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Dwarf megateuthidid belemnites from the Bathonian of Kachchh (India: Gujarat)
and their significance for palaeobiogeography
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We describe in detail new finds of dwarf megateuthidid belemnites from the Middle—Late Bathonian of Kachchh (Western
India), previously only rarely mentioned in the literature. The material is assigned to a new genus and species, Challinoria
challinori gen. et sp. nov. Extensive morphological comparison together with analysis of the biogeographical distribution
of comparable taxa suggests affinity of the newly described taxon with Early Bajocian megateuthidids from South
America, showing the existence of a previously unknown megateuthidid habitat area in the Southern Hemisphere during
the Bajocian and Bathonian. The biogeographical patterns and trans-equatorial migration routes of Middle Jurassic
megateuthidids are discussed. The occurrence of the newly described taxon in the Bathonian of India, along with the lack
of Mediterranean and Indo-Pacific records of similar age, may be connected with the short-term opening of a marine trans-

Gondwanan seaway.
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Introduction

Belemnite assemblages of the Middle Jurassic of Gond-
wana, and particularly India, are known to be represented
mainly by members of the families Belemnopseidae Naef,
1922 (predominantly the genera Hibolithes de Montfort,
1808 and Belemnopsis Bayle, 1878) and Dicoelitidae
Sachs & Nalnjaeva, 1967; both of these families belong to
the suborder Belemnopseina Jeletzky, 1965, which is
characterized by alveolar grooves running backwards. On
the other hand, in the Northern Hemisphere, members of
the suborder Belemnitina von Zittel, 1895, which is char-
acterized by apical grooves, were common from the Early
Jurassic to the Early Cretaceous.

Among the former Gondwana fragments, finds of
belemnites belonging to the suborder Belemnitina are rel-
atively common in the Bajocian along the western margin
of Gondwana (South America and the Antarctic Penin-
sula; see Stevens 1965; Challinor ef al. 1992; Doyle et al.
1996, 1997; Doyle & Pirrie 1999; Challinor & Hikuroa
2007). In contrast, the northern, north-eastern, eastern and
southern margins of Gondwana are marked by only a few
records of Middle Jurassic Belemnitina.

Historically, the first record was ‘Belemnites giganteus
Schloth.” from the Bajocian of Algeria (Coquand 1862,

1880); a few years later, Lemoine (1906, p. 145) men-
tioned ‘Belemnites cf. giganteus Schloth.” from Madagas-
car. Outside Africa, there is a small cylindroconical
species from the Lower Bathonian of New Caledonia
(‘Genus et species nov.” in Challinor & Grant-Mackie
1989); probably a similar find was mentioned by Stevens
(1963, fig. 37; 1973, fig. 1A). In New Zealand, Middle
Jurassic belemnitine records are presumably Latest
Toarcian — Early Aalenian Hastateuthis otagoensis
Challinor & Hudson, 2017 (=Cylindroteuthis sp. in
Stevens, 1965 and Challinor et al, 1992) and Late
Bathonian  ‘Cylindroteuthis  (Cylindroteuthis) sp.” of
Challinor & Hudson (2017). In turn, specimens previously
mentioned from the ?Bajocian of New Zealand as
‘Brachybelus zieteni’ (Werner, 1912) by Stevens (1965)
and as ‘Brachybelus sp.” by Challinor et al. (1992) are
now supposed to be of latest Early Jurassic age along with
other diversified Belemnitina (Challinor & Hudson, 2017).

An unusual single conical rostrum, also falling outside the
typical belemnopseine assemblage, was described from
Western India by Spath (1927, 1933), who illustrated a lon-
gitudinal split of an embedded conical rostrum and tenta-
tively assigned it to ‘Megateuthis sp. indet. (?)’. For a long
time, this find remained the only record of possible non-
belemnopseine belemnites from the Middle Jurassic of India.
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Figure 1. Geographical and geological positions of the belemnite localities discussed in the text. Geological map after Biswas (1980).

During the winter seasons of 2014 and 2015, the
authors discovered a new locality in Kachchh containing
abundant material that is similar to Spath’s enigmatic
specimen. Both new and historical specimens are
described in detail in the present paper.

Geological setting and material

Short conical rostra representing 120 specimens in total
were collected from the core of the Jumara dome section
(Figs 1, 2), which is probably the most famous and best
studied Middle Jurassic sequence in Kachchh. It exposes
a nearly complete sequence from the Bathonian to the
Oxfordian (Jain 2014; Dutta & Bardhan 2016). The oldest
part of the Jumara dome is represented by shelly lime-
stone of the lower Middle Bathonian Arkelli Zone (Jain
2014; the equivalent of the European Progracilis Zone),
which is succeeded by ‘coral meadows’ and shelly
micritic limestone deposited as distal tempestites (Flrsich
1998). The entire carbonate succession exposed in the
core of the Jumara dome is Middle to Late Bathonian
(Arkelli to Triangularis Zones) in age.

Most of the specimens were collected from the talus at
23°41.660" N, 69°4.125" E, where they were mixed with
corals weathered from ‘coral bed A’ (sensu Fursich et al.
1994, 2013). Several specimens were found with frag-
ments of rock matrix comprising yellowish calcareous
marl containing numerous bioclasts of corals, bivalves
and gastropods as well as smaller indeterminate fossil
fragments. The ‘spotty”’ distribution of specimens over the
scree and the similarity of matrix rock in all available
cases led us to the conclusion that the majority of the fos-
sils came from a single layer.

The outcrop of this layer, containing rostra in situ, was
found in the same area at 23°41.609’ N, 69°4.04' E
(Fig. 2C-G). The rock is identical to that described above
and is represented by a 50-cm-thick, dense calcareous
marl with well-exposed upper and lower bedding surfaces,
the top being markedly ferruginous. This surface exposes
numerous smaller corals, many of which are lying on their
sides or upside-down, disjunct, rolled and chaotically ori-
ented Solen shells, crinoid stem fragments, articulated
brachiopod shells, and carbonate pebbles. Belemnite ros-
tra are relatively rare and can be fragmentary, their surfa-
ces often densely covered with micro-borings and
sometimes with isolated epibionts. All of this indicates a
tempestite origin for the belemnite-bearing bed, which
corresponds to coral bed A of Fursich et al. (1994, 2013)
and bed A4 of Jain (2014), and is dated to the early Mid-
dle Bathonian (Arkelli Chron).

A single fragment of a conical rostrum of the same type
was picked in the talus of the lowermost part of the
Sponge Limestone of Fiirsich et al. (2013) (23°41.747' N,
69°4.22" E), corresponding to a level 0.7-1 m above its
base. This level is dated to the Late Bathonian Triangula-
ris Zone (Jain 2014). Morphologically, the specimen is
indistinguishable from those collected from coral beds
below, and it remains unclear whether it really originated
from the sponge beds or was relocated there anthropogen-
ically. Attempting to clarify this, we produced several
thin sections: one with rock material filling the alveolus of
the problematic find, a second including the surrounding
layers, and two more that included the rock matrix of bel-
emnite-bearing bed A4. Microscopically, the rock mate-
rial from the Sponge Limestone differs clearly from that
of the A4 level in the presence of numerous sponge spi-
cules. Unfortunately, thin sectioning across the alveolus
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of the problematic specimen revealed recrystallized crys-
talline calcite, which could be interpreted as a derivate
from both bed A4 and the basal sponge meadows.

Jain (2014, fig. 4a) also mentioned belemnite finds from
beds A2, A5b, the middle part of A6 and several levels of
AB8; these beds are essentially close to A4 and potentially
could yield similar finds. During our study of the succes-
sion, we failed to find any belemnite rostra in A2 or A5b,
while other levels yielded a few poor fragments of Hibo-
lithes sp. (family Belemnopseidae) but no megateuthidids.
A summary of the distribution of our belemnite finds
across the Bathonian of the Jumara section is shown in
Figure 2B.

