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ABSTRACT

Background. Mesowear is a broadly used tooth wear method that is indicative of herbivore
diet. This study evaluates the paleodiet of Middle Miocene artiodactyls from the
subtropical Siwaliks of South Asia.

Methodology. New specimens of artiodactyls were recovered from the Kanhatti outcrops,
Khushab, Pakistan. These specimens were tested by recording the sharpness and height of
tooth cusps, both with unaided eye and lens.

Results. The results depicted that suids and tragulids were browsers, bovids were mixed
feeders which spent some time in browsing, and anthracotheriids were mixed feeders, pre-
dominantly grazers.

Conclusion. The findings support the presence of a mixed palaeoenvironment from moist,
humid, and closed forests to grassland during the Middle Miocene period in Kanhatti,
Punjab, Pakistan.

Keywords: bovidae, Chinji Formation, Siwaliks, suidae, tragulidae
Highlights

o Siwalik artiodactyls were tested for their diet through mesowear analysis, although
limited data is available on the palaeodiet of this group. This study attempts to increase
the current understanding of artiodactyl palaeodiet.

e Kanhatti is a neglected area in the Siwaliks but an important Chinji Formation site. So,
the new collection and palaeodietary analysis fills the gap about the palaeoecology of
Chinji Formation artiodactyls.

e The study further confirms the presence of a mixed paleoenvironment in Chinji
Formation, as proposed quite recently.

1.INTRODUCTION ungulates. This technique is equally useful
to determine the diets of both extinct and
living species by analyzing the animal tooth
wear [1-7]. Since its first use, it remains an

Dental mesowear is a valued technique
which is used to analyze the paleodiets of
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important and easy technique to infer
paleodiet [2, 7-13]. During the mastication
of food, the premolars and molars
experience two types of tooth wear, namely
attrition (tooth wear caused by teeth) and
abrasion (tooth wear caused by food) [1].

The mesowear method was first
introduced by [1]. Later, this method was
applied to different animal groups and
extended to various other teeth by different
researchers. A study [14] extended the
method by including lower and upper
(fourth) premolars and all molars, while
working with equids. Another study [4]
used this method on M3 and M2 in
ruminants. Further, [15] used mesowear |
for upper lagomorph and lower P4-M2,
while [16] applied it for the upper first and
second molars, as well as the lower third
premolar in Leporinae and for upper and
lower first molars in Murinae. Moreover,
[17] also used this method in voles for the
upper first and second molars and the lower
first molar, though it could not be studied in
the same way because voles have flat teeth.

As far as Siwalik mammals are
concerned, [18] studied Selenoportax,

Tragoceridus sp. and Hipparionini for the
first time. Later, [19] provided his valuable
addition to the analysis of the paleodiet of
extinct and extant ungulates of Punjab by
using mesowear and microwear techniques.
In this regard, [20] used the mesowear I, II,
and hypsodonty index to probe
Giraffokeryx punjabiensis paleodiet and
paleoecology. Recently, [7] applied
mesowear | to analyze the diets of
fossilized mammals recovered from the
Middle Miocene site, Chabbar Syedan,
Pakistan. The current work adds new

Department of Life Sciences

information in the field of paleoecology
and helps to infer the paleodiet and
paleoenvironment of Siwalik Middle
Miocene artiodactyls.

The current work can be used as a
blueprint for the future study of the
paleodiets of Middle Miocene mammals, as
mesowear technique can be applied along
with other dietary indicators to draw a more
precise sketch of their feeding behavior.

1.1. Studied Section

1.1.1. Kanhatti. The section is located
(Lat. 32° 41' 01.7"; Long. 72° 25' 02.5")
about 12 km to the southwest of the
Kanhatti village, Potwar Plateau, Punjab,
Pakistan (Figure 1). The deposits have dark
red sandstones, medium- to thick-bedded
with intercalated brick red claystone. The
fossiliferous localities were mapped as
lower Chinji Formation near the Kanhatti
village [21]. Out of the ten (10) collection
sites (K1-K10), most of the fossils were
collected from K6, K8, K9, and K10.
Among these four sites, K9 and K10
produced abundant mammalian taxa
including  artiodactyls, perissodactyls,
carnivores, and proboscedeans. The fossils
of four (04) families, namely suidae,
bovidae, tragulidae, and antheracotheriidae
were collected from K6 and K9, while the
fossils of three (03) families, namely
suidae, bovidae, and tragulidae were
collected from K8 and K10, representing
different timeframes. However,
paleomagnetic studies [22] have described
the Chinji Formation that lies in late Middle
Miocene [23].
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Figure 1. Location of the Kanhatti village and collection sites in its vicinity
2.MATERIALS AND METHODS University of the Punjab, Lahore. The
maxillary and mandibular teeth belonging
to artiodactyls were analyzed using the
mesowear | method, as used by [1] (Figure
2).

