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Piperales today are a diverse, speciose group of early divergent angiosperms and are important for understanding early
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angiosperm evolution. Fossil samples were collected from the deccan Intertrappean Chert outcrop, located on the field of the
Singpur locality, about 5 km east of Saunser India (19278, 21°36.958'N, 78°43.827'E) of Madhya Pradesh India. Chert blocks
were cut into pieces and studied using the cellulose acetate peel technique The present fruit is well preserved cut in transverse
plane. Rounded globular to triangle in shape measuring 2.5-3 mm in diameter. The fruit is unilocular and is differentiated into

outer pericarp and seed. Present fossil specimen resembles with the family Saururaceae in having perisperm with starch
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grains, pericarp with protruberances, epicarp multilayered with wavy outgrowths, mesocarp single layered made of large
square cells, seed with modest undulating outline and minute embryo. It shows close similarities with the fruits of family
Saururaceae hence it is named as Saururaceocarpon cretaceousus gen. et sp. nov. The generic name is after the family and
specific name is after the age of present specimen.

INTRODUCTION

Angiosperm-dominated floras of the Late Cretaceous are
essential for understanding the evolutionary, ecological, and geographic
relatioship of flowering plants. The Late Cretaceous—early Paleogene
Deccan Intertrappean Beds of India contain angiosperm-dominated plant
fossil assemblages known from multiple localities in central India. Number
of fossil vegetative or reproductive remains have been reported from the
Deccan Intertrappean beds of central India. Among these few capsular
fruits have been reported such Enigmocarpon parijai (Sahni, 1943),
Indocarpa intertrappea (Jain, 1964), Harrisocarpon sahnii (Chitaley and
Nambudiri, 1973), Sahniocarpon harrisii (Chitaley and Patil, 1973),
Daberocarpon gerhardii (Chitaley and Sheikh, 1973), Deccanocarpon
arnoldii (Paradkar, 1975), Enigmocarpon sahnii (Chitaley and Kate, 1977),
Centrospermocarpon chitaleyi (Sheikh and Khubalkar, 1979),
Euphorbiocarpon drypeteoides (Mehrotra et al., 1983), Grewia mohgaonse
(Paradkar and Dixit, 1984), Oleaceocarpon nagpurensis (Sheikh et al.,
1986), Duabangocarpon deccanii (Kadoo and Kolhe, 2002),
Chitaleocarpon intertrappea (Kapgate et al., 2006), Portulacaceaeocarpon
jamsavlii (Meshram et al., 2011), Tiliaceaeocarpon jamsavlii (Meshram et
al., 2013) and Spinocarpon mohgaonse (Kapgate, 2013).

During the Cretaceous period angiosperms underwent a rapid
evolutionary radiation, first appearing in the fossil record around 140-66
million years ago and rising to geographic and ecological dominance in
terrestrial ecosystems by the end of the Cretaceous in the parts of central
India. (Ramteke D.D.2017).

However, recently recognized unilocular capsular fossil fruits
from the Deccan Intertrappean sedimentary sequences of Singpur near
Saunser, Madhya Pradesh of central India related to family Saururaceae
(Piperales) is taken for palaeobotanical investigation. Piperales today are a
diverse, speciose group of early divergent angiosperms and are important
for understanding early angiosperm evolution (Wanke et al., 2007).
Piperales include the families Aristolochiaceae, Hydnoraceae,
Lactoridaceae, Piperaceae, and Saururaceae. Saururaceae are a small
family consisting of four genera and six extant species: Anemopsis
californica Hook. Et Arnott, Gymnotheca chinensis Decaisne, G.
involucrata Pei, Houttuynia cordata Thunb., Saururus cernuus L., and S.
chinensis (Lour.) Baill. (Wu and Kubitzki, 1993). These herbaceous,
rhizomatous plants tend to inhabit moist to wet environments (Wu and
Kubitzki, 1993; Xia and Brach, 1999). Within Saururaceae, two species S.
cernuus and A. californica are found in North America and four species S.
chinensis, H. cordata, G. chinensis, and G. involucrata in eastern Asia
(Rendle, 1959; Wu and Kubitzki, 1993). The family is likely monophyletic
and is sister to Piperaceae in the order Piperales (Meng et al., 2003;
Neinhuis et al., 2005); Smith and Stockey (2007). there are few fossils
confidently assigned to the order, inhibiting a deeper understanding of
evolutionary trends.

MATERIALS AND METHODS

Fossil samples were collected from the deccan Intertrappean
Chert outcrop, located on the field of the Singpur locality, about 5 km east of
Saunser India (19278, 21°36.958'N, 78°43.827'E) of Madhya Pradesh
India. Chert blocks were cut into pieces and studied using the cellulose
acetate peel technique (Joy et al., 1956) . Peels were mounted on
microscope slides using DPX as a xylene-soluble mounting medium.
Images were captured with a digital camera. Photographs were processed
with Adobe Photoshop. Thus the fruit revealed details of morphology and
anatomy through examination of fractured surface, serial sectioning and
successive peels.