Additionally, materials kept in the Natural History
Museum, London (NHMUK) were studied by the first
author. The only poorly preserved historical specimen
NHMUK C.19961, collected by J. F. Blake in 1907 and
figured by Spath (1927), originates from the Patcham
Island region, specifically from the ‘Patcham dolomite’
(= Raimalro limestone; see Biswas 1980; Pandey & Dave
1993) at Andhou (Fig. 1B). This level is considered to be
equivalent to the Sponge Limestone at Jumara (Firsich
et al. 2001, 2013) and is therefore dated to the Late
Bathonian Triangularis Zone.

In addition to Spath’s specimen, the NHMUK collec-
tion contains another find by Blake (NHMUK C.19926)
that has not been referred to and originates from the
‘Nucula Flags, Jooria’ ( = Jhura Dome); the exact locality
of this find remains uncertain. Blake introduced the term
‘Nucula Flags’ for Nucula- and other similar bivalve-rich
flagstones; however, he never published any palaconto-
logical or geological work on India. His large palaconto-
logical collection, which has been housed at the NHMUK
since the beginning of the twentieth century, was exten-
sively used by later palacontologists, and the term ‘Nucula
Flags’ used in Blake’s sample labels found its way into
the literature without any stratigraphical connotations.
Several uncertainties exist concerning the precise age of
Blake’s horizon at different localities, and the age may
vary (Agrawal & Kachhara 1979; Agrawal & Pandey
1985; S. Jain, pers. comm.). Particularly at Jhura Dome,
the name ‘Nucula flags’ was applied to shelly beds at dif-
ferent stratigraphical levels. Spath (1924), who reinter-
preted the ammonites of Blake’s collection and his
localities, discusses the ‘Nucula Flags’ exposed at the
East of the Badi Section (within the Jhura Dome) and
refers to Obtusicostites obtusicosta as occurring within
the Nucula Flags. This ammonite genus is a definite
Middle Callovian indicator (Dutta & Bardhan 2016). In
another view, F. T. Flirsich (Firsich ef al. 2013; pers.
comm.), in his description of the Jhura Dome succession,
recently placed ‘Nucula Flags’ within the middle part of
the Lower Callovian succession, listing several species of
Macrocephalites (M. formosus, M. madagaskariensis
and M. dimerus) found nearby. The listed species of

Macrocephalites normally occur at slightly different lev-
els (Prasad 1998; Jain & Desai 2014).

Our examination of several different localities across
the Jhura Dome (Jhura Camp, Badi) has shown that nei-
ther Lower Callovian ‘Nucula Flags’ nor Middle Callo-
vian ‘Golden Oolite’ strata match the matrix of NHMUK
C.19926: the former contains numerous bioclastics,
whereas the latter is characterized by numerous ooids. A
tiny juvenile conical rostrum, very comparable in matrix
with the NHMUK specimen, was found at the Badi sec-
tion (23°25.627’ N, 69°33.967’ E) within Unit G of the
Jhurio Formation sensu Biswas (1980, 1993). This unit is
interpreted as roughly analogous to the upper part of
Jumara Coral Limestone and Sponge Limestone (Biswas
1993; Fursich et al. 2013). The possible stratigraphical
range for this find is Upper Bathonian (Procerites to
Triangularis Zones).

In addition to the Indian megateuthidids, extensive
comparative material was studied, including diverse Bajo-
cian and Bathonian megateuthidids both from the North-
ern Hemisphere (European Russia: our own collections
and the originals of I. S. Barskov (Mitta et al. 2004) and
V. A. Gustomesov (1960), both housed at the Vernadsky
State Geological Museum (VSGM), Moscow; Northern
Eurasia: collections of Sachs & Nalnjaeva (1975) kept in
the Central Siberian Geological Museum, Novosibirsk),
and collections from the Southern Hemisphere, which
were examined by API at the Museum La Plata (MLP),
La Plata, Argentina.

Methods

The abundance of belemnite material obtained from virtu-
ally a single layer of a single locality allows the applica-
tion of a biometric approach in our study. A list of the
measurements performed and their abbreviations, modi-
fied after Dzyuba (2012), is given in Figure 3. Several of
the measurements outlined on the figure require clarifica-
tion. Due to imperfect preservation of the material (the
apex and the initial part of the alveolus are commonly
missing), the ‘classic’ systems used for conical rostra (e.g.
Schlegelmilch 1998; Dzyuba 2012) are not fully applica-
ble, as for many specimens it is impossible to obtain the
essential standard dimensions — length of postalveolar
part of the rostrum (PA), dorsoventral and ventral diame-
ters (DV and LL, respectively) at alveolar tip. To permit
analysis of the variability, we used as a principal descrip-
tive characters the diameters of the ‘conventional’ section
located in the mid-alveolus (diameter of alveolus 11, ~ 1/2
outer lateral diameter LL’) with its diameters (DV’, LL’).
The precise position of the mid-alveolus section always
remains somewhat ambiguous without polishing the ros-
trum; however, because the variance of bias is accidental,
on average the true position of the mid-alveolus section
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Figure 3. Measurement system applied to the studied material
and the positions of grooves and lines over the rostrum surface.
The transverse sections show two different ways of measuring
the Rv parameter depending on the preservation of the specimen.
Abbreviations are explained in the text.

should be reflected more or less confidently. Additionally,
the compression ratio, calculated as LL/DV remains
almost constant along most of the length (see description
below); this means that the precise position of the mid-
alveolus section, which obviously affects the LL’ and
DV’ values, does not affect their ratio.

One additional parameter, DV” — the dorsoventral
diameter at preserved posterior cross section near the
protoconch — in the ideal case coincides with DV but in
practice is slightly shifted anteriorly or posteriorly of the
protoconch, depending on the preservation of the
specimen.

For characterizing size and shape, we also used the fol-
lowing ratios: D’, the average diameter at the mid-alveo-
lus, calculated as the second root of both its diameters
(dorsoventral and lateral; D’ = sqrt(DV’*LL’)), this ratio
was counted as a principal size character for further analy-
sis; LL/DV, the compression ratio at the alveolar tip; and
LL’/DV’, the compression ratio at the mid-alveolus.

The alveolar angles B(I1l) and B(dv) were measured
from photographs representing combined three-side pro-
jections (alveolar + lateral/ventral + apical sides) and
showing the width of two transverse sections of the phrag-
mocone and the distance between them. This method is
far from precise but can provide a general idea of the vari-
ability of the phragmocone angles across the whole set.

For studying phragmocone ontogeny, we obtained
dimensions using high-resolution photographs of polished
longitudinal sections along the symmetry plane. We used

the following dimensions: cl, camera length, measured
along the median line of the phragmocone; and ch, camera
height, measured at the middle of the camera.

Most macro-photographs were prepared using ammo-
nium chloride coating.

The original specimens are housed at the Vernadsky
State Geological Museum, Moscow (VSGM) and the Pan-
dit Deendayal Petroleum University (PDPU).

Systematic palaeontology

Subclass Coleoidea Bather, 1888
Order Belemnitida von Zittel, 1895
Suborder Belemnitina von Zittel, 1895
Family Megateuthididae Sachs & Nalnjaeva, 1967

Remarks. In its most recent revision (see Dzyuba et al.
2015), the Toarcian—-Middle Jurassic family Megateuthi-
didae includes a number of genera that show variable ros-
trum shapes (from lanceolate in Simpsonibelus Doyle,
1992 to perfectly conical in some Megateuthis Bayle,
1878 and Paramegateuthis Gustomesov, 1960) and cross
sections (from round or even slightly depressed in Brevi-
belus Doyle, 1992 to strongly compressed in some Mega-
teuthis), with very differently pronounced dorsolateral
grooves and a ventral groove that may be present or
absent. Although all the listed genera seem to be related,
the demarcation of the whole family from the more
ancient Early Jurassic Passaloteuthididae Naef, 1922,
which are characterized by a similar set of rostral shapes
but normally less pronounced dorsolateral grooves, is not
obvious. Redefining the boundaries between these taxa is
a subject for future research, and the monophyletic nature
of the family Megateuthididae does not appear convincing
at the moment. Especially suspicious among megateuthi-
dids are species of Brevibelus and belemnites described as
Dactyloteuthis from Eastern Europe (Nikitin 1975;
Ippolitov et al. 2015), which lack apical grooves.

