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ABSTRACT

A new morphotype of the megalospheric form of the larger foraminifer Nummulites cf. fichteli Michelotti from the Lower Oligocene of southwestern

Kutch, western India is documented here for the first time. This morphotype shows ontogenetic change of orientation of the coiling plane and is apparently

endemic. Previous studies on the megalospheric form of this species had led to the documentation of lenticular, conical and saddle-shaped morphotypes.
These multiple morphotypes reveal different adaptations to varied bottom conditions.
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INTRODUCTION

The larger foraminiferal genus Nummulites Lamarck occurs
abundantly in the Lower Oligocene rocks of Kutch, western India
(Biswas, 1992; Sengupta, 2009). Nummulites species bearing
reticulate pattern of septal filaments and commonly referred to as
the reticulate Nummulites, include the pan-Tethyan Nummulites
fichteli Michelotti and the endemic taxon here referred to as
Nummulites cf. fichteli Michelotti; see Sengupta (2000) and
Table 1. The megalospheric form of this endemic species is
characterized by relatively small test diameter, conspicuously
large protoconch size and multiple morphotypes (Sengupta,
2000 and 2002; Sengupta et al., 2011). A previously overlooked
morphotype of N. cf. fichteli occurring in the Lower Oligocene
rocks of southwestern Kutch (Fig. 1) is documented here for
the first time. The Lower Oligocene sequence yielding the new
morphotype had earlier ceded the other morphotypes of N. cf.
fichteli mentioned above. The new morphotype is characterized
by ontogenetic change of orientation of the coiling plane (Figs.
2 and 3), which is here interpreted to reflect space-constrained
development of the spire rather than growth abnormality.

MATERIAL

Marine Oligocene rocks containing abundant reticulate
Nummulites are well exposed in Kutch (Biswas, 1992). Thirty
megalospheric tests of the new morphotype were isolated
from the Lower Oligocene glauconitic marl collected from the
Khari (23° 28’ N, 68° 41° E) - Bermoti (28° 28’ N, 68° 6’ E)
area of southwestern Kutch (Fig. 1). Lithostratigraphically, the
sampled stratigraphic interval comprises the Basal Member of
Maniyara Fort Formation (Biswas, 1992). In situ rock samples
for the present study were systematically collected from the
flanks of Rakhdi, Berwali and Golay rivers. Larger foraminifera
were isolated from the rock samples by standard technique as
described in Glaessner (1963). Rock samples were separately
boiled in water mixed with sodium carbonate to obtain the matrix
free bioclasts. Washing and drying of the bioclasts was followed
by picking of the foraminifera under stereomicroscope.

All matrix free specimens of the new morphotype were
externally examined under the stereomicroscope. Additionally,

the exterior of 4 specimens was studied under the scanning
electron microscope (SEM). The internal features were observed
on the basis of 18 polished sections. Polished sections were
prepared with the plane of section passing along the rib-like
projection formed by the early part of the spire on one side of
the test; see Fig. 2. This mode of section preparation takes into
account the ontogenetic change of the spire orientation, as the
half-cut test reveals early and latter parts of the same spire in
near equatorial and near axial section respectively. All illustrated
specimens of the present morphotype have been reposited in the
Geology Department of Calcutta University under the reference
number RN-KUTCH-4/14.
SYSTEMATIC PALAEONTOLOGY

Order Foraminiferida Eichwald, 1830

Family Nummulitidae de Blainville, 1825

Genus Nummulites Lamarck, 1801

Nummulites cf. fichteli Michelotti, 1841 sensu Sengupta,
2000

(Fig. 3, A-I; Table 1)

Nummulites cf. fichteli Sengupta, 2000, p. 673-677, pl. 1, figs. 1-14.
— Sengupta, 2002, p. 223-224, fig. 1. — Renema, 2007, p. 206. — Sengupta
et al., 2011, p. 263-268, pl. 1, figs. 1-8; table 1. — Sarkar and Syed, 2013,
p. 124.

