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Figure 1. Scatter plot for fruit weight (g) and B. dorsalis oviposition
punctures (#) in three mango varieties.

Theoreticaly, for a female fruit fly with multiple ovi-
positions on a single fruit, it is biologically advantageous
to oviposit in a fruit with more pulp as more eggs can be
laid for a unit of food resource (pulp) available to the
maggots, spending lesser amount of time and energy. But
this assumption was not true.

The objective of this study was to see whether fruit
exploitation for oviposition varied with quantum (weight
of fruit pulp). The results of the study indicate that in all
the three varieties, oviposition by fruit flies was not
influenced by the quantum (= weight) of the fruit pulp of
mango. This does not exclude the role of other visual or
olfactory cues. The plausible issue for a gravid poly-
phagous female seemed to be selecting a suitable host
tree (mango) first and then to randomly oviposit within a
host on an unlimited resource — fruits in this case, which
on an average is 200—1000/mango tree, depending on the
age of the orchard. So, we infer that fruit flies have a
random selection of mango fruits for oviposition irrespec-
tive of fruit weight, either due to the incapability of dis-
criminating a higher volume of visual or olfactory cues,
expected in heavier fruits, or the fact that two ‘small’
fruits are as good as one ‘big’ fruit in a resource-unlimited
situation, as in a typical mango orchard. So, for B. dor-
salis to adapt a non-random ovipositional strategy once a
host is selected does not confer any additional advantage.
Thus, every fruit on a tree has equal probability of being
selected by the fruit fly for oviposition. This was true for
all three varieties chosen for the study and commercially
speaking, every fruit is equally vulnerable to attack by
fruit flies.
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This communication reports the first discovery of a
well-preserved tusk in the Siwaliks, which is assigned
to species cf. Anancus sivalensis. The tusk, with a
length of 271.8cm (8ft 11 in), was excavated from
Late Pliocene sediments of Tatrot village (northern
Pakistan), which are part of the Tatrot Formation of
the Upper Siwaliks and range in age from 3.4 to
2.6 Ma. Such along tusk is hitherto unknown from the
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Siwalik sediments, and also is the longest tusk found
to datein South Asia.

Keywords: Anancus sivalensis, Proboscidean fossil,
Tatrot Formation, tusk.

THE mid-Pliocene Tatrot Formation in northern Pakistan
has produced substantial proboscideans with other taxa
(Table 1). Other areas of Pakistan have also yielded pro-
boscidean fossils, including Azad Kashmir, Murree Hills,
Kohat, the hilly areas of the Dehra Ghazi Khan division,
Bugti Hills in Baluchistan, Muslim Bagh in the southern
part of the Bolan, and the district Dadu of Sind®. In addi-
tion, a piece of tusk has also been recovered from the
Karimabad in Hunza Valley (Gilgit), northern Pakistan®.

The earliest record of proboscidean fossils in the
Siwaliks goes back to the 17th century. Nevertheless, true
scientific study on proboscidean fossils started later,
around the middle of the 19th century®®. A number of
European and American researchers have described pro-
boscidean fossils from Pakistan. Of these, it is worth
mentioning the works of Falconer®>?3,

In 2004, a team of palaeontologists from Punjab Uni-
versity, Lahore, on a routine winter excavation field trip
from Tatrot village to Kakrala village (Figure 1), came
across a partially exposed tusk buried horizontally in
brown-grey siltstone. The tusk (PUPC 04/15) is now
housed in the Abu Bakr Fossil Display and Research
Centre of the Zoology Department, Punjab University,
Lahore, Pakistan.

The aim of this communication is to describe and iden-
tify this tusk, the longest recovered to date from the
Siwaliks of Pakistan. It is also one of the best-preserved
elephantoid specimens in Pakistan and should conse-
quently be described in detail.