Genus Challinoria gen. nov.
Type species. Challinoria challinori gen. et sp. nov.

Derivation of name. After Arthur Brian Challinor, a bel-
emnite researcher from New Zealand who devoted his life
to the study of the belemnite faunas of Gondwana.

Diagnosis. Conical Megateuthididae of dwarf size, not
exceeding 40—50 mm in length, without epirostrum; with
angular or subangular, rounded to oval, markedly com-
pressed and often egg-shaped cross section, anteriorly flat-
tened both at dorsal and ventral sides in adults; with
incised paired dorsolateral apical grooves and a well-
defined system of lateral lines over the rostrum. Alveolar
angle normally between 17 and 25°.
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Differential diagnosis. The genus differs from Megateu-
this Bayle, 1878 in the tiny size of the adults, the absence
of an epirostral growth mode (no epirostrum or ‘diffuse
apical line’) and a well-defined system of multiple lateral
lines, as well as by the absence of ventrolateral apical
grooves. It differs from Mesoteuthis Lissajous, 1915,
which has been synonymized with Megateuthis Bayle,
1878 by a number of recent authors (e.g. Doyle 1992;
Dzyuba et al. 2015), in its long and remarkably conical
shape, as well as its smaller size. It differs from Parame-
gateuthis Gustomesov, 1960 in its smaller size and, more
characteristically, by the wider ventral side in the alveolar
region, while in Paramegateuthis the dorsal side is wider
at the anterior end (Fig. 4L-P). A remarkable difference
from all three listed genera is the subangular appearance
of the cross section at the anterior end and especially the
presence of dorsal flattening in the alveolar region. Other
genera of the family Megateuthididae included during the
most recent revision (Dzyuba ef al. 2015) demonstrate
very different rostrum shapes (not compressed or not coni-
cal) and different grooving patterns (e.g. Homaloteuthis

Stolley, 1919, Eocylindroteuthis Riegraf, 1980), making
confusion of any of these genera with Challinoria gen.
nov. impossible. Latest Toarcian “Megateuthidinae n.
sp. A” of Challinor & Hudson (2017), which demonstrate
rostrum shape and lateral lines essentially similar to
Challinoria gen. nov., do not have apical grooves and
thus are likely to belong to Passaloteuthididae rather than
to Megateuthididae.

Assigned species. Type species and an unnamed species
from the Lower Bajocian of Argentina.

Occurrence. Lower Bajocian, Argentina; Middle—Upper
Bathonian, Kachchh, India.

Remarks. The MLP collections contain a large number
of diverse, conical, small-sized megateuthidids originat-
ing from the Neuquen Basin, Argentina. These materials
were discussed extensively by Stevens (1965, pp. 158-
159) and more recently by P. Doyle and co-authors (Doyle
et al. 1996, 1997; Doyle & Pirrie 1999) but were never
figured. Among numerous poorly preserved rostra

Figure 4. Challinoria from the Lower Bajocian of Argentina and comparison between Challinoria gen. nov. and early members of Par-
amegateuthis. A—E, Challinoria sp. 1, MLP 935/593, J. Frenguelli collection, Cerro Lapa, Neuquen, ?Lower Bajocian; A, ventral view;
B, left view; C, dorsal view; D, right view; E, cross section at the posterior end of the fragment. F—K, Challinoria sp. 1, MLP 939/5131,
J. Frenguelli collection, locality Cerro Lapa, Neuquen, ?Lower Bajocian. specimen with subquadrate cross section; F, ventral view; G,
left view; H, dorsal view; L, right view; J, alveolar view; K, cross section at the posterior end. L, M, Paramegateuthis gustomesovi
Stoyanova-Vergilova, 1983, VSGM CHU/20, East Caucasus, Dagestan, Lower Bajocian, Discites Zone, Walkeri Subzone (specimen fig-
ured in Ippolitov er al. 2015, pl. 5, fig. 7); L, cross section ahead of alveolar tip; M, cross section slightly back from alveolar tip; note the
narrowing of the ventral side adorally. N-P, Challinoria challinori sp. nov. from Kachchh, Western India; cross sections ahead of the
alveolar tip; all specimens are from the type locality and the type horizon; N, VSGM JUM/183; O, VSGM JUM/173; P, VSGM JUM/
192; note that the cross section is egg-shaped with ventral side wider than dorsal one.
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collected by J. Frenguelli in 1932 from the ‘Bajocian’ at
the locality Cerro Lapa, multiple specimens were found
that are similar to the Indian material (Fig. 4). According
to Leanza et al. (1997), this hill exposes only the Los
Molles Formation, which in this area is Toarcian—Lower
Bajocian, but the fossiliferous part containing belemnites
falls into the lower half of the Lower Bajocian (Singularis-
Giebeli Zones; see Hillebrandt & Westermann 1985;
Leanza et al. 1997, pp. 27-28).

These rostra were previously mentioned as
‘Dactyloteuthis sp.” by Stevens (1965, p. 158), and as
‘Megateuthis’ or ‘a small species of [Megateuthis]’ by
Doyle et al. (1996, 1997), and can be conventionally
assigned to Belemnites espinazitensis Tornquist, 1898.
However, under this name, Tornquist figured three rostra
with evidently different grooving patterns and possibly
even belonging to different genera. Consequently, the sta-
tus of the name Belemnites espinazitensis is uncertain
until revision and the designation of a lectotype. Like our
specimens from India, some of these Argentinian rostra
are characterized by dwarf size and well-defined lateral
grooves at the alveolar region, but they are 1.5-2 times
larger than Indian Challinoria. The cross section of the
Argentinian rostra is slightly subangular in adults, and can
be flattened at the dorsal side (Fig. 4]) and have the ven-
tral side at the anterior end wider than the dorsal one,
exactly as in Indian Challinoria challinori gen. et sp. nov.
described below. The latter character is not known for the
contemporary members of Paramegateuthis Gustomesov,
1960, from the Aalenian—Lower Bajocian of the European
Tethys (Stoyanova-Vergilova 1983; Ippolitov et al.
2015), and justifies the position of Argentinian material
within Challinoria gen. nov. No alveolar dorsal or ventral
lines, which are characteristic of Challinoria challinori
gen. et sp. nov., were observed.

Challinoria challinori sp. nov.
(Figs 4N-P, 5, 7TA-C)

v 1927 Megateuthis sp. ind.?; Spath, p. 19, pl. 2, fig. 2.

v 1933 Megateuthis sp. ind.?; Spath, p. 665.

v 2017 Megateuthididae gen. et sp. nov.; Ippolitov et al.,
fig. 5C, D.

Holotype. VSGM JUM/167, almost complete rostrum of
a young specimen with missing apical part. Lower part of
the Middle Bathonian, Arkelli Zone (bed A4 of Jain
2014), 1.5 km north of Jumara village, Jumara dome,
Kachchh, Gujarat, India.

Material. A total of 119 specimens. NHMUK C.19661
(figured by Spath 1927, pl. 2, fig. 2), represented by irreg-
ular longitudinal split of unclear orientation embedded in
rock, with heavily recrystallized alveolar cavity, Raimalro
Limestone, Andhou, Patcham Island. NHMUK C.19926,

full rostrum embedded in rock with right side exposed,
Jhura Dome, exact locality and horizon unknown. VSGM
JUM/1-33, 158, 165-201; PDPU B/1-7, 9-45, from the
type locality and type horizon; of these, only four are rela-
tively complete, while the others represented by fragments
usually with missing apical parts; the complete specimens,
except for the holotype, are all embedded in rock. VSGM
JUM/164, from the type locality but found loose at the
base of Sponge Limestone Member (bed A8). VGSM
BAD-01, juvenile specimen from Jhura Dome (Badi sec-
tion), Unit G of the Jhurio Formation.