RESULTS

The present fruit is well preserved cut in transverse plane.
Rounded globular to triangle in shape measuring 2.5-3 mm in diameter.
The fruit is unilocular and is differentiated into outer pericarp and seed.
Placentation is axile. The fruit wall is wavy in outline, multilayered with
parenchymatous tissues. Capsules dehiscent apically valvular. Seeds
scantily endospermic. Perisperm present containing starch grain. Seeds
with starch. Embryo rudimentary at the time of seed release (PI.1, fig.1).
The detailed description of each part is given below.

Pericarp (Fruit wall)

The fruit wall or pericarp is well preserved provided with
protruberances and differentiated into outer epicarp, middle mesocarp, and
inner endocarp (PI.1, figs.3, 4) It is thick, multilayered and measures 0.2-
0.6 mm in thickness. Outer epicarp is multilayered measuring 160-550 min
thickness and is well preserved. The middle mesocarp is single layered
with thin walled parenchymatous tissue. It measures 20-30 m thick. Inner
endocarp is 10 mthick. The cells are parenchymatous (PI.1, figs.4, 5, 6).

Epicarp

It is the outermost layer of the fruit and somewhat globose to
triangular in appearance with wavy outgrowths. It is multicellular in
thickness. The cells are polygonal and parenchymatous in nature (PI.1,
fig.3).

Mesocarp
It is uniform with single layer of large square cells. The cells are
parenchymatous and measures 20-30 m thick (PI.1, fig.5).

Endocarp

Itis the innermost layer and well preserved. It measures 10 min
thickness, single layered and consist of transversly elongated
parenchymatous cells.
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Locule
The fruit is unilocular, somewhat oval and consist of single seed
(P1.1,fig.2. The diameter of locule is 1.9 x 2.4 mm.

Seed

Single large seed present in a locule. This is oval to elliptical in
T.S. and slightly elongated inL.S., measures 1.7 x2.2 mmiin size. Bitegmic
seed coat present. Outer testa is thin and inner tegmen is 1 to 2 layered with
dark banded cells. Endospermic tissue present inside the seed lumen.
Embryo not seen properly (P1.2, fig.3). Outer surface of seed have elliptical
imprints with modest undulating outline.

Seed coat

The seed is bitegmic. The testa is made up of single layer of
elongated cells measuring about 3 ym in thickness and almost crushed at
places. The tegmenis two cells in thickness measuring about 14-18 pm.
Inner pulp In between pericarp and seeds few thin walled parenchymatous
cells are preserved at places (PI.1, fig.4); otherwise except for the seed and
placenta no other tissue is preserved. These cells inside fruit measure
about3 x4 uymin size.

Placenta
The placentation is marginal; the seed is attached with its
funicles. Vascular supply is not seen (P1.2, fig.3).

Embryo

Embryo appears to be made up of thin walled cells with single
layer epidermis. It is minute and curved. Embryo measures about 75 x 56
um in size. The embryo is dicotyledonous having two cotyledons, supplied
with a placenta (PI.2, fig.3). Atthe chalazal end of the seed is seen a dark
structure of hypostase (PI.2, fig.4). The undifferentiated cellular mass of
thin walled parenchymatous cells is found.

RESULTS
From the detailed study and comparison of fossil fruits, it is clear
that the present fossil fruit does not show any resemblance with earlier
reported fossil fruits, but it shows resemblance with the living family as
under.
Systematics
Order-Piperales
Family-Saururaceae
Genus-Saururaceocarpon
Species-Saururaceocarpon cretaceousus
Ramteke & Nagrale sp. nov.
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It shows close similarities with the fruits of family Saururaceae hence it is
named as Saururaceocarpon cretaceousus gen. et sp. nov. The generic
name is after the family and specific name is after the age of present
specimen.

Holotype- DDR/Ang.Fruit/Deposited in Deccan Flora museum and
Research center, Sakoli, India.

Horizon- Deccan Intertrappean beds.

Locality- Singpur, Madhya Pradesh, India.

Age- Maastritchian—Danian.

DIAGNOSIS

Saururaceocarpon gen. nov.

Fruit is dicotyledonous, unilocular, dehiscent capsule with single seed in a
locule, axile placentation, large perisperm.

Saururaceocarpon cretaceousus gen. et sp. nov.

Fruit is a unilocular capsule, obovote, measuring 2.5-3 mm in width. Fruit
wall 0.2-0.6 mm thick, differentiated into epicarp, mesocarp and endocarp.
Epicarp 160-550 m thick with wavy outgrowths, parenchymatous,
polygonal cells; mesocarp uniform with single layer of large square cells,
parenchymatous, measuring 20-30 m in thickness; endocarp single
layered of transversly elongated parenchymatous cells measuring 10 m in
thickness. Large single seed, 1.7 x 2.2 mm in size with undulating outline,
bitegmic. Embryo measures 75 x 56 ym in size, endospermic nucleus,
dicotembryo, hypostase at chalazal end.