Description: Small megalospheric tests (test diameter 2.11
to 3.44 mm) with smooth surface, short spire (up to 5 whorls) and
reticulate pattern of septal filaments. Pore openings on the test
surface show circular outline. Tests are asymmetric due to the
presence of a rib-like projection on one side of the test formed
by early part of the spire. Orientation of the plane of coiling
changes in the early ontogenetic stage. Early portion of the
spire comprising up to 2 whorls shows large circular protoconch
(maximum internal diameter 0.49-0.52 mm), reniform
deuteroconch (maximum internal dimension 0.45-0.47mm) and
longer than high rectangular postembryonic chambers separated
by short curved septa. Subsequent portion of the same spire
shows higher than wide to wider than high triangular chambers,
well-developed pillars and wide alar prolongation. The alar
prolongation pinches out against the early part of the spire on
one side of the test.
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Fig. 1. a, Simplified geological map of the study area in SW Kutch showing
sampling locations. Traverses were undertaken along Golay, Berwali and
Rakhdi rivers. Inset: map of India showing the study area (+).
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Fig. 1. b, Part of lithocolumns along the individual traverses showing
stratigraphic position of the samples.

Remarks: Various attempts to classify the megalospheric
specimens of reticulate Nummulites of Kutch are summarized in
Table 1. It is evident that the small protoconch bearing bilaterally
symmetrical N. fichteli has been copiously documented but
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the large protoconch-bearing multiple morphotypes of N. cf.
fichteli were either overlooked or arbitrarily clubbed with N.
fichteli. Morphotypes of N. cf. fichteli documented in the earlier
publications include the biconvex, the conical and the saddle-
shaped tests (Sengupta, 2000 and 2002; Sengupta et al., 2011).
The present morphotype with small test size, smooth surface,
reticulate pattern of septal filaments, large protoconch, longer
than high post-embryonic chambers, short-curved septa and
short spire, is identified as the fourth morphotype of N. cf.
fichteli. In this context it may be mentioned that Trevisani and
Papazzoni (1996) reported morphological ‘plasticity’ in the
reticulate taxon N. fabianii. Large protoconch bearing Oligocene
reticulate Nummulites taxa are known to occur outside India,
see Table 2. In larger foraminifera, protoconch size has been
widely used as taxonomic discriminator (Schaub, 1981), but
recent studies reveal the influence of environment over the
protoconch dimension (Benedetti et al., 2010 and Benedetti and
Pignatti, 2013). In the present case, protoconch size difference
between the sympatrically occurring tests of N. fichteli and N.
cf. fichteli may be considered to be taxonomically significant.
Sengupta (2000) and Cotton and Renema (2014) noted that very
little information is presently available on large protoconch
bearing Nummulites taxa. Pending further investigation, the
nomenclature of N. cf. fichteli has been kept open following the
recommendations of Bengtson (1988).

DISCUSSION

In India, conspicuous modification of the spire in Nummulites
has been reported from the Middle Eocene of Rajasthan and
Gujarat. Singh (1957) documented unequal development of
the spire about the cooling axis in the microspheric tests of
N. asymmetrica Singh. This species appears to reflect space-
constrained growth of the spire. Sengupta (2001) interpreted
the strong undulation of the spire in the giant microspheric tests
of N. maculatus Nuttall as a means to lengthen the spire while
conserving the test size. Mukhopadhyay (2003) noted eccentric
position of the spire in the subconical megalospheric tests of V.
boninensis Hanzawa and opined that the asymmetric tests paired

Table 1. Schemes of classification of megalospheric tests of Oligocene reticulate Nummaulites, Kutch.

