The Palaeobotanist 57(2008) : 217-220
0031-0174/2008  $2.00

Antiquity and migratory paths of angiosperms in
India

R.C. MEHROTRA

Birbal Sahni Institute of Palaeobotany, 53 University Road, Lucknow 226 007, India.
Email: rcmehrotra@yahoo.com

(Received 08 March, 2007; revised version accepted 07 December, 2007)

ABSTRACT

Mehrotra RC 2008. Antiquity and migratory paths of angiosperms in India. The Palaeobotanist 57(1-2) : 217-220.

In India the earliest angiospermous plants are known in the form of pollen/fruit or ?flower from the Lower
Cretaceous (Aptian) of Rajmahal flora. Unfortunately, the Lower and Middle Cretaceous records of angiosperms from
India are very poor as compared to those in other continents. The definite records of angiosperms started appearing from
the Lameta flora considered as Maastrichtian in age. During the Upper Maastrichtian-Danian they became the most
dominant element of the flora. An influx of Southeast Asian elements could only be noticed in the beginning of the
Neogene. During upheaval of the Himalayas, temperate angiosperms which were growing luxuriantly in the nearby areas
of Tibet and Southwest China, invaded the Himalayan part of India under the prevailing favourable conditions.
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INTRODUCTION vessels, double fertilization, presence of companion cells in
the phloem, tectate-columellate pollen with non-laminated
OST of the herbivorous animals, including humansndexine and presence of stamens and carpels on the same
depend heavily on angiosperms or flowering plantioral axis.
for food and many other useful products. Their utility to man A few decades ago, the origin of the angiosperms was
has created interest in their origin, evolution and migration.tlhought to be a mystery but in the recent years attempts have
is very difficult to define an angiosperm, however, completeeen made by various workers (Dilcher, 2001; Doyle, 2002) to
encloser of the ovules in a carpel is considered as one of s#udve the problem after combining the fossil data with new
most important characters for its identification. The othenolecular information. Though there are several records of
diagnostic features are reticulate venation of leaf, woods wiBlrecretaceous angiosperms based on the reticulate venation
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of leaves (Harris, 1932; Cornet, 1986, 1992), woods havirsgithoress has provisionally placed it under the form genus
vessels (Krausel, 1928), fruits/seeds and flower like structur@snajoricarponBanerji. The flower like structure was
(Wieland, 1929; Cornet, 1986, 1992), along with columellatedescribed without assigning any name to it due to its poor
tectate pollen grains (Rouse, 1959; Cornet & Traverse, 19fBeservation. These are the only reports of angiospermous
Cornet, 1989; Hochuli & Feist-Burkhardt, 2004), none of therfossils from the Rajmahal flora which is otherwise very rich
shows definite characters of angiosperms and are, therefard dominated by pteridophytes and gymnosperms.
discarded.

At present the oldest and definite angiosperm records MIDDLE-LATE CRETACEOUS RECORDS FROM
are known in the form of reticulate monosulcate pollen grains INDIA
known from the Valanginian or Hauterivian of Israel and Italy
(Doyle, 2002, p. 174). The earliest definite angiospermous flower  Itis very significant to note that there is not even a single
namedArchaefructusSunet al is known from the Lower record of megafossil from the Middle Cretaceous sediments
Cretaceous (Barremian-Aptian) sediments of Yixian Formatioof India though by this time rich angiospermous assemblages
Liaoning, northeast China (Seal, 1998). Its two species, are known from similar deposits of Europe, N. America, S.
namely,A. liaoningensisSunet al andA. sinensisSunet al ~ America and Australia (Mehrotra, 2003). Itis usually accepted
are complete plants from roots to fertile shoots (8ual, by botanists that once angiosperms evolved, they superseded
2002). These are probably submerged aquatic plants becahse other groups of seed plants (gymnosperms). If they
of their dissected leaves and being found in a lake deposiolved in India during the Lower Cretaceous, they must have
The reproductive axes of these plants lack petals and sefgmen dominant in the Middle to early Late Cretaceous flora.
but bear stamens in pairs below conduplicate carpels€iSurBut definite angiospermous records started appearing from

al., 2002). the Lameta flora of Nand-Dongargaon area which is
Maastrichtian in age (Mohabest al, 1993). According to
EARLIEST (LOWER CRETACEOUS) RECORDS Raju and Mishra (1996), the absence of angiosperms in India
FROM INDIA after the Albian and before the Maastrichtian could be due to

marine deposits which are usually devoid of plant fossils.