Diagnosis. Small (rostrum full length, R < 40-50 mm)
subconical to subcylindrical rostrum with markedly
delimited apical part in adults. The cross section is com-
pressed oval to egg shaped with ventral side clearly wider
than dorsal, subangular to angular rounded in adults. In
addition to paired apical dorsolateral grooves, the rostrum
surface often bears two pairs of incised lateral lines, most
pronounced anteriorly, and sometimes a wide and shallow
dorsal one in the alveolar region.

Derivation of name. As for the genus.

Description.

Shape. Small-sized, short rostra, usually conical and
rarely subconical in outline; the profile varies from coni-
cal to subconical and even subcylindrical in the anterior
half. The ventral and dorsal margins are straight in the
alveolar region and normally become convex when
approaching the apex. The lateral margins are straight to
slightly convex in the alveolar part when seen in outline
and slightly convex near the apex when seen in profile. At
the very anterior end of the alveolus, all the margins may
be slightly concave, forming an extension.

The cross section is usually compressed (LL/DV and
LL’/DV’ = 0.81-0.99), egg shaped to rounded high tri-
angular with wider ventral and narrower dorsal sides.
However, certain specimens demonstrate relatively
weak compression, and in some specimens the cross
section is elliptical at least in the alveolar region
(VSGM JUM/177). Compression remains seemingly uni-
form along the whole rostrum. The ventral side becomes
clearly flattened anteriorly in most specimens. The nar-
rower dorsal side also becomes clearly flattened anteri-
orly, but this occurs only in approximately half of the
available specimens. The combination of lateral lines
(see below) with dorsolateral grooves often produces lon-
gitudinal flattening in the upper half of the lateral sides.

The apex is slightly displaced ventrally. The apical part
is well defined, being marked by a bend of the dorsal mar-
gin in profile view, followed slightly posteriorly by a less
clear bend of the ventral side. The holotype also demon-
strates a clear transition from a posterior conical to an
anterior sub-cylindrical part on both lateral margins. The
length of the apical part, observed in a few specimens,
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Figure 5. Challinoria challinori sp. nov. from Kachchh, Western India. All specimens are from the type locality and the type horizon
unless otherwise stated. A—F, VSGM JUM/167, holotype, representing a modification with poorly developed lateral lines; A, alveolar
view; B, apical view; C, ventral view; D, left view, E, dorsal view; F, right view. G-L, VSGM JUM/179, pathological (?) juvenile spec-
imen with irregular ventral line and very rough lateral lines; G, alveolar view; H, cross section at the posterior end; I, ventral view; J,
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roughly matches the length of the postalveolar part,
which, in turn, does not exceed two-fifths of the total
length of the rostrum. The apical angle in outline is
o(I) = 12-17° and in profile it is a(dv) = 17-22°.

Grooves and lateral lines. The rostrum bears paired
adapical dorsolateral (DL) grooves, characteristic of all
Megateuthididae. The grooves are deeply incised in the
apical ( = postalveolar) part of the rostrum and continue
as flattened stripes (or rarely as shallow, wide depres-
sions) to the anterior end of the rostrum. Additionally, the
rostra demonstrate a complex of shallower longitudinal
lateral lines, which are represented by (see also Fig. 3):

1. Mid-lateral lines (L) located just above the mid-
height of the rostrum. They begin at the anterior
end and tend to disappear in the apical part.

2. Lower lateral lines (ventrolateral, VL), located just
below the mid-height of the rostrum and often
having the appearance of typical ‘doppellinien’
(Fig. 5B°, D’, H’). They begin at the anterior end
and disappear in the apical part. In most specimens,
‘doppellinien” morphology is not obvious due to
preservation, and the lateral lines have the appear-
ance of a single line. The lower lateral lines are
located at a distance of two-fifths DV from the ven-
tral side when observed in cross section.

3. Anunpaired dorsal (D) line running throughout the
full preserved length of some specimens from the
anterior end. This line was observed in only 11 of a
total of 119 specimens; the depth and width were
found to vary from strong flattening (Fig. 5U’) to a
single wide and shallow depression (Fig. 5W, O’).
In one specimen (Fig. 5C’), there is a distinct
longitudinal ridge inside this wide depression,
providing the appearance of ‘doppellinien’ in the
dorsal line.

4. An unpaired very wide and shallow ventral (V) line
of varying appearance (Fig. 51, A’, S”); this is pres-
ent only in the very anterior part of the alveolar
region in a few specimens and is often somewhat
asymmetrically placed (Fig. 51, A”).

The surface also reveals fine longitudinal striations near
the apex. The striae are of maximum length at the dorsal
and ventral sides of the rostrum, where they can extend up
to the alveolar part (VSGM JUM/03, JUM/167).

In the alveolar part of the rostrum, dorsolateral
flattenings together with lateral lines often form flattened
surfaces that are separated longitudinally from the lower
lateral lines (= double lines) by a weak ridge (Fig. 5D,
H, T, V°).

All the listed types of lines cannot be observed in a sin-
gle specimen but are usually present in some combination.
Their distribution across the whole set of specimens is
shown in Table 1 and Supplementary Table 1. All types
of lines tend to be better pronounced in less compressed
specimens (Fig. 6), but this rule is not absolute.

Alveolus. The alveolus penetrates up to three-fifths of
the total rostrum length. It has a slightly oval cross sec-
tion, being laterally compressed. The phragmocone angle
measured from photos in outline is B(1l) = 15-29° (mode
19-22°); in profile, it is f(dv) = 16-31° (mode 21-23.5°).
In three longitudinal sections, which provide more accu-
rate results, the profile phragmocone angles are B(dv) =
16.5°, 19° and 20.3°. The alveolus is remarkably asym-
metrical in dorsoventral section, with the protoconch dis-
placed ventrally (Rv/DV” = 0.24-0.50 with a clear mode
at 0.41-0.46); in rare cases, it is displaced dorsally (Rv/
DV” up to 0.56). The margins of the alveolus are perfectly
straight, not curved. The camera length in mature speci-
mens is approximately 0.12-0.17 of the corresponding
phragmocone diameter; the septal lines are straight. The
protoconch is rounded, 0.35-0.36 mm in diameter (mea-
sured in two specimens, VSGM JUM/06 and VSGM
JUM/170).

Proostracum. This was not observed.
Measurements. See Table 2 and Supplementary Table 1.

Ontogeny. Juvenile specimens tend to have rostra that
are more conical in shape than those of adults and that
possess distinctly concave margins near the anterior end,
forming an extension. A longitudinal section obtained

<left view; K, dorsal view; L, right view. M—R, VSGM JUM/03, subapical part showing fine dorsal and ventral striation; M, cross section
at the anterior end; N, cross section at the posterior end; O, ventral view; P, left view; Q, dorsal view; R, right view. S-X, VSGM JUM/
05, specimen with strong dorsal line and low compression; S, alveolar view; T, cross section at the posterior end; U, ventral view; V,
left view; W, dorsal view; X, right view. Y-D’, VSGM JUM/02, specimen with incised ventrolateral doppellinien, indefinite dorsal dop-
pellinien and asymmetrical ventral lines; Y, alveolar view; Z, cross section at the posterior end; A’, ventral view; B’, left view; C’, dor-
sal view; D’, right view. E’-J°, VSGM JUM/170, later polished; E’, alveolar view; F’, cross section at the posterior end; G’, ventral
view; H’, left view; I’, dorsal view; J’, right view. K’-P’, VSGM JUM/171, pathologically distorted specimen with strong dorsal line,
poorly seen ventral line and without definite lateral lines; K’, alveolar view; L’, cross section at the posterior end; M’, ventral view; N’,
left view; O’, dorsal view; P’, right view. Q°-V’, VSGM JUM/10, specimen with subangular cross section and flattenings instead of
lines on each view; Q’, alveolar view; R’, cross section at the posterior end; S°, ventral view; T, left view; U’, dorsal view; V’, right
view. W?, VSGM JUM/158, presumed dorsal side of pathologically curved specimen with micro-drillings and epibionts on the rostrum.
X’, NHMUK C.19961, specimen figured by Spath (1927); longitudinal section presumably from the left side, showing re-crystallized
alveola; Andhou, Patcham Island; Raimalro Limestone (Late Bathonian, Triangularis Zone). Y’, NHMUK C.19926, right side of the
specimen embedded in rock; Jhura Dome, exact locality and horizon unknown (?Unit G of Jhurio Formation).
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Table 1. Frequencies of different types of grooves and lines observed in Challinoria gen. nov. Specimens of poor preservation and those

embedded in rock have been excluded.