Author Taxa Test diameter | Test shape and polar feature Protoconch
(mm) (mm)
Nuttall (1925) N. fichteli 3.34.5 Biconvex with no apical mamelon 0.29-0.37
N. clipeus 5.5 (av.) Biconvex with apical mamelon 0.25-0.36
Mohan (1965) N. fichteli 3.0-5.6 Biconvex; apical mamelon variably 0.25-0.37
developed
Dasgupta (1970) N. fichteli 2.5-6.0 Biconvex with feeble apical mamelon 0.45 (av.)
N. clipeus 3.0-5.5 Biconvex with strong apical mamelon 0.35 (av.)
Roveda N. clipeus 3.25-6.6 Biconvex; apical mamelon variably 0.30-0.38
(1970) developed
Sengupta N. fichteli-clipeus Group 3.3-55 Biconvex; apical mamelon variably 0.25-0.37
(2000, 2002) developed
N. cf. fichteli 3.0-4.6 Biconvex and conical morphotypes 0.6-0.8
Shukla (2008) N. fichteli forma fichteli 4.25-6.0 Biconvex 0.4-0.75
N. fichteli forma clypeus 2.1-6.25 Biconvex with strong apical mamelon 0.35-0.8
N. fichteli forma granulata 2.15-5.75 |Biconvex 0.4-0.6
Sengupta et N. cf. fichteli 2.6-3.5 Saddle-shaped morphotype 0.45-0.51
al. (2011)
This paper N. cf. fichteli 2.11-3.44 | Tests with ribbed appearance 0.49-0.52




NEW NUMMULITES MORPHOTYPE FROM THE OLIGOCENE OF KUTCH

up for plastogamic reproduction. Extreme modification of the
spire among Indian Nummulites is, however, encountered in the
megalospheric form of N. cf. fichteli as tests exhibit biconvex,
conical and saddle-shaped tests (Sengupta, 2000 and 2002;
Sengupta et al., 2011). The ontogenetic change of orientation
of the plane of coiling in the new morphotype reveals additional
modification of the spire in N. cf. fichteli. This morphological
trait has been presently noted among 30 specimens of the new
morphotype. This rules out the possibility of growth anomaly
of the foraminifera on account of defective genotypes because
identically defective genotypes are unlikely to occur over
the space and time represented by the collected samples. The
normal development of spiral laminae, pores, embryonic and
post-embryonic chambers, septa, alar prolongation, pillars and
the septal filaments in the examined specimens also rules out
the possibility of abnormal growth of the foraminifera owing to
defective genotype.

The plausible role of environmental stress in inducing
growth anomaly in the new morphotype can be also ruled
out because the associated biconvex megalospheric tests of
N. cf. fichteli and the megalospheric tests of N. fichteli do not
exhibit any morphological aberration due to environmental
perturbation. The plane of coiling in these taxa remains straight.
Further, the prevalence of stressed environment over the space
and time represented by the collected samples cannot explain the
occurrence of reticulate Nummulites in rock-forming abundance
in the study area. Stouff et al. (1999) observed that high
percentage (about 50%) of young Ammonia specimens thriving
in the hypersaline condition exhibit abnormal developments
of the coiling plane and the protoconch. In this connection, it
may be noted that the specimens of N. cf. fichteli exhibit normal
development of protoconch and amount to < 1% of the total
megalospheric tests of the reticulate Nummulites isolated from
the rocks. Evidences of physical damage or biological injury
(viz. predation, see Syed et al., 2014) were not encountered in
the tests of the new morphotype.

There is a superficial resemblance between the present
morphotype and some extant specimens of Amphisorus
hemprichii from the Gulf of Aqaba. The Aqaba specimens show
simultaneous development of two planes of coiling in their late
ontogenetic stage forming the ‘double periphery’ (terminology
after Hottinger, 2009). Such individuals have been interpreted
as teratological or deformed specimens (Reiss and Hottinger,
1984 and Hottinger et al., 1993). As pointed out by Sarkar and
Syed (2013), the Kutch specimens are fundamentally different
from the Aqaba specimens in that the former shows a one-time
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Fig. 2. Orientation of the plane of section relative to a specimen of the new
morphotype of N. cf. fichteli Form A. Section is prepared along the rib-like
projection present on one side of the test. Illustrated specimen is same as in
Fig. 3D; scale bar 1 mm.

change of the coiling plane orientation in the early stage of
the ontogeny, without having a ‘double periphery’ during the
subsequent growth stages.