Tatrot village lies in the Tatrot Formation of the Upper
Siwaliks and is situated at about 70 km west of Jhelum
city in the Potwar Plateau of northern Pakistan (Figure 1).
The type locality is along the road from Gali Jagir to
Sihal, north of the Soan river (32°22'N, 72°47’E), District
Chakwal, the Punjab Province, Pakistan. The average
thickness of the sediments of the Formation in the type
locality is 300 m. The Tatrot Formation is composed of
pale pinkish-orange-brown, clays, brown-grey siltstone
and shale, greenish-grey, fine to medium-grained sand-
stone, and interbedded dark grey conglomerates™.

As the Upper Siwalik sediments of the Indian sub-
continent span from the Late Pliocene to the Middle
Pleistocene, ca. 3.3-0.6 Ma (Figure 1), they are consid-
ered as one of the longest fluvial sequences of their agein
the world®?°. Medlicott® was the first to refer to this
rock sequence as ‘Upper Siwaliks', while Pilgrim® used
the name ‘Tatrot and Pinjor Stage/Zone' for this Forma-
tion. Finally, Kravtchenko? used the term ‘Soan Forma-
tion’ (Figure 1), which was later officially formalized by
the Stratigraphic Committee of Pakistan®®. Hussain et
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al.?® suggested that the Tatrot Formation might be older
than previously thought and could be in the lower part of
the Gauss magnetic zone, between 3.2 and 3.4 My. Barry
et al.’® suggested an age for the Tatrot Formation
between 3.5 and 3.3 My. More recently, biostratigraphi-
caly, Dennell et al.* and Nanda®™ placed the upper
boundary of the Tatrot Formation between 2.4 and 2.6 My.
Thus, the Tatrot Formation roughly corresponds to the
latest Pliocene (Figure 1).

The order Proboscidea originated in Africa, but spread
all over the world during the Neogene and represented a
diverse group of mammals, especially in Europe®. Pro-
boscideans are known in Europe since the Early Miocene;
their invasion from Africa and subsequent expansion in
Europe and Asia during the Early Miocene is called the
‘Proboscidean Datum Event’****. In the course of the
‘Proboscidean Datum Event’, which actually contains
multiple immigration events of proboscideans from
Africato Asia and Europe®®, primitive gomphotheres and
mammutids immigrated during the Early Miocene into
Asia Minor and southern Asia. First records are docu-
mented in Pakistan, Kazakhstan, China and Japan® in
sediments stratified as or slightly younger than MN4.

The Late Pliocene interval represented at Tatrot by
deposits of the Tatrot Formation was a time of dynamic
transformation of the Siwalik ecosystem® and for the
Siwalik proboscideans'. Prior to this, a predominance of
trilophodont forms, viz. Protonancus chinjiensis, Zygolo-
phodon metachinjiensis and Gomphotherium browni in
the Chinji Formation, and a predominance of choerolo-
phodont and tetralophodont forms, viz. Choerolophodon
corrugatus, Paratetralophodon hasnotensis and Stegolo-
phodon cautley in the Dhok Pathan Formation went into
precipitous decline, leaving anancine gomphotheres as
remnants of a once highly speciose Miocene radiation™*’.

A gomphothere Anancus was widespread during the
Pliocene and persisted until the Early Pleistocene®. In
Eurasia, the genus was represented by three species:
Anancus arvernensis, A. alexeevae and A. kazachstanen-
sis®™® 38 A arvernensis, known from the Late Miocene—
Pliocene of Europe, was large, and had a short and high
skull with almost straight tusks about 2-3 m in length. A.
arvernensis had the longest tusks which reached about
3m in length in adult animals®. A. alexeevae was more
advanced than A. arvernensis and better adapted for the
increasing aridity. The species differs from A. arvernen-
sis in being smaller sized®. A. kazachstanensis (= A. ka-
zachstanicus) was known from Kazakhstan and differs
from A. arvernensis in a weak development of accessory
elements on molars and the lack of cement in the depres-
sions®. Anancus sinensis is found in the Pliocene of
China®.