Number of cases (and % of total)

Left side (%) Right side ® Dorsal s.  Ventral s.

Morph Position of lines DL" L- VL- DL® LR® VLR D \Y%
Challinoria challinori, total (n = 105) 50 (48%) 45(43%) 53 (50%) 45(43%) 43 (41%) 52(50%) 11(10%) 12 (11%)
morph A (n = 45) 21 (47%) 21 (47%) 24 (53%) 22(49%) 18 (40%) 26(58%) 5 (11%) 3 (7%)
morph B (n = 60) 29 (48%) 24 (40%) 29 (48%) 23 (38%) 25(42%) 26(43%) 6(10%) 9 (15%)

Challinoria sp. (n = 4) 0 1 (25%) 1(25%) 0 1(25%) 1(25%) 0 0

across one full rostrum (Fig. 7A) did not reveal any
other clear ontogenetic changes in rostrum shape; how-
ever, the dorsal margins in young rostra can appear
somewhat straightened (e.g. Fig. 5J, L). In the phrag-
mocone, there is an obvious trend of reduction of the
relative length of the phragmocone camerae (cl/ch),
which gradually reduces from 0.26—0.20 in the earliest
growth stages (camerae no. 1 to 10) to 0.19-0.16 (cam-
erae no. 19 to ~34) and, finally, to 0.14—0.16 (camerae
after the ~35th; see Fig. 7).

18 T T T T T

161 number of furrows (0-8) T
14 S “furrowing index" (0-18)

00 00 © o)
0 A=
0.80 0.82 0.84 0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00
LL/DV’

Figure 6. Interrelationships between total number of grooves
and lines, ‘grooving index’ and compression rate in Challinoria
challinori gen. et sp. nov. Both parameters are calculated from
the data set in Supplementary Table 1. ‘Grooving index’ = sim-
ple sum of ‘+’ for each specimen, showing the total degree of
lateral lines incision and their number. Because the descriptive
characters of lateral lines are subjective, only specimens from
VSGM (measured by API) are considered. The curves show
95% confidence of the prediction for total number of grooves =
—12.2382 + 18.2976™x, and ‘Grooving index’ = —28.361 +
38.272%x.

Remarks. Spath’s (1927, p. 19, pl. 2, fig. 2) tentative
assignment of his only specimen to the genus Megateuthis
was based mainly on its general conical rostrum shape,
which is similar to the juvenile stages of European Bajo-
cian members of the genus Megateuthis Bayle, 1878.
However, the Tethyan Middle Jurassic, particularly
around the Bathonian—Callovian boundary, contains sev-
eral taxa that have very similar conical shapes, leaving
room for alternative interpretations of Spath’s specimen.
Such specimens have been found both in Europe (e.g.
Conodicoelites glojenensis Stoyanova-Vergilova, 1979;
Conobelemnopsis verciacensis (Lissajous in de Grossou-
vre, 1919), see Schlegelmilch 1998, pl. 17, fig. 5) and in
the Indo-Pacific area (Conodicoelites keeuwensis (Boehm,
1912)). Due to its unclear nature, the discussion of Spath’s
find was omitted in all revisions and papers discussing
Middle Jurassic belemnite biogeography (e.g. Stevens
1965; Challinor 1991a, b; Challinor et al. 1992), but was
mentioned in biogeographical schemes by certain authors
(Stevens 1963; Combémorel 1988). Our new finds
unequivocally support Spath’s proposed affinity with the
family Megateuthididae (formerly included in Passaloteu-
thididae, to which he refers it) as the new specimens dem-
onstrate incised paired dorsolateral apical grooves that are
characteristic of Megateuthididae.

Blake’s specimen NHMUK C.19926 from the Late
Bathonian of the Jhura Dome (Fig. 5Y”) differs from most
Middle Bathonian Jumara specimens in its pronounced
conical shape with poorly defined apical part (the total
angle of the conical rostrum is ~10°, a(dv) = 16°),
straight dorsal margin and long, deeply incised dorsolat-
eral groove running along almost the full length of the ros-
trum. Conical shapes of this type occur in younger rostra
(Fig. 5I-L) that are comparable in size to NHMUK
C.19926, while incised and long grooves are found simul-
taneously within the set (Supplementary Table 1). Conse-
quently, despite some stratigraphical isolation and
morphological differences from Blake’s specimen, there
are currently insufficient data to consider it a separate spe-
cies different from the Middle Bathonian specimens. Two
more finds, undoubtedly coming from the Late Bathonian
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Table 2. Measurements and ratios of the selected specimens of Challinoria challinori gen. et sp. nov. Low precision measurements and
coefficients are presented in italics. *, specimen was later polished for phragmocone study; HT, holotype.

R, PA, DV, LL, LL/ size DV, LL’, LL/ Size
No. in coll. mm mm mm mm DV (D, mm) PA/D mm mm DV’ (D’, mm)
VSGM JUM/1 17.06 6.04 5.65 0.94 5.84
VSGM JUM/2 19.55 6.18 537 0.87 5.76 7.12 6.36 0.89 6.73
VSGM JUM/3 10.22 6.03 531 0.88 5.66
VSGM JUM/5 16.1 7.21 6.89 0.96 7.05
VSGM JUM/6* 24.8 5.04 5.79
VSGM JUM/8" 21.06 747 6.4 0.86 6.91 7.92 7.13 0.90 7.51
VSGM JUM/158 18
VSGM JUM/165 18.6 6.54 5.5 0.88 6.13 3.03
VSGM JUM/167 (HT)  21.85 10.1 545 499 0.92 5.21 1.94 6.36 5.72 0.90 6.03
VSGM JUM/170 20.59 6.47 5.86 0.91 6.16 7.84 7.28 0.93 7.55
VSGM JUM/171 20.44 6.53 551 0.84 6.00 7.28 6.84 0.94 7.06
VSGM JUM/179 11.84 442 38 0.86 4.10 5.34 4.61 0.86 4.96
PDPU B/1 22.19 12.9 34 3.5 1.03 345 3.74 4.50 4.42 0.98 4.46

DV’, Ry,

No. in coll. a()®  a(dv)° mm mm Rv,% B )° B (dv)° Morph Figure in present paper
VSGM JUM/1 17 22 19 20 B
VSGM JUM/2 6.2 2.7 43 19 23 A Fig. 5Y-D’
VSGM JUM/3 12 20 Fig. SM-R
VSGM JUM/5 18 19 B Fig. 58X
VSGM JUM/6* 17 5.0 2.5 49 19 Fig. 7A,B
VSGM JUM/8" 7.4 3.5 47 24 30 B Fig. 7C
VSGM JUM/158 16 17 Fig. 5SW’
VSGM JUM/165 6.1 2.7 44 19
VSGM JUM/167 (HT) B Fig. 5A-F
VSGM JUM/170 6.6 2.9 44 21 22 B Fig. SE’-J°
VSGM JUM/171 6.4 2.6 41 21 25 B Fig. 5SK’—P’
VSGM JUM/179 44 1.9 43 20 20 A Fig. 5G-L
PDPU B/1 19 B

Triangularis Zone (NHMUK C.19961, an embedded lon-
gitudinal section, and VSGM BAD-01, a juvenile ros-
trum) do not shed any more light on this comparison.