Earlier studies have indicated that the Lower Oligocene
sediments of Kutch were deposited in low sedimentation
regime in the study area (Sengupta, 2002 and Sengupta et al.,
2011). This resulted in the accumulation of bioclasts on parts
of the depositional surface (Kidwell, 1985). It has been inferred
that the megalospheric specimens of N. cf. fichteli adapted
differently to the varied substrates, demonstrating ecophenotypy
(terminology after Haynes, 1992). The lenticular and conical
morphotypes of N. cf. fichteli thrived on the marl and the shelly
substrate respectively (Sengupta, 2002), while the saddle-shaped
morphotype thrived within the confines of the bioclast interstitial
spaces (Sengupta et al., 2011). In this context, it appears that the
change of the coiling plane orientation in N. cf. fichteli facilitated
unabated growth of the spire in constrained space. It is relevant
to mention that Medioli and Scott (1978) and Boltovskoy et al.
(1991) have elaborately discussed the adaptations of benthic
foraminifera in response to diverse substrates.

In the Tethyan realm, reticulate Nummulites belonging to
the N. fabianii lineage and bearing small protoconch have been
well documented but those with large protoconch have been

Table 2. Protoconch size of some reticulate Nummaulites recorded outside India. Taxa bearing large protoconch (>0.48 mm) are rarely documented.

Author Taxon/lineage Protoconch Location Age
(mm)
Roveda (1970) N. hormoensis Nuttall and Brighton 0.132-0.185 Hormo, Somaliland Middle Eocene
N. fichteli Michelotti 0.160-0.22 Turin Hill, Italy ?0ligocene
N. garansiana Joly and Leymerie 0.260-0.320 Garans, France ?0ligocene
Papazzoni (1998) N. “ptukhiani” — fabianii lineage 0.16- 0.32 Northern Italy, Spain, Romania Middle-Upper
Eocene
Ozcan et al. (2009) N. bullatus —bormidiensis lineage 0.065-0.450 Western Taurides, Turkey Bartonian-
Early Chattian
Roveda (1970) N. absurdus (Doornink) 0.48, 20.5 Tji Sukarama, Java, Indonesia Lower Oligocene
Roveda (1970) N. fichteli var. dubia Tellini 0.8 Liguria, Italy Oligocene
Adams (1965) N. fichteli s.1. upto 0.8 Sarawak, Malaysia Oligocene
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Fig. 3. A-I, New megalospheric morphotype of Nummulites cf. fichteli
Michelotti, Lower Oligocene, SW Kutch, India. Stratigraphic position of
specimens: A-B, B72; C, G36; D, G39; E, R24; F, G38; G, B73; H, B70; 1,
R23. A-B, SEM images; C-I, light microscope images; A-E, test exterior;
F-1, internal features in half-cut vertical section passing along the early
portion of the spire; A and C-E, appearance of test in polar view showing
early part of the spire forming discoidal rib-like projection; B, spiral laminae
showing normal development of outer end of pores; F-I, vertical section
intersecting the early and later chambers along near equatorial and axial
planes respectively. Bar scales ] mm in A, C-I and 30 pin B.

mostly neglected, see Table 2. In India, members of the fabianii
lineage comprising N. fabianii (Samanta, 1968), N. hormoensis
(Samanta et al., 1990) and N. fichteli Michelotti (Nuttall, 1925;
references listed in Table 1) have been well documented. Studies
carried out on N. cf. fichteli from Kutch can provide valuable
insight in the study of lesser known comparable Oligocene
reticulate Nummulites occurring outside India.
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