The Lower Cretaceous records of angiosperms in India The Lameta flora which is otherwise dominated by algal
are unfortunately very poor. The earliest reports are from tf@ms, includes one palm leaf and two dicot woods belonging
Rajmahal Hills, Jharkhand, the age of which is considered @s Lecythidaceae and Sapindaceae (K€arml., 2004).
Lower Cretaceous (Aptian; Tiwari & Tripathi, 1995; Banerji,Angiosperms can be seen as the most dominant element (about
2000). First of all Sahni (1932) describeldmoxylon 68%) inthe Deccan Intertrappean flora which is considered as
rajmahalenseSahni from there and considered its affinitie$Jpper Maastrichtian-Danian in age. The reason of their sudden
with vessel less members of Magnoliales. Gupta (1934), Hatiundance could be due to the link of India with Africa via
and Bose (1952) and Bose and Sah (1954) have renamed Basater Somalia during the Campanion-early Maastrichtian
Sahnioxylon rajmahalend®ose & Sah showing its affinities (Chatterjee & Scotese, 1999; Mehrotra, 2003), however, the
with Bennettitales. Later on, Vishnu-Mittre (1956) describedlaypothesis needs more evidences to corroborate. The flora is
pollen grain,Sporojuglandoidites jurassicudéishnu Mittre, represented by all the possible plant parts, viz. woods, leaves,
from there. The surface of the grain shows number of poredfinits, seeds, roots, petioles, peduncles, infructescences and
the exine and was compared with juglandoid grains. Potorfiéwers, etc. They are equally represented by both
(1960) raised doubt over its pollen grain character afteronocotyledonous and dicotyledonous taxa. The monocots
examining its only specimen. In the last decade Tiwari arade dominated by palms though Pandanaceae, Cyclanthaceae,
Tripathi (1995) reported angiospermous pollenAraceae, Xyridaceae, Smilacaceae, Musaceae, Zingiberaceae,
Retimonocolpite®ierce andClavatipollenitesCouper, from Cannaceae, etc. are also known. Palm woods occur profusely
the same sediments. As far as records of megaremainsiaréhe field but are difficult to be assigned to their natural
concerned, Sharma (1997) described an early angiospegenera. However, some of the taxa that have been identified,
fructification which resembldsesqueriaCrane & Dilcher and are: Areca, Borassus, Cocos, Hyphaene, Nypa, Arenga,
Archaeanthudilcher & Crane known from the Middle Chrysalidocarpus, Livistona, Licualatc. (Bandet al, 1988;
Cretaceous of U.S.A. (Crane & Dicher, 1984; Dilcher & Crand/lehrotra, 2003). The dicotyledonous forms are very rich and
1984). Subsequently, Banerji (2000) described amostly occur in the form of woods. The important and reliably
angiospermous fruit and a questionable flower from the santentified genera ar®racontomelumand Lanneaof
beds. The fruitSonajoricarpon rajmahalensiBanerji, is a AnacardiaceaelLeeaof AmpelidaceagPolyalthia of
follicle or pod with many seeds and resembles the fruit énnonaceagAristolochiaof AristolochiaceagBurseraand
Butea frondosaf Fabaceae. As the family Fabaceae is quit€anariumof Burseracead,ophopetalunmof Celastraceae,
‘advanced’ and the study is based on a solitary specimen, Garcinia of ClusiaceaeTerminalia of Combretaceae,
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Tetramelesf Datiscaceaeliospyros-Mabaof Ebenaceae, present either in northeast India or in the Western Ghats or
Elaeocarpus-Echinocarpud Elaeocarpaceablallotusand Myanmar where the climate is tropical with a uniform
Phyllanthusof Euphorbiaceag¢jomaliumandHydnocarpus temperature throughout the year, annual rainfall > 2000 mm
of FlacourtiaceagomphandraStemonurusf Icacinaceae, and a long rainy season. The wide distribution of the tropical
Barringtoniaof Lecythidacead,agerstroemiaf Lythraceae, rainforest family Dipterocarpaceae throughout India during
Heynea, TurraeanthuendWalsuraof MeliaceaeArtocarpus the Neogene indicates a more or less uniform tropical moist
of MoraceaeMelaleuca-Callistemon, Eucalyptus, Syzygiunalimate throughout peninsular India during the period (Guleria,
and Tristania of Myrtaceae Zizyphusof Rhamnaceae, 1992).
Atalantia-Limoniaof RutaceaeNephelium(sensu latd of During the second phase of the upheaval of the Himalayas
Sapindaceaeiilanthusand Simaroubaof Simaroubaceae, in the middle Miocene, some small fresh water basins were
Sonneratiaof Sonneratiacead)ombeyaand Sterculiaof formed in the Tibetan side in which the Kargil molasse and
SterculiaceaeGrewia of Tiliaceae,Trapa of Trapaceae and other Miocene sediments of Ladakh-Karakoram area were laid
Gmelinaof Verbenaceae (Bandéal, 1988; Mehrotra, 2003). down. The occurrence of fossil temperate elements of Sino-
Japanese origin, such asachycarpusand Prunus in the
TERTIARY RECORDS same sediments indicates that the temperate conditions started
appearing in the Himalayas during the period. It has been
During the Tertiary the earliest plant fossil records arebserved that most of the temperate taxa of the Neogene flora
known from the Upper Palaeocene-Eocene sediments.dhYunnan and Tibet of China have been found in the Upper
northeast India they are described from the Tura FormationRifo-Pleistocene flora of Karewa of Kashmir from where most
Garo Hills, Lakadong Sandstone Formation of Khasi Hills anof the taxa spread westwards and southwards due to the
Therria Sandstone Formation of Jaintia Hills, Meghalaydevelopment of favourable climatic conditions (Mehratra
(Mehrotraet al, 2005), while in western India they are fromal., 2005).
the Panandhro and Rajpardi Lignite Mines of Kutch

