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1. Introduction

The Maragheh region in East Azerbaijan province is
well-known for having one of the richest Miocene mammal
fossils in the West Asia, which is also known as Pikermian
Fauna (Abich, 1858; Brandt, 1870; Grewingk, 1881; Bernor
et al. 1996; Mirzaie Ataabadi et al., 2013). This region is

ABSTRACT

The Maragheh fossil site in East Azarbaijan province is considered as one of the richest and most
valuable fossil sites in the world due to the abundance and diversity of vertebrate fossil. The
Maragheh Formation of the Miocene age is well exposed on the slopes of the Sahand Mountain and
includes diverse vertebrate fossils such as giraffids, antelopes, horses, rhinoceros, and proboscidean.
The giraffid fossils in the Maragheh region, are of the great importance in paleogeographic and
paleoecological studies. In this study, a dataset was compiled based on the morphometric measurements
of the locomotory limbs of the giraffids from the Maragheh, Turkey, and Spain. In order to investigate
the paleogeographic and paleoecological relations between the studied giraffid fossils, a detailed
analysis of the dataset was conducted by using multivariate analyses. The results of the principal
component analyses (PCA) and cluster analyses (CA) show a high similarity between the fossil
specimens from the Maragheh region with those from Turkey and Spain. This close morphological
relations between the fossils of Maragheh region and other studied fossils indicates the existence of
an ecological environment with similar faunas at the same geographical latitudes during the Turolian

period.

one of the connection links of savanna fauna (7-9.5 million
years ago) and has paleoecological and paleogeographic
importance due to its similarity with the European fauna.

The Maragheh Formation, which accumulated in the southern

part of the Sahand volcanic massif, is divided into two upper
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and lower members based on the lithology and sedimentary
facies (Campbell et al., 1980; Bernor, 1986). The lower
member is fossiliferous and contains a succession of marl,
tuff, tuff-sandstone, and layers of conglomerate sand. The
upper member is much wider and thicker than the lower
member and there are no fossils of terrestrial vertebrates in
this member (Campbell et al., 1980; Bernor, 1986).

Given the high diversity and abundance of giraffid
fossils in the Maragheh region, these mammals are of
great importance in phylogenetic and paleoecological
studies. In this study, a quantitative method was conducted
to investigate the relations between the Late Miocene
giraffids of the Maragheh region and those fossils of the
same age in other regions of the world. In this method, the
dataset obtained from morphometric measurements of the
locomotory organs of giraffids from Maragheh, Turkey,
and Spain was analyzed using the multivariate analyses.
The results of the multivariate analysis provide more
comprehensive information about the relations between the
giraffids of the Maragheh region and those from Turkey and
Spain. By interpreting these data, a better understanding of
the paleoecology and paleoenvironment of the Maragheh

region during the Late Miocene can be obtained.

2. Research methodology

In this study, a dataset was conducted based on the
morphological measurements of the locomotory limbs of the
giraffid fossils from the Maragheh Formation. This dataset
was combined with the dataset that was collected from
the giraffid fossils of Turkey and Spain. In order to have
a better understanding about the similarity and relations of
the Late Miocene giraffid and also have a comprehensive
paleoecological and paleogeographical interpretation,
the dataset was subjected to multivariate analysis such as
principal component analysis (PCA) and cluster analysis
(CA) using the PAST software (Hammer et al., 2001;
Hammer and Harper, 2006).

3. Results and Discussions

This study employs a quantitative approach using
multivariate analysis to investigate the relations between the
Late Miocene giraffids species from the Maragheh region
(Mordagh, Aliabad, and Ghizgin in the east of Maragheh),
Turkey (Kavakdereh), and Spain (Batallones). A data-
set, which was based on the biometric measurements of
the giraffid locomotory limbs including the astragalus,
calcaneus, metacarpal, and metatarsal was subjected to the
PCA and CA analysis.

The result of PCA analysis for the astragalus data
shows similarities between the specimens of Maragheh
(Samotherium boissieri and Honanotherium bernori) and
Turkey (Alcicephalus neumayri). Also, there is a close
relation between Helladotherium duvernoyi from the
Kavakdereh region of Turkey with Alcicephalus neumayri
from Maragheh. The result of PCA analysis is consistent
with the result of CA analysis, which shows a high similarity
between the specimens from the Kvakdereh region of
Turkey (Helladotherium duvernoyi), the specimens of
Maragheh (Samotherium boissieri) and the specimens of
China (Honanotherium schlosseri).

Based on the result of PCA analysis on calcaneum data,
four groups can be identified. Group A includes the species
from Aliabad region of Maragheh (Palaeotragus microdon)
and the species from Spain (Samotherium mongoliense).
Group B involves the species from the Aliabad region of
Maragheh (Giraffa camelopardalis) and the species from
Spain (Decennatberium crusafonti). Group C includes the
species of Maragheh (Samotherium boissieri) and the species
from Spain (Decennatherium pachecoi). Group D includes
the species from Maragheh (Samotherium boissieri) and the
species from the Kavakdereh region of Turkey (Samotherium
boissieri). The specimens (Honanotherium schlosseri) from
China show no similarity with other specimens. The result
of the CA analysis of calcaneum data also indicates close
relations between the species of Maragheh with those from
Spain.

Theresults of PCA and CA analysis based on the metatarsal
data for the specimens of Maragheh (Samotherium
boissieri) and the specimens from the Kavakdereh region
of Turkey (Helladotherium duvernoyi and Bramatherium
perimense) show no close relations between them.
The specimens from the Kavakdereh region of Turkey
(Helladotherium duvernoyi and Bramatherium perimense)
are grouped together and show no similarity with the
specimen from Maragheh (Samotherium boissieri) as they
are separated from them. The lack of similarity between
the metatarsal of Maragheh and Turkey specimens might
be related to the lack of fossil specimens and insufficient
fossil data. Further research can provide an insight to
have a better understanding about their phylogenetic and

paleogeographic implication.

