergence very narrow to moderate
acute (23°-63°), nearly straight and abruptly turned up near
the margin joining superadjacent secondary veins with tertiary
veins; intersecondary veins absent; tertiary veins simple and
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forked percurrent and recurved, oblique in relation to mid-
vein; quaternary veins percurrent; areoles well developed,
predominantly quadrangular.

Affinities

The remarkable features of the fossil leaf such as mesophyll
size, coriaceous texture, pinnate eucamptodromous venation,
narrow to moderate acute angle of divergence of secondary
veins, abruptly curved secondary veins near the margin,
absence of intersecondary veins and percurrent tertiary veins
indicate its affinity with the modern leaves of Dipterocarpus
(PL. II, Figs. 1-3) of the family Dipterocarpaceae. Several
herbarium specimens of the modern genus were studied in
detail but due to incompleteness of the fossil it is difficult to
identify it up to the specific level.

Fossil leaves of Dipterocarpus have been reported from
the Cenozoic sediments of India and abroad. Heer (1883)
reported Dipterocarpus antiques and D. atavinus from the
Tertiary sediments of Sumatra, while Geyler (1887) reported
D. tabuanus and D. nordenskioldi from the Pliocene of Java.
Several fossil leaves of the genus have been described from the
Siwalik sediments of India, Nepal and Bhutan (Lakhanpal and
Guleria 1987; Prasad 1990; 1994; Awasthi and Prasad 1990;
Antal and Prasad 1996; Prasad and Pradhan 1998; Prasad et
al. 1999; Guleria et al. 2000; Prasad and Tripathi 2000; Prasad
and Pandey 2008; Khan et al. 2011; Prasad et al. 2017).

DISCUSSION
Palaeoclimatic implications of Dipterocarpus

The distributions of plants are strongly governed by their
corresponding climatic conditions (Woodward et al. 2004).
For palaeoclimate reconstruction we have chosen the Nearest
Living Relative (NLR) method. The NLR method implies that
the modern analogs of the fossils are still living in the same
climatic conditions as in the past and no significant change
has taken place in environmental requirements of the taxon
(MacGinitie 1941; Hickey 1977; Chaloneer and Creber 1990;
Mosbrugger 1999). The modern distribution of Dipterocarpus
has been investigated and its climatic tolerance was recorded
(Table 1).

The climatic range of Dipterocarpus indicates that it requires
mean annual temperature (MAT) of 24-28.1 °C, warmest
month mean temperatures (WMMT) of 26.5-30.1 °C, cold
month mean temperatures (CMMT) of 16.4-26.3 °C and mean
annual precipitation (MAP) of 1438-4172 mm (Table 1). The
climate range of the NLR indicates that during the deposition
of the sediments the fossil locality experienced a warm and
humid climate with plenty of rainfall. It also indicates that
the length of the dry season was not more than 3—4 months
(Champian and Seth 1968). However, nowadays the genus is
not found in the entire flora of Nepal (Press et al. 2000). The
most plausible reason for its disappearance from the modern
flora of Nepal might be an increase in length of the dry season
i.e. aridity caused by the upliftment of the Himalaya during the
late Neogene (Valdiya 2002).
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Plate I: Fossil leaves of Dipterocarpus: Fig. 1. Fossil leaf showing shape, size and secondary veins (white arrows) (17N20iiA),
2. Enlarged portion of the fossil leaf (17N20iiA) showing secondary veins (white arrows), percurrent (yellow arrows) and
recurved (blue arrow) tertiary veins and curving up of secondary veins near the margin (red arrow), 3. Another specimen
of the fossil leaf (17N10B) showing primary vein (yellow arrows) and secondary veins (white arrows), 4. Fossil leaf
(17N9C) showing secondary veins (white arrows). All bar scales =1 cm.
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Plate I1: Leaves of Dipterocarpus: Fig. 1. Modern leaf of Dipterocarpus gracilis Blume showing shape, size and venation
pattern (CNH herbarium sheet no. 63061), 2. Enlarged portion of the modern leaf of D. gracillis showing primary vein
(yellow arrows) and secondary veins (white arrows), 3. The modern leaf showing secondary veins (white arrows), their
curving up near the margin (yellow arrow) and percurrent tertiary veins (red arrows), 4. Enlarged portion of the fossil
leaf (17N10B) showing similar primary (yellow arrow), secondary (white arrows) and tertiary veins (red arrows). All bar
scales =1 cm.
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Table 1. Climatic tolerance of extant Dipterocarpus in modern forest localities (after Shi and Li 2010).