Saururaceocarpon cretaceousus gen. et sp. nov.
Explanation of Plate 1 (fig.1)

1. Specimen 1 intransverse plane.

2. Specimen 2 in longitudinal plane showing dehiscence and embryo.

3. Magnified view of specimen 1.

4. Magnified view Pericarp showing epicarp (ep), mesocarp (me),
endocarp (en) and seed coat (sc).

5. Mesocarp showing large squarish cells.

6. Layer of epicarp with starch.

Saururaceocarpon cretaceousus gen. et sp. nov.
Explanation of Plate 2

1. Extant member of Saururaceae Saururus.

2. Transverse section of living Saururus species.

3. Magnified view of seed showing embryo (emb) and placenta (pl).
4. Magnified view of seed hypostase (hy).
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Plate 1

Saururaceocarpon cretaceousus gen. ¢t sp. nov.

Fig .2: Extant member of Saururaceae Saururus.

DISCUSSION
The above described specimen revealed following important
details for its identification.
» Fruitis unilocular, dehiscentand ovate.
« Fruitwallis multilayered and fleshy.
» Single seeded.
» Perisperm with starch grains.
» Mesocarp single layered made of large square cells.
» Seed with modest undulating outline.
« Seed coatis thick and differentiated into testa and tegmen.
»  Embryo minute, dicotyledonous.
» Nuclearendosperm.
From these characters it is evident that the described fruit was formed from
unicarpellary, syncarpous, superior ovary with axile placentation, having
single ovule in a locule. Nature of the fruit appears capsular due to fleshy
pericarp and dehiscence (Corner, 1976).

Comparison with fossil fruits

The previously described capsular fossil fruits from the Deccan
Intertrappean beds of India are differing from the present fruit in number of
characters. Mehrotra et al., (1983) reported Euphorbiocarpon drypetoids,
the trilocular single seeded fruit while the present fruit is unilocular single
seeded. Wingospermocarpon mohgaonse (Sheikh and Kapgate, 1984) is
unilocular fruit but differs from present fruit in having winged seed.
Portulacaceaeocarpon jamsavlii (Meshram et al., 2011) is unilocular but
differs in having triangular, multiseeded fruit. Spinocarpon mohgaoense
(Kapgate, 2013) is a spiny fruit having two locules with two erect mucronate
beak but the present fruit is unilocular single seeded therefore it is totally
different. Lagerstroemiocarpon harisii (Kokate, 2013) differs in having
hexagonal fruit with single seed in each locule. Tiliaceaeocarpon jamsavlii
(Meshram et al., 2013) is unilocular fruit but differs in having hexagonal,
ovate indehiscent fruit measuring 3-4 mm in size, hard woody projection on
fruit wall, thin walled parenchymatous mesocarp, unitegmic seed,
nonendospermic.

Comparison with the modern taxa

For assigning the fossil seed to proper family, it was also
compared with living genera of modern monocot families. The available
literature was thoroughly searched for the anatomical and embryological
characters (Corner, 1976; Esau 1979; Fahn 1982) and Angiosperm
Phylogeny Group (APG) (2003, 2016). The present fossil fruit is compared
with the modern families like Amaranthaceae, Aristolochiaceae,
Celastraceae, Dilleniaceae, Flacourtaceae, Pedaliaceae, Papaveraceae,
Saururaceae, Zygophyllaceae showing characters like unilocular, single
seeded, capsular fruit, seed coat not multiplicative, valvular dehiscence,
embryo small

Family Amaranthaceae differs in having the medium size,

Saururaceocarpon cretaceousus gen. et sp. nov.

Fig .3: Extant member of Saururaceae Saururus.

Aristolochiaceae fruit differs in having hexagonal, more or less cylindrical,
longitudinal dehiscence, multiseeded, triangular seed, seed with leather
like endothecium. Celastraceae differs in having seeds completely
enveloped in a large brigh aril, large cotyledons embedded in a fleshy
endosperm. Dilleniaceae differs in having conspicuous funicular aril closely
united with the testa. Flacourtiaceae differs in having endosperm in
quantity, embryo with a small root, large flat cotyledons and hard seed coat.
Pedaliaceae differs in having fruit with wings, thorns or hooks.
Papaveraceae differs in having dehiscence by four to six valves at the
apex, long narrow fruit, seed bear an appendage of the raphe. Family
Zygophyllaceae differs in having septicidal nature of fruits with
membranous testa, loculicidal dehiscence.

Present fossil specimen resembles with the family Saururaceae
in having perisperm with starch grains, pericarp with protruberances,
epicarp multilayered with wavy outgrowths, mesocarp single layered made
of large square cells, seed with modest undulating outline and minute
embryo (PIl.2, figs.1, 2).
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