The pattern of distribution of surface lines in Challino-
ria gen. nov. is remarkable: neither dorsal nor ventral
alveolar lines are known in any other genus of Megateu-
thididae. Lines in comparable positions are known from
the specialized Late Toarcian family Salpingoteuthididae
Doyle, 1992, with its single genus Salpingoteuthis Lissa-
jous, 1915, which is characterized by a long epirostrum
developed over a short conical rostrum. In particular, S.
trisulcata (de Blainville, 1827), S. macra (Quenstedt,
1848) and S. dorsetensis (Oppel, 1857) have dorsal lines
that are differently combined with lateral lines/grooves
(see Schlegelmilch 1998). In our opinion, the marked sim-
ilarity with Challinoria gen. nov. does not necessary indi-
cate a close affinity with Salpingoteuthis but is a common
pattern of two related belemnitine families with conical
juvenile rostra, reflecting some common architecture of

the soft bodies. In addition, in Challinoria gen. nov., the
dorsal and ventral lines are most remarkable in the alveo-
lar region and tend to disappear backwards, whereas in
Salpingoteuthis these lines are best seen on the epiros-
trum, where they begin at the apex and slowly decline
anteriorly.

Occurrence. Lower part of Middle Bathonian (Arkelli
Zone) to Upper Bathonian (Triangularis Zone), except for
type locality, Patcham Island and Jhura Dome.

Challinoria sp. 2

Material. Four fragments: VSGM JUM/34,155, 202,
PDPU B/S.

Remarks. Several fragments from the Middle Bathonian
of Jumara, determined here in open nomenclature, differ
from Challinoria challinori gen. et sp. nov. by the stron-
ger compression rate at the mid-alveolus (LL’/DV’ =
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Figure 7. Phragmocones of Challinoria challinori gen. et sp. nov. from the Middle Bathonian of Jumara and their ontogeny. A, B,
longitudinal section of VSGM JUM/06 from the left side; B shows the protoconch and the initially aragonitic ‘primordial rostrum’
surrounding it. C, longitudinal section through VSGM JUM/08. D, measurement data of camera length (cl) and camera height (ch) in
specimens with studied phragmocones. The index number of camerae, if the sequence does not start at the protoconch, was determined
from its size, compared with the size of the sequence, started immediately from the protoconch or calculated previously. E, ontogenetic
changes of relative cameral length (cl/ch) in Challinoria challinori gen. et sp. nov.
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Figure 8. Variability of principal characters in Challinoria gen. nov. A, size (D’) distribution. B, alveolar tip displacement (Rv/DV”)
distribution. C, phragmocone angle measured in profile B(dv). D, phragmocone angle measured in outline 3(11). E, compression ratio at
the protoconch section (LL/DV). F—J, compression ratios at the mid-alveolus (LL’/DV’); F, full set; G, subset of specimens housed at
VSGM and measured by API; H, subset of specimens housed at PDPU and measured by BGD; I, subset of smaller (D’ = 4-6 mm) ros-
tra; J, subset of larger (D’ > 6 mm) rostra.
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0.76—0.79) and are isolated from the main set on the histo-
grams (Fig. 8). They have compressed oval (never egg-
shaped) cross sections, and three of the four specimens
are characterized by smooth surfaces without lateral lines,
whereas the remaining specimen has only weakly devel-
oped lateral lines. A single juvenile (VSGM JUM/202)
has an extremely narrow, almost sharpened dorsal side.
The fragments are of different sizes; therefore, their pecu-
liarities are not explained by differences in the stage of
ontogeny of the specimens. The listed differences may
indicate that the described specimens belong to different
species within the same genus. However, the available
material is too poorly preserved to firmly support this
conclusion.

Occurrence. Jumara dome, 1.5 km North of Jumara vil-
lage; Middle Bathonian; bed A4 sensu Jain (2014).

Discussion

Intraspecific variation in Challinoria challinori
gen. et sp. nov.

Because all of our specimens, with the exception of
VSGM JUM/164, which may possibly come from the
base of bed A8, seem to derive from the single level A4,
they can be treated as a single palaeopopulation, demon-
strating intraspecific variability at the selected time slice.

The size distribution over the set is lognormal
(Fig. 8A), showing the mode of D’ at 4.9-5.4 mm and a
drastic disappearance of juveniles in the set (only two
specimens have an average diameter of less than 3.9 mm).
The wide and steep right branch of the same histogram
shows that the size of the largest specimens is almost
twice that of the mode of the whole set. This means that
the whole set demonstrates great size diversity and there-
fore that the locality is more likely to be close to the natu-
ral habitat area than to represent burial at a remote
spawning point. The tempestite nature of the bed suggests
that the observed absence of juveniles is a result of the
post-mortem sorting-away of their smaller and lighter ros-
tra. This conclusion is consistent with the presence of par-
tially crushed rostra within the same bed.

The most remarkable character of the whole set is the
distribution of compression rates. Both at the protoconch
cross section (LL/DV; Fig. 8E) and in the mid-alveolus
section (LL’/DV’; Fig. 8F), the set demonstrates bimodal
distribution into two classes. The first class is character-
ized by LL’/DV’ = 0.81-0.89 with mode 0.855-0.887
(morph A; n = 45), and the second has LL’/DV’ = 0.90—
1.00 with mode 0.903-0.935 (morph B; n = 60). This sep-
aration was confirmed on various subsets of Russian and
Indian counterparts of the collection that were measured
separately by API and BGD, respectively (Fig. 8G, H),
as well as by the presence of two different size classes

(D’ = 4-6 mm and D’ > 6 mm; Fig. 81, J). In the D’ >
6 mm size group, both the peaks and the gap separating
them are slightly shifted to the right, indicating a very
slight decrease of the compression rate during ontogeny.
The holotype belongs to morphotype B.

Morphs A and B demonstrate very similar variability in
the expression of the lateral lines and grooves (Table 1).
In comparing these morphs, a slight difference was found
only in the higher frequency of lower lateral lines in
morph A (53-58% versus 43—48% in morph B) and vice
versa for any ventral lines (7% in morph A versus 15% in
morph B).

Considering the comparable numbers of specimens in
the two groups, tentatively such a subdivision can be
explained as possible sexual dimorphism. Dimorphism
has been discussed extensively in the belemnite literature
(see review in Bolton 1982); however, in all cases dimor-
phism was reflected more in the elongation ratio and in
balance differences (Bolton 1982; Doyle 1985; Ippolitov
2006) or size differences (d’Orbigny 1840—-1842; Delattre
1956; Kost’ak & Pavlis 1997; Kost’ak 2004) than in dif-
ferences in compression ratios.

Gondwanian megateuthidid records in the
literature
Except for material from the Lower Bajocian of Argen-
tina, no figured Middle Jurassic megateuthidid records
from Gondwana demonstrate clear similarity with Challi-
noria gen. nov. The ‘genus et species nov.” of Challinor &
Grant-Mackie (1989) from the Lower Bathonian of New
Caledonia and the latest Early Bajocian ‘aff. Brevibelus
sp.” of Challinor & Hikuroa (2007) from the Antarctic
Peninsula are both characterized by subcylindrical, not
conical, relatively blunt rostra without incised dorsolateral
apical grooves, and rounded cross section. These rostra
are consistent with the genus Brevibelus Doyle, 1992, and
the specimens should be placed in this genus, as was pro-
posed by Doyle & Pirrie (1999) for the new Caledonian
example. Bajocian material from the Neuquen Basin of
Argentina studied in the MLP, along with Challinoria,
contain numerous rostra of Brevibelus sp. (referred as
‘Brachybelus sp.” by Stevens 1965) that are very compa-
rable to those described as ‘aff. Brevibelus sp.” from the
Antarctic Peninsula (Challinor & Hikuroa 2007) and
partly represent a closely related or even the same species.
Because of its close palacogeographical proximity to
the Indian finds, particularly interesting is the mention of
‘Belemnites cf. giganteus Schloth.” from Madagascar
(Lemoine 1906), which was neither described nor figured.
Basically, it appears to indicate the presence of Bajocian
species of Megateuthis Bayle, 1878, or at least of some
large-sized species, as can be judged from the general
considerations about belemnite morphotypes in the litera-
ture. However, the accompanying cephalopod association
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(Lemoine, 1906, p. 145) includes the Tithonian ammonite
Hildoglochiceras kobelli (Oppel, 1863) and belemnopseid
belemnites of Late Oxfordian—Kimmeridgian appearance.
Both ages are inconsistent with the known stratigraphical
distribution of large-sized Megateuthis spp., but are com-
parable with the ages of giant (e.g. Hibolites ingens Stol-
ley, 1929) and large (Parabelemnopsis madagascariensis
(Besairie, 1930)) Belemnopseidae known along the south-
ern Tethyan margin. Remarkably, only a few subsequent
authors have mentioned megateuthidids from Madagas-
car. Bulow-Trummer (1920) cited Lemoine’s record and
mentioned ‘M. quinquesulcata’, but the latter seemingly
did not refer to any known specimens. G. R. Stevens
placed ‘Passaloteuthinae’ or ‘Belemnitidae’ from Mada-
gascar on his Bajocian palacogeographical maps (Stevens
1963, text-fig. 2; 1973, fig. 2A), also scarcely mentioning
them in his revision (Stevens 1965, p. 169), but does not
refer to any primary data. Sachs & Nalnjaeva (1975) both
cited Lemoine and placed his record on their palacogeo-
graphical map. Combémorel (1988), who performed a
comprehensive revision of Madagascar belemnite faunas,
stated that he found ‘no traces’ of records provided by Ste-
vens (1963), and no megateuthidids were described in his
own work. All of this indicates that megateuthidid records
from Madagascar should be regarded critically and con-
sidered doubtful.