From African deposits, three species of Anancus have
been recognized according to the molar morphology dur-
ing Mio—Pliocene: A. kenyensis from East and Central
Africa; A. petrocchii from North and Central Africa™
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Table 1. Various species of the Tatrot Formation in the Indo-Pakistan region*2*6%-6% (M. Akhtar,
unpublished)

Proboscidea

Stegodon bombifrons (Falconer & Cautley), 1847

S. insignis (Falconer & Cautley), 1846

Par atetralophodon hasnotensis (Lydekker), 1884
Tetralophodon falconeri Osborn, 1936

Anancus sivalensis (Cautley), 1836

Elephas planifrons Falconer & Cautley, 1845

E. hysudricus Falconer & Cautley, 1846

Stegodon sp.

Artiodactyla
C. punjabiensis Brown, 1926
C. triplidens Lydekker, 1876

Cervus sivalensis Lydekker, 1880

Rucervus simplicidens (Lydekker), 1876
Kobus porrecticornis (Lydekker), 1878
Hydaspicobus auritus Pilgrim, 1939
Antilope cervicapra Linnaeus, 1758

A. subtorta Pilgrim, 1937

Proamphibos lachrymans Pilgrim, 1939

P. kashmiricus Pilgrim, 1939

Bison sivalensis Lydekker, 1878

Selenoportax vexillarius Pilgrim, 1937
Tetraconodon magnus Falconer, 1868
Hippohyus sivalensis Falconer & Cautley, 1840

Sus hysudricus Martin, 1890

S. giganteus Falconer & Cautley, 1847

Propotamochoerus sp.

Hexaprotodon sivalensis (Falconer & Cautley), 1880
Camelus sivalensis Falconer & Cautley, 1836

Perissodactyla

Equus sivalensis Falconer & Cautley, 1849

Rhinoceros sivalensis Falconer & Cautley, 1847
R. palaeindicus Falconer & Cautley, 1847

Primates

Rodentia Hystrix sp.

Ramapithecus brevirostris Lewis, 1934

(H. T. Mackaye, unpublished) and A. osiris from North
Africa®. These species are mostly differentiated by the
number of cone pairs on intermediate molars and the
complexity of the third molar (H. T. Mackaye, unpub-
lished).

In the Upper Siwalik deposits of the Indian subconti-
nent, two species of Anancus have been recognized based
on the molar morphology: A. perimensis from the Indian
Siwaliks, Peram Island® and A. sivalensis from the Paki-
stani Siwaliks, Tatrot’. A. sivalensis in Pliocene of the
Siwaliks is relatively rare compared to one abundant ele-
phant remains. The problem of poor material is present in
the case of comparison with the endemic/Eurasian pro-
boscidean faunas. A. sivalensis is the last representative
of the Siwalik mastodonts in the Pliocene faunas of
Tatrot and it is a typical advanced Late Pliocene Siwalik
species'. A. sivalensis continued to evolve during the
Pliocene until its disappearance from the region at the
close of the Pliocene or probably early Pleistocene'.

SYSTEMATICS
Order PROBOSCIDEA llliger, 1811
Suborder ELEPHANTIFORMES Tassy, 1988

CURRENT SCIENCE, VOL. 100, NO. 2, 25 JANUARY 2011

Superfamily ELEPHANTOIDEA Gray, 1821
Family GOMPHOTHERIIDAE Hay, 1922
Subfamily ANANCINAE Hay, 1922

Genus Anancus Aymard, 1855

Type species: Anancus arvernensis (Croizet and Jobert,
1828).
cf. Anancus sivalensis (Cautley), 1836

Synonymy

Mastodon sivalensis ref. Falconer, 1868
Pentalophodon sivalensis (Cautley) Osborn, 1936
Pentalophodon falconeri Osborn, 1936

Anancus sivalensis (Cautley) Chakravarti, 1957

Type specimen: BMNH 2877 (figured by Falconer and
Cautley, 1846, pls. xxxii and xxxiii, Figures 1 and 2).
Material: PUPC 2004/15, right tusk (Figure 2).
Locality: The referred specimen comes from the sedi-
ments of Tatrot village in the Upper Siwaliks (Tatrot
Formation) of Pakistan (Figure 1).
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Figure 1.