The recovered material was placed at
the Dr. Abu Bakr Fossil Display and
Research Centre, Institute of Zoology,

cusp shape (CS)

Figure 2. Mesowear method used to examine tooth wear as used by Fortelius and Solounias
(2000)
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The upper fourth premolar and molar
series, as well as lower molar series, were
added to enhance the specimen number
(hence data), following the extended
method. From the available specimens,
only the finely preserved adult teeth were
sampled. The taphonomically altered teeth
and the extremely worn or those in very
early wear were discarded. The sampled
teeth were examined by means of unaided

eye and hand lens. The buccal cusps of
mandibular and maxillary teeth were
analyzed for occlusal relief (OR) and cusp
shape (CS), as shown in Table 1. The
occlusal relief was recorded as “high” (h)
and “low” (1), whereas the cusp shape was
categorized as “sharp” (s), “round” (r), and
“blunt” (b). Their percentages are indicated
in Table 2.

Table 1. Mesowear Scores for Eight Artiodactyls Species from the Chinji Formation

Outcrops of Kanhatti Village

Taxa Inventory Nat_u_re/ Occlusal Relief  Cusp Shape
Number Position h/l s/r/b

Listriodon PUPC 18/164 Im2 h S
pentapotamiae PUPC 18/211 Im1 h S
Conohyus sindiensis PUPC 18/173 rm2 h >
PUPC 17/396 IM3 h r

PUPC 19/40 rP4 | b

Propotamochoerus PUPC 17/397 IM3 h r
sp. PUPC 18/167 IM3 | b
PUPC 18/168 Im2 I b

Graecoryx gluten PUPC 19/30 rM3 h S
PUPC 18/214 rm3 h S

PUPC 17/406 Im3 h r

Eotragus sp. PUPC 21/15 rm2 h r
rm3 h r

PUPC 17/394 rP3 h r

Gazella superba PUPC 19/03 IM2 h S
PUPC 19/04 IM2 h r

PUPC 17/393 IM2 I r

PUPC 19/34 rM2 I r

PUPC 18/176 rM3 h r

Dorcatherium minus PUPC 17/388 rml h S
PUPC 18/177 rm3 h S

PUPC 19/35 Im3 h S

PUPC 18/178 rP4 I b

nMairZ;:OpOtam“S PUPC 17/407 IM3 h r
PUPC 17/409 IM3 h r
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Table 2. Mesowear Frequency of Eight Artiodactyls Species of the Lower Siwalik with Percentage of OR (High and Low) and CS
(Sharp, Round, and Blunt)

OR CS OR CS
Taxa N W b % % % % % Browser/Grazer
s T High Low Sharp Round Blunt
Listriodon pentapotamiae 2 2 0 2 0 O 100 0 100 0 0 Browser
S Dominantly
Conohyus sindiensis 2 2 0 1 10 100 0 50 50 0 browser
Mixed feeder but
Propotamochoerus sp. 4 1 3 0 1 3 25 75 0 25 75 dominantly grazer
Graecoryx gluten 2 2 0 2 0 O 100 0 100 0 0 Browser
Mixed feeder or
browser
Eotragus sp. 3 3 0 0 3 O 100 0 0 100 0 Dominantly mixed
feeder
Mixed feeder or
browser
Gazella superba 4 3 1 1 3 0 75 25 25 75 0 Dominantly mixed
feeder
Dorcatherium minus 5 4 1 3 2 0 80 20 60 40 0 Browser
Merycopotamus nanus 3 2 1 0 2 1 667 33.3 0 66.7 33.3 Mixed feeder but

dominantly grazer
Abbreviations: OR (occlusal relief), CS (cusp shape), SE (Standard Error), h (High), I (Low), s (Sharp), r (Round), b (Blunt), M (upper
molar), m (lower molar), P (upper premolar), Ma (million years ago), PUPC (Punjab University Paleontological Collection, Lahore,
Punjab, Pakistan).
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3.RESULTS