In turn, records of ‘Belemnites giganteus Schloth.” from
Algeria (Coquand 1862, 1880) probably belong to genu-
ine Megateuthis. This interpretation is supported by the
latest Early Bajocian age, deriving from co-occurring
ammonites listed by Coquand (1862) from the same local-
ity: Ammonites humphriesianus Sow. [= Stephanoceras
humphreisianum (Sowerby, 1825)], A. brongniarti
Sowerby [= Sphaeroceras brongniarti (Sowerby, 1817)]
and A. cycloides d’Orb. [= Poecilomorphus cycloides
(d’Orbigny, 1845)]. The genus Megateuthis is widely dis-
tributed in the Bajocian of Europe, being considered a typ-
ical element of ‘subboreal’ (Mariotti et al. 2007; Weis
et al. 2012) or ‘euroboreal’ (Weis et al. 2017) assemb-
lages and localized mainly in the northern parts of the
European Tethys. From the point of view of palacogeog-
raphy, Algerian records are close to European Bajocian
records, providing some extension of the habitation area
to the southern Tethyan margin.

Megateuthidid distribution patterns over
Gondwana

Until the beginning of Bajocian time, megateuthidids
were widely distributed mainly in the European region
and were also common along the west coast of South
America (see Fig. 9). Two large clades within the family,
clearly separated phylogenetically and each having
ancient Toarcian roots, can be delineated at this time, a
Brevibelus group and a highly diverse Megateuthis group.

Members of the former group invaded the Southern Hemi-
sphere during the Toarcian—Aalenian, as indicated by
Aalenian—-Lower Bajocian finds from Argentina (Doyle
et al. 1996) and Lower Temaikan (=Latest Toarcian; see
Challinor & Hudson 2017) records from New Zealand.

Due to the lack of Toarcian—Aalenian records along
the southern Tethyan margin (northern Gondwana) and
the poorly defined correlations of regional New Zea-
land stages with international stages (see Hudson
2003), it is not clear whether the initial penetration of
Brevibelus into South Pacific provinces employed only
one of the circum-Gondwanan routes (through the His-
panic corridor via Argentina, or along the southern
Tethyan margin and around Antarctica) or both of
them. In any case, younger finds from the Lower/Mid-
dle Bathonian boundary strata in Antarctica (Challinor
& Hikuroa 2007) and in the Bathonian of New Caledo-
nia (Challinor & Grant-Mackie 1989) presuppose a
long-term existence of this lineage in the South Pacific
province (Challinor & Hikuroa 2007). Similarly, both
Brevibelus (see Riegraf 1980) and ‘Dactyloteuthis’
(Ippolitov 2017) survived until the end of the Bajocian
in Europe. The youngest possible member of this
group is the peculiar Lower Cretaceous genus Patago-
nibelus Aguirre-Urreta & Doyle, 1989, but the nature
of the latter is as yet poorly understood.

Members of the second group (Megateuthis group) dur-
ing the Middle Jurassic are represented by two subgroups:
the Homaloteuthis-Eocylindroteuthis subgroup, which is
restricted to the Aalenian—Lower Bajocian of the northern
part of the European basins (see Weis & Mariotti 2008),
and the Megateuthis-Paramegateuthis subgroup, which
also includes Challinoria gen. nov.

A remarkable event is the appearance of the genus Par-
amegateuthis, first recorded from the Aalenian and Bajo-
cian of Bulgaria (Stoyanova-Vergilova 1983) and later
found in the Caucasus (Ippolitov et al. 2015). This genus
possibly includes at least one Toarcian species, Mesoteu-
this ernsti Schlegelmilch, 1998, that has elongated dorso-
lateral grooves and a conical shape typical of
Paramegateuthis. As Paramegateuthis was originally
described and widely recognized as a typical component
of Boreal-Arctic assemblages (Gustomesov 1960; Naln-
jaeva 1974; Sachs & Nalnjaeva 1975; Doyle & Kelly
1988), the application of the name ‘Paramegateuthis’ to
warm-water Tethyan forms has been considered ambigu-
ous (Doyle & Kelly 1988, p. 42; Ippolitov et al. 2015). As
a result, small megateuthidids from the Argentinian Aale-
nian—Bajocian assemblage, despite being principally com-
patible with Paramegateuthis, were determined by Doyle
(Doyle et al. 1996, 1997; Doyle & Pirrie 1999) as
‘Megateuthis’. However, the recent discovery of P. sub-
ishmensis ~ Stoyanova-Vergilova, 1983, originally
described from Bulgaria, in coeval deposits of Northern
Siberia (de Lagausie & Dzyuba, 2017) indicates the
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Figure 9. Megateuthididae dispersal patterns during the Aalenian—Bathonian. The palacogeographical map is after the data of Blakey
(2010) for 170 Ma (Middle Jurassic), with changes by the authors. Numerous megateuthidid genera declining in the Northern Hemi-
sphere during the Early-Middle Aalenian (see Dzyuba & Weis 2015; Weis ef al. 2017) are not shown, for the purpose of simplification.

Compiled from numerous sources mentioned in the text and our own data.

authentic nature of Tethyan Paramegateuthis records
and the secondary nature of its wide distribution in the
Bajocian—Bathonian of the Boreal-Arctic province.
Tethyan Paramegateuthis is very attractive as a poten-
tial direct ancestor of our newly described genus,
mainly because of its size, its conical shape and its
prominent lateral compression. Early representatives of
Paramegateuthis in Europe are coeval with the appear-
ance of the diverse ‘Brevibelus-Dicoelites fauna’ in
Argentina (Doyle et al. 1996), which include Challino-
ria gen. nov. as well, and probably the genera may be
considered sister taxa.

Members of the Megateuthis group disappear from the
European Tethys at the end of the Bajocian, and only the
genus Paramegateuthis persists up to the Early—?Middle
Bathonian in the Boreal-Arctic province, disappearing

almost synchronously with the Indian occurrences. Addi-
tionally, some forms related to it were described as Nan-
nobelus (Barskov in Mitta et al. 2004; =Barskovisella
Ippolitov, 2018) from the mixed Tethyan-Arctic assem-
blage of the Early Bathonian age of Central Russia. The
last occurrence of this group in the Northern Hemisphere
known so far is an offshoot of the Paramegateuthis line-
age, described from the Upper Kimmeridgian of Central
Russia (Ippolitov ef al. 2017).

The most peculiar detail about Indian Challinoria chal-
linori gen. et sp. nov. is that in neighbouring regions of
Gondwana (Indonesia) such rostra are not recorded from
either Bajocian or Bathonian strata (see Combémorel
1988; Challinor 1991a, b), whereas in the Middle Batho-
nian of Kachchh this type of rostrum shows mass occur-
rence. This poses the question of what dispersal area or
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migrational pathway connects the Indian and Argentinian
finds, and particularly of where the habitation area of
Challinoria gen. nov. was located during the Late Bajo-
cian—Early Bathonian.