(Lakhanpalet al, 1984; Mehrotra, 2003) and Fuller’s Earth QUATERNARY RECORDS
deposits of Rajasthan (Lakhanpal & Bose, 1951; Kaul, 1951).
Among the monocot&ocos, NypandPandanusontinued The third phase of the upheaval of the Himalayas took

from the Deccan Intertrappean flora, while among the dicopgace in the Pleistocene due to which the height of Kashmir
Artocarpus, Atalantia, Garcinia, Grewia, LagerstroemiaHimalayas had been uplifted. As a result some of the Chinese
Sonneratia, Syzygiurfierminalia,etc. continued in the flora. taxa disappeared/migrated to those areas in the Himalayas
Some new forms, such @&auhinia, Bombax, Calophyllum, which were altitudinally lower. Nowadays, some of these taxa,
Cinnamomum, Ficus, Mangifera, Mesua, Nelumbo, Phoeb®jch asAcer, Betula, Castanopsis, Desmodium, Machilus,
Pterocarpusetc. also appeared in the flora which is dominatedlagnolia, Myrica, Quercus, Rhus, Rosa, Sorbus,
by dicots. Palms are very few and the definitely identified orf®ymingtonia, Viburnungtc. can still be found in the Eastern
is Nypaonly. Himalayas. Thus, the fossil plants from the Karewa of Kashmir
The dicot forms became richer during the Oligocenand Neogene of China are the major constituents of the present
(Awasthi & Mehrotra, 1995) but the palms are represented lopy subtropical/temperate angiospermous elements of India
Nypa only (Mehrotraet al, 2003). The new forms are (Mehrotraet al, 2005).
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