The individually scored frequencies
for two variables of mesowear, that is, OR
(high and low) and CS (sharp, round, and
blunt) were observed. The results are
summarized in Tables 1 and 2 and Figure 3
and 4 of four families of Artiodactyla,
namely suidae, bovidae, tragulidae, and
anthracotheriidae. In suidae, the histogram
of Listriodon pentapotamiae indicates that
all the specimens were high with a sharp
cusp shape. Moreover, Conohyus sindiensis
occlusal relief was high for all specimens
with a sharp and round shape in equal
proportions. The specimen of
Propotamochoerus sp. shows that three of
four specimens were low and blunt, while
one was high and round (Figure 3, 4). In

bovidae, the histogram of Graecoryx gluten
shows high relief with a sharp cusp and
Eotragus sp. shows high relief with
rounded cusps. While, Gazella superba
demonstrates three quarter high relief with
25% sharp and 75% round cusp shapes. It
can be noted that none of the bovids had
blunt cusps (Figure 3, 4). Furthermore, 80%
of the specimens of Dorcatherium minus
(tragulidae) showed high occlusal relief
with 60% sharp cusp and 40% round cusps
(Figure 3, 4; Table 2). None of the
specimens of D. minus was blunt. The
occlusal relief data for Merycopotamus
nanus (anthracotheriidae) specified that
66.7% of samples were high and showed a
round cusp shape, while the rest were low
and had blunt cusp (Figure 3, 4; Table 2).
None of the samples was sharp.
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Figure 3. Percentage of occlusal relief for
Plateau, Pakistan

the Kanhatti artiodactyls species, Potwar
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Figure 4. Percentage of cusp shapes for the Kanhatti artiodactyls species, Potwar Plateau,

Pakistan
Department of Life Sciences f&‘i. U MT 89

Volume 6 Issue 3, 2024




Mesowear and Paleodiet Analysis. ..

Statistical analyses were performed to
assess the variations in two variables of
mesowear (occlusal relief and cusp shape)
with significance established at p < 0.05.

The mean values of occlusal relief were
analyzed by applying independent samples
t-test and the obtained results were
statistically significant (Figure 5; Table 3).

Occlusal Relief

3
2.5
2
1.5
1
0.5
0
High

Low

Figure 5. Variations between the means of occlusal relief evaluated by independent sample

t-test

Table 3. Variations between the means of occlusal relief evaluated by independent t-test

Sr. # OR Mean SE F value p value df
1 High 2.37+0.83
2 Low 0.75+£1.0 107 0.02 !

This indicates that there is a significant
difference in occulusal relief between the
groups of artiodactyls being compared.
Simply, this suggests that there were
differences in the wear patterns on the

chewing surfaces of their teeth. On the
other hand, the mean values of the cusp
shapes of different groups of artiodactyls
were evaluated by ANOVA (Analysis of
Variance) and the results were statistically
non-significant (Figure 6; Table 4).

Sharp

Cusp Shape

2.5
2
1.5
1
0.5
0

Round

Blunt

Figure 6. Variations between the means of cusp shape evaluated by one-way ANOVA

90— |BSR

Bioscientific Review

Volume 6 Issue 3, 2024




Ghaus et al.

Table 4. Variations between the means of cusp shapes evaluated by one-way ANOVA

Sr. # CS Mean SE F value p value df
1 Sharp 1.125+ 1.26
2 Round 1.5+ 1.42 1.19 0.331 2
3 Blunt 0.5+1.14
This suggests that there is no ;:v(\)/?;gcislﬁd of either grasses or leaves and
significant difference in cusp shape '

between different groups of artiodactyls
being compared. Hence, despite potential
differences in diet or behavior, the shape of
cusps on their teeth did not vary
significantly. Overall, these findings
highlight the importance of occulusal relief
as a marker for dietary habits or
environmental factors among artiodactyls,
whereas cusp shape may not be as
indicative in the current results. However,
it is important to mention that mesowear
analysis is a subjective technique and the
categorization of occlusal wear can vary
between observers. Previous studies
showed that interobserver error does not
significantly affect the results, although it
still remains a potential source of
variability.

4.DISCUSSION

The newly collected samples of
artiodactyls from Kanhatti were tested for
the analysis of palaeodiets by measuring
the relative amounts of attrition and
abrasion on the maxillary (P4-M3) and
mandibular (molars only) teeth using
mesowear | (as used by [1]). This technique
is used to categorize the teeth on the basis
of cusp relief and cusp shape [1]. The
specimens showing high attrition, that is,
high relief and sharp cusps leant toward the
browsing habit. Those that experienced
high abrasion, namely low relief and blunt
cusps inclined toward grazing. Whereas,
the specimens having high or low relief
with rounded cusp tips tended to have
mixed feeding habits, that is, their diet was

Department of Life Sciences

In the case of the suidae family, L.
pentapotamiae falls in the category of
strong browsers and C. sindiensis is
considered a mixed feeder to preferred
browser. Whereas, Propotamochoerus sp.
is regarded as a mixed feeder to preferred
grazer (Figure. 3, 4). The findings coincide
with the results of [19] and [7] who
identified the medium-sized suids L.
pentapotamiae and C. sindiensis as regular
browsers. A wooded or forested
environment may have been the reason
behind the browsing habit of listriodonts
[24]. Listriodon species were lophodont
herbivores that browsed on vegetation [25—
27].