A southern circum-Gondwanan route (via New Zealand
and East Australia) is not supported by megateuthidid
records of convenient age and morphology and thus
appears unlikely. In several regions, lying along this path-
way and more or less fully studied in belemnites (New
Zealand, Indonesia; see reviews by Stevens (1965) and
Challinor (1991)), no megateuthidids of conical appear-
ance are registered from the Bajocian—Bathonian interval,
whereas Brevibelus was found.

A northern circum-Gondwanan route (via the Mediter-
ranean region, along the northern Gondawana margin)
appears more attractive. In addition to the cosmopolitan
genus Brevibelus, Late Bajocian belemnite faunas of
Europe include large-sized and highly specialized mem-
bers of the genus Megateuthis and poorly understood
records of small conical belemnites around the Bajocian—
Bathonian boundary (‘Belemnites Escheri’ sensu Gil-
liéron, 1873 non Mayer, 1863). The latter are essentially
close to Challinoria gen. nov. in size, general shape and
subquadrate cross section. However, they completely lack
apical grooves and possibly are related not to Brevibelus,
as was recently proposed by Riegraf (1995) and Riegraf
et al. (1998), but to peculiar megateuthidids from Central
Russia that were formerly described as ‘Nannobelus’ spp.
by 1. S. Barskov (Mitta et al. 2004), reinterpreted as devi-
ant Paramegateuthis by O. S. Dzyuba (Mitta et al. 2014)
and now placed into a separate genus Barskovisella
Ippolitov, 2018. The best-studied Bathonian belemnite
assemblages from Poland (Pugaczewska 1961), Bulgaria
(Stoyanova-Vergilova 1979, 1993) and Crimea (API,
unpublished data) do not contain forms comparable to
Challinoria gen. nov.

The third option, which best explains both the scat-
tered geographical distribution of Challinoria gen.
nov. and the absence of similar records both in Medi-
terranean region and Indonesia, is the long-term cryp-
tic existence of the genus in the South American area
combined with a short-duration migration event
through the trans-Gondwanan seaway (also known in
the literature as the ‘Mozambique channel’, the
‘Gondic corridor’ or the ‘trans-Erythracan seaway’)
connecting India and the Antarctic area.

Did the trans-Gondwanan seaway open in the
Bathonian?

The available data on the timing of the opening of this
marine passage is contradictory. The tectonic framework
indicates that the rift splitting of Gondwana into western
(Africa and South America) and eastern (Antarctica, Aus-
tralia, India) parts occurred continuously through the

Middle—Late Jurassic. The initial phase began during the
late Early Jurassic, and the most ancient oceanic crust in
the northern part of the passage is dated by geomagnetic
chron M41n (Leinweber & Jokat 2012), equivalent to the
Early Bathonian (Ogg et al. 2016). However, in the south-
ern part of the passage, it is only M25n, which is Early
Kimmeridgian (Leinweber & Jokat 2012). Of course,
plate reconstructions are not the same as palaeogeographi-
cal reconstructions, and the absence of oceanic crust does
not necessarily exclude the existence of a marine connec-
tion suitable for biota migrations. Such a corridor is repre-
sented in certain reconstructions of Bajocian—Bathonian
time (Scotese 2016) but is absent in others (Scotese &
Golonka 1992; Blakey 2010).

Based on marine biota studies, a marine trans-Gond-
wanan passage is usually considered to open not earlier
than the Oxfordian (Enay & Cariou 1997; Damborenea
et al. 2013) or even later (Riccardi 1991; Krishna 2017).
Bathonian ammonite assemblages of South America and
Western India contain no common elements at the genus
level (compare Riccardi 2008 and Jain 2014). An alterna-
tive scenario of the earlier opening of a trans-Gondwanan
seaway based on bivalve dispersal studies (Gardner &
Campbell 2002; Hikuroa 2004) has been offered,
employing early episodes of opening of a marine passage
that were connected with major eustatic sea-level rise
events in the Late Bajocian and Callovian, while outside
such periods the marine passage reverted to swampy
lowland.

Earlier investigations of belemnite biogeography touch-
ing the history of the trans-Gondwanan seaway (Mutter-
lose 1986; Doyle & Howlett 1989) were based on Late
Jurassic material only and did not discuss Middle Jurassic
palacogeography. Based on relatively scarce belemnite
materials obtained from the Antarctic region, Challinor &
Hikuroa (2007) documented the presence of the belemnite
family Duvaliidae starting from the latest Bathonian and,
based on the absence of this family in Argentina and its
presence in Madagascar, supported the early opening
hypothesis. However, their most ancient duvaliid (Rhopa-
loteuthis sp.) has no clear counterparts in Madagascar,
and other members of the family are of Late Jurassic age.

To add to the above, recent restudy of a comparable,
longitudinal and short-lived marine passage on the East
European platform that connected Northern Tethys with
the Arctic ocean during the Early Bathonian, and has been
well documented based on the immigration of various
taxonomic groups (Mitta et al. 2004, 2014), has shown
that immigration of small megateuthidid belemnites
(Barskovisella) precedes the immigration of ammonites,
large-sized cylindroteuthidid belemnites and inoceramids
(Ippolitov 2018). This means that these small megateuthi-
dids may have been adapted to extremely shallow condi-
tions and low salinity, which enabled them to migrate
through marginal environments that served as a barrier to
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other cephalopods. A similar explanation can be applied
to Challinoria gen. nov. Remarkably, the transgression
maximum within the Bajocian—Bathonian interval on the
tectonically stable East European platform is currently
established not in the Late Bajocian, as was offered in
the classic work of Sahagyan ef al. (1996), but in the
late Early Bathonian (Mitta et al. 2014), which is close
to the sudden appearance of Challinoria challinori gen.
et sp. nov. at the base of the Middle Bathonian in West-
ern India.

Considering the above, the dispersal pattern of Challi-
noria gen. nov. currently supports the early opening of the
trans-Gondwanan passage, at least until new finds from
the Gondwanan periphery support a different option. Both
alternative circum-Gondwanan routes discussed above
remain possible, especially if we consider the imperfect
state of knowledge of Bajocian—Bathonian belemnite
assemblages along the southern Tethyan margin. This
would automatically imply a wide circum-Gondwanan
distribution for our newly described taxon during
Bajocian—Bathonian time.

Conclusions

Abundant material consisting of 120 specimens collected
by the authors from the Middle-Upper Bathonian of
Kachchh (Gujarat, India) is the first confident record of
Megateuthis-related belemnites over the entire Indo-
Pacific region. Most specimens were assigned to Challi-
noria challinori gen. et sp. nov., and several rostra to
Challinoria sp. In addition, two historical specimens from
Kachchh available at the NHMUK and belonging to the
same genus were restudied. Our study indicates the pres-
ence of a megateuthidid habitat area in the Southern
Hemisphere across the Bajocian—Bathonian time and its
continuous presence across the Middle—Late Bathonian in
Western India.

The explanation of the observed bipolar distribution
pattern of megateuthidids during the Bathonian is proba-
bly a general evolutionary trend towards the replacement
of this family by more advanced forms (Belemnopseina in
the Tethyan region and Gondwana margins, and Cylindro-
teuthididae in the high latitudes of the Northern Hemi-
sphere). This process began in the Tethyan region during
the Early Bajocian (Weis et al. 2017), and in the Batho-
nian megateuthidids were already superseded in the sube-
quatorial zone, which at this time was inhabited by
quickly evolving Belemnopseidae and Dicoelitidae. All
the lineages that crossed the Bajocian/Bathonian bound-
ary (Brevibelus, Paramegateuthis and Challinoria gen.
nov.) were characterized by medium to small size, while
gigantic Megateuthis died out at this time. The survival of
smaller forms can probably be explained by their shorter
life cycles, which over the long term allowed a more rapid

response to environmental pressures and to competition
by other taxa.

The synchronous replacement of archaic Megateuthidi-
dae at the end-Bathonian could be explained by the begin-
ning of global sea-level rise, which led to the formation of
large epicontinental seas, triggering quick evolution and
diversification of the competitive families.
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