Localities Cordinates MAT (°C) WMMT (°C) | CMMT (°C) MAP (mm)
Trivandrum, India 8.48°N, 79.95°E 26.6 28.3 25.6 1696
Colombo, Sri Lanka 6.9°N, 79.87°E 26.9 28.1 25.9 2345
Tezpur, Assam, India 26.6°N, 92.78°E 24 28.6 17.2 1882
Bhamo, Myanmar 24.27°N, 97.28°E 24.2 28.3 16.4 1857
Bangkok, Thailand 13.75°N, 100.47°E | 28.1 30.1 25.7 1438
Hanoi, Vietnam 21.03°N, 102.87°E |24 29.4 16.7 1682

Ho Chi Minh City, Vietnam 10.78°N, 106.7°E 27.6 30 26.1 1985
Kuala Terengganu, Malaysia 5.33°N, 103.13°E 26.6 27.8 25.3 29018
Padang, Sumatra, Indonesia 0.93°N, 110.37°E 26.6 27.5 25 4172
Surakarta, Java, Indonesia 7.75°S, 110.6°E 25.9 26.5 25 1848
Kuching, Borneo, Malaysia 1.48°N, 110.33°E 27 27.8 25.9 3905
Davao, Mindanao, Philippines 7.06°N, 125.6°E 27 27.7 26.3 1930
Climatic range 24-28.1 26.5-30.1 16.4-26.3 1438-4172
Fossil locality 21.8 26.1 14.7 1546

MAT = Mean Annual Temperatures

WMMT = Mean Temperatures of the Warmest Month
CMMT = Mean Temperatures of the Coldest Month
MAP = Mean Annual Precipitation

Origin and phytogeography of Dipterocarpaceae

The origin of Dipterocarpaceae is still a matter of debate
and two hypotheses have been proposed. The first hypothesis
favours its origin in southeast Asia, while the other advocates
its origin in Gondwanaland. The former gets strong support
from the megafossils recorded from the Paleogene sediments
(Bande and Prakash 1985; Feng et al. 2013) and high diversity
of the family in southeast Asia (Mabberley 2008). However,
some Paleogene fossils of the family in the form of pollen
and wood have also been reported from India (Rust et al.
2010; Dutta et al. 2011) but they are questionable (Shukla
et al. 2013). The abundance of authentic megafossil records
from the Paleogene sediments of southeast Asia (Bande and
Prakash 1985; Feng et al. 2013) and Neogene megafossil
records from the Indian sub-continent indicates that the family
might be immigrated to India after the collision of the Indian
Plate with the Eurasian Plate (Srivastava and Mehrotra 2010).
However, the aforesaid hypothesis can’t explain the modern
distribution of Dipterocarpaceae in Gondwanaland continents
such as South America, Africa, Madagascar and Seychelles as
their seeds are devoid of dormancy and lack salt tolerance and
hence can not travel long distance by sea or in arid climates
(Ashton 1982; Shi and Li 2010). The second hypothesis
suggests that the family probably originated in Gondwanaland
during the Late Cretaceous in rain forests of Africa or South
America before their separation (Morley 2000). Morley (2000)
also suggested that the family expanded widespread during the
warm phase of the Paleogene. However, the second hypothesis
lacks reliable megafossil records from the Paleogene sediments
of Gondwanaland (Shukla et al. 2013). In view of the aforesaid
discussion it seems that more reliable fossil records are needed
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either from the Gondwanaland or from southeast Asia to make
a clear picture for the origin and dispersal of Dipterocarpaceae.
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