Figure 2. PUPC 2004/15 tusk: a, Complete tusk; b, Posterior view; c,
Cross-section in original condition (marked from where the cross-
section is taken); d, Cross-section and e, Reconstructed part. Scale
bar = 10 cm.

Diagnosis. Incisive tusks are very long, almost straight
and slender, and distinguish Anancus from other probos-
cideans. The radius of curvature of the Schreger lines is
constant and the angle is acute. There are no lower tusks,
and the symphyseal region is brevirostrine. Crown height
of tetralophodont intermediate molar (M2) progressively
increases from anterior to posterior. Enamel in deciduous
teeth is grooved, ptychoid or plicated externally. True
molar cusps are simple and smooth, with anteroposterior
compression. Cusps are straight but forwardly inclined
and alternating progressively. Posterior central pretrite
conule reduced on upper molars. Reduction of the ante-
rior central pretrite conule on the lower molars and fusion
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Map of the Potwar Plateau encircling the study area and a generalized stratigraphic section of the major Siwalik formations.

with the mesoconel et. Alternation of the pretrite and post-
trite half-loph(id)s (anancoidy), which allows the esta-
blishment of an alternative contact of successive
loph(id)s***°.

The tusk is very long, aimost straight and slender,
lightly curved upward distally. It is one of the best pre-
served tusks of the Siwaliks. The tusk is broken at the tip
of the anterior end, which has been reconstructed with
cementing material. The exact missing part of the tusk is
not known, but by observing its anterior conical end it is
possible that more than 11 cm might have been lost
(Figure 2). There are at least 37 first-order increments in
the tusk, implying that the minimum age of the animal
was at least 37 years at death.

The length of the tusk is 271.8 cm and its diameter
ranges from 4.3 cm distally to 17.2 cm proximally. The
maximum circumference of the tusk is 54.1 cm and the
minimum circumference is 13.51cm. The maximum
width of the tusk is 16.55 cm, at about 219.45 cm from its
tip. A transverse section of the tusk with a diameter of
9.7 cm has been cut to observe the Schreger lines. The
transverse section is approximately circular. It has been
observed that the bending radius of the Schreger lines
seems constant and acute displaying ‘C’ and ‘X' patterns
(Figure 2d).

The large size of the studied tusk associates it with
large-tusked proboscideans (Elephas, Loxodonta, Anancus,
Mammuthus, Stegotetrabelodon) in distinction to small-
tusked proboscideans (Deinotherium, Platybelodon,
Ambelodon, Serbelodon)*"*®. Gomphotherium tusks are
different from the studied form in being flattened with

CURRENT SCIENCE, VOL. 100, NO. 2, 25 JANUARY 2011



RESEARCH COMMUNICATIONS

continuous bands of enamel along the lateral surfaces™®“.

Stegotetrabelodon tusks are also different in their flat
section®, while the tusks are large, more massive and
curved in mammoth showing a double curvature generally
more accentuated than in Elephas and Loxodonta®. Never-
theless, Loxodonta and Elephas tusks differ from the
studied tusk in having moderate bend and torsion®.
The studied tusk shows similar morphological characters
with that of Anancus, in which the tusks are straight and
elongated®* 4344,