The bar chart of Graecoryx gluten
(Figure 3, 4) shows that they were
browsers. Further, [7, 19] inferred
Graecoryx gluten as a browser/mixed
feeder in semi-closed/closed environments,
as well as leaf and herb eater in shrubland
habitats. Eotragus sp. (Figure 3, 4) was a
mixed feeder and a usual browser. The
findings are similar to [7, 19] who inferred
Eotragus noyei as a regular and high-level
browser. Gazella superba is a mixed feeder
to preferred browser (Figure 3, 4). The
above study [7, 19] also placed Gazella in
the same feeding group [28]. Dental
microwear showed that Gazella species
were usual browsers and mixed feeders.
Mixed feeding habit recommends the
existence of abundant herbaceous
vegetation in the Middle Miocene of
Siwalik.

UMT— 91
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Dorcatherium minus (Figure 3, 4) was
placed in the browsing group based on the
current analysis. The browsing habit of
Dorcatherium is also recommended by [7,
29-35]. Tragulids feed on a variety of buds,
leaves, and shoots that are rich in protein
contents and have little abrasive particles
[33-36]. While, on dry land their diet
comprised leaves and fruits [38].
Merycopotamus nanus are considered as
mixed feeders, since they showed a
predominantly grazing habit which reflects
the mixed vegetation in that environment.

Tragulids regularly consume leaves,
fruits, and occasionally, grasses. Their low
hypsodonty  suggests  browsing  or
infrequent mixed feeding habit in Chinji
Formation [35, 39]. Ungulate diversity
unveils the dominance of browsing and
mixed feeders during the emtire Middle
Miocene to early Late Miocene [40, 41]. A
study [42] suggested a heavy cover of
uniform forests with a continuous canopy,
predominantly with Cs type vegetation in
Chinji Formation on the basis of primate
and other vertebrate taxa.

The paleoecology of fossil ungulates
focuses mainly on paleodietary
interpretations [43]. Although the fossil
record of Middle Miocene artiodactyls is
very rich, their diet estimation by mesowear
is insufficient [44]. Previous data regarding
the assessment of the diets of the herbivores
of Chinji Formation is mainly based on
general comparisons with their extant
analogues [45]. The closed habitats of
Middle Miocene (Chinji Formation)
accommodate many species of browsers, in
combination with mixed feeders, which
indicates the presence of tropical forests
during 14 to 12 Ma and subtropical by 11

Ma [46].

The current results and the graphical
representations of mesowear analysis

92— |BSR

regarding the Middle Miocene artiodactyls
designate that the suids are mostly browsers
and show little interest in grazing, the
bovids are mixed feeders but display more
time in browsing, the tragulids are
browsers, and the anthracotheriids are
mixed feeders to preferred grazers. The
current effort may be used as a template for
paleodietary assessment in other deposits.
This would help to answer the queries
regarding the paleoecology of the studied
area. It also suggests that the climatic
conditions were more advantageous for
browsers than grazers during the Middle
Miocene.

The diversity of the species of
browsers and browsing mixed feeders
among ungulates was universal throughout
the Middle Miocene in the Siwaliks of
Pakistan [19, 40, 41]. Furthermore, a
similar pattern was seen in the current
mesowear study of the Kanhatti
artiodactyls. Ecomorphology of ungulates
reveals forests along with the presence of
mixed feeding bovids and hypsodont
rhinoceroses (order perissodactyla) in the
area. Therefore, it is suggested that the
Siwalik Middle Miocene climate was
wooded with a thick cover of C3 vegetation,
indicating that the environment supported
Cs plants with a diverse fauna exploiting it

[47].
4.1. Conclusion

The current study marks the first
mesowear analysis conducted on eight (08)
ruminant species found in the Middle
Miocene of Kanhatti, Punjab, Pakistan. The
suids and tragulids are browsers, the bovids
and anthracotheriids are mixed feeders,
with former preferring to browse and the
latter predominantly grazing. This analysis
reflects that browsers were more prevalent
than grazers during the Middle Miocene.
The current findings indicate that the

Bioscientific Review

Volume 6 Issue 3, 2024



Ghaus et al.

mosaic habitat included moist, humid
forests with a minor grassland component
during the Middle Miocene.
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