Comparison with Schreger lines also indicates differ-
ences in various proboscidean forms. The morphology of
these lines differs among proboscidean taxa, offering a
useful discriminating character. Schreger lines are visible
in tusk cross-sections as intersecting spiral lines (Figure
2c¢ and d). The angles formed by the intersecting lines
near the periphery of the cross-section are most often
used for identification®®*®, Loxodonta and Elephas are
distinguished by possessing larger Schreger angles.
Unlike the studied form, mammoths have ‘V' pattern of
Schreger lines, whereas Elephas lack the V' pattern but
the angle values are as high as 120°. In Elephas these an-
gles are well obtuse; in Mammut they reach the maximum
value of more than 100° about halfway between the pulp
cavity and the dentinel cement junction; in Anancus the
angles are acute®®® (Figure 2d). The‘C’ and ‘X’ patterns
of Schreger lines (Figure 2d) of the studied tusk are
clearly different from those of the ‘Loxodonta—Elephas’
group and similar to the pattern observed in the ‘Masto-
dons' group*®*3. The acute angles formed by the Schreger
lines near the dentinel cement junction in the studied tusk
suggest an attribution to Anancus. Nevertheless, consider-
ing the above morphological data, the proboscidean tusk
from Tatrot certainly represents Anancus.

The Late Pliocene deposits of Tatrot represent only a
single species of Anancus, A. sivalensis’. The large size,
circular cross-section and acute Schreger lines with con-
stant bending radius of the described specimen indicate
that it probably can be assigned to A. sivalensis™**%34®,
Tusks of A. sivalensis have not been recorded previously;
so no further comparison with the studied form is possi-
ble. Lack of numerous specimens and some diagnostic
features hamper closer identification than cf. A. sivalen-
sis. The large diameter of the tusk also indicates that it
probably belongs to a large male individual which ranged
the mid-to-late Pliocene territories of the Siwaliks™*.

A number of specimens from the late Pliocene of the
Siwaliks have been referred to as Anancus. Originally,
A. sivalensis was named Pentalophodon sivalensis® and
later was placed in the genus Anancus by Chakravarti®?.
The determination of A. sivalensis was based upon a
fragmentary right lower third molar formerly designated
by Cautley* as Mastodon sivalensis. Later, Sarwar’
described a small tooth fragment (PUPC 67/290, formerly
as UZ 67/290, fig. 45) of A. sivalensis from Kakrala
(Tatrot Formation).

CURRENT SCIENCE, VOL. 100, NO. 2, 25 JANUARY 2011

The genus Anancus arose in the late Miocene and was
present all around Europe, including England®. It was
also present throughout Africa™>**®, but remained low in
numbers. In Asia, it was abundant in Pakistan™*,
China'®® and Japan®’. By the late Pliocene, the archaic
forms had disappeared and the crown genus had under-
gone episodes of evolutionary change, evidenced by par-
allel acquisition of enhanced cranio-dental specializations
for grazing®®. The middle/late Pliocene transition is corre-
lated with global cooling and a considerable increase in
aridity (marked by the most ancient loess formations in
Pakistan Tadjikistan, Uzbekistan, etc.). Along with other
environmental changes, these events led to a wide occur-
rence of inhabitants (elephants, horses, rhinoceroses,
ruminants) of open woodlands and grasslands in the
temperate latitudes of Eurasia’.

A. sivalensis was coincident or nearly contemporane-
ous with the first appearance of the crown elephant genus
Elephas'. During the late Pliocene, A. sivalensis coex-
isted with elephants in the Indo-Siwaliks. Other taxa, in-
cluding rhinos, hypsodont equids, reduncines, antilopes
and bovines® (M. Akhtar, unpublished), are suggestive of
more open conditions at Tatrot during the time of deposi-
tion of the Tatrot Formation. Reduncines and Antilope
inhabit savanna, woodland and grassland®. The abun-
dance of antelopines indicates a mixture of woodland and
grassland biomes. The presence of deer usualy points
towards a forested environment (Table 1). This observa-
tion suggests a more open habitat in Tatrot, and probably
indicates a mixed or woodland environment for the Tatrot
Formation of the Upper Siwaliks during the Plio—
Pleistocene.
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