4. Conclusion
The results of multivariate analysis (PCA and CA) based
on the data obtained from the locomotory limbs of giraffid

fossils including astragalus, calcaneum, and metapodials
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show a strong similarity between the specimens from the
Maragheh region with those specimens from the Kavakdereh
region of Turkey and the Batallones region of Spain, which
are located at the same latitudes (30-40 degrees). Similarity

of the fossil fauna from Maragheh with other mammals

135

indicates evolutionary relations between these terrestrial
mammals (Pikermian fauna) and also their adaptation to a
large ecological savannah environment from the Maragheh
region to the east of the Mediterranean region and Balkans

during the Late Miocene (Turolian).
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Figure 1- A) Map of the Maragheh region and the location of the Maragheh fossil sites in the slope of the Sahand Mountain, a: includes the
lower parts of the Maragheh fossil sites, b: Includes the middle parts of the Maragheh fossil sites, c: Includes the upper parts of the Maragheh
fossil sites. B) The geographic position of the fossil sites (MMTT sites) and their elevations, showing the locations of studied fossil sites related
to giraffid fossils (red circles) (after Mirzaie Ataabadi et al., 2013; Parizad et al., 2019).
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Dewey et al., 1973; Huber, 1976).
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Figure 3. Stratigraphy of the Maragheh Formation (after Mirzaie Ataabadi et al., 2013).
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Figure 4. Measurements of calcaneum and astragalus (after Rios et al., 2017).
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Figure 5. Measurements for A: Metacarpus and B: Metatarsus (after Rios et al., 2017).
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Figure 6-A and B) Metacarpus of Samotherium boissieri from Maragheh;

C and D) Metatarsus of Samotherium boissieri from Maragheh (scale is
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Figure 7- A) Calcaneum and B) Astragalus of Samotherium

boissieri from the Maragheh region (scale is 3 cm).
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Table 1. Measurement data for astragalus specimens (dimensions are in centimeters).
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Astragalus Specimens Taxon Locality Llat Lmed TDdis

ml4 Samotherium boissieri Maragheh 10.2 8.8 7.2
ml5 Samotherium boissieri Maragheh 8.3 6.9 5.07

ml6 Samotherium boissieri Maragheh 8.4 7.4 5.5

ml7 Samotherium boissieri Maragheh 8.3 7.2 6.2

ml8 Samotherium boissieri Maragheh 8.9 7.6 59

ml9 Samotherium boissieri Maragheh 8.1 6.8 44

m20 Samotherium boissieri Maragheh 7.9 7.3 6.5

m21 Samotherium boissieri Maragheh 7.7 6.5 5.6

m22 Samotherium boissieri Maragheh 8.4 72 5.1
PV-157 Helladotherium duvernoyi Kavakdereh 11.02 9.08 6.97
PV-158 Helladotherium duvernoyi Kavakdereh 11.45 9.94 7.65
MMTT 2448 Honanotherium bernori Maragheh 8.81 7.6 5.52
MMTT 49A Honanotherium bernori Maragheh 9.88 8.1 6.57
PV-235 Alcicephalus neumayri Kavakdereh 10.06 8.52 6.55

NHMW 2019/0018/0001 Alcicephalus neumayri Maragheh 10.09 9.02 6.5
NHMW 2019/0018/0002 Alcicephalus neumayri Maragheh 9.85 8.57 6.63
NHMW 2019/0018/0003 Alcicephalus neumayri Maragheh 10.55 9.32 6.84
NHMW 2019/0018/0004 Alcicephalus neumayri Maragheh 9.72 8.73 5.92

(3l oo o o 4 Laj11) o SIS (glaes s S oiil 4 bg a glaasls =Y J g

Table 2. The measurement data of calcaneum specimens (dimensions are in centimeters).

Calcaneum Specimens Taxon Locality Hmax Hmin Tubercle width TDst
m22 Samotherium boissieri Maragheh 17.3 8.9 3.6 4.9

m23 Samotherium boissieri Maragheh 16.5 9.2 4.8 5.6

m24 Samotherium boissieri Maragheh 15.9 10.1 22 6.04

PV-242 Samotherium boissieri Kavakdereh 15.66 10.53 — 3.89
Museum, Hooijer, 1963 Giraffa Camelopardalis Maragheh (Aliabad) 18.4 8.6 — 5.8
Dexter, no. 73 Palaeotragus microdon Maragheh (Aliabad) 139 4 5.8 —
Bohlin, 1927 P- 70 Giraffa Maragheh (Aliabad) 18.7 8.3 53 —
(1973 XX177) Decennatberium crusafonti Spain 19.1 7.1 5 5.1
Crusafont, 1952, p. 91 Decennatherium pachecoi Spain 17.5 — — 5.82
Bohlin, 1927, p. 118 Honanotherium schlosseri China 20 — — 8.8
Spain sample Samotherium mongoliense Spain 7.6 5.4 5.8 —

(Asl g e o & oIl LIS ke (lads sal S 050l 4 b e slaesls Y J g

Table 3. The measurement data of metacarpal specimens (dimensions are in centimeters).

Metacarpal Specimens Taxon Locality L TDprox | APDprox | TDdia
mll Samotherium boissieri Maragheh 37.1 8.9 4.5 8.1
m42 Samotherium boissieri Maragheh 41.5 10.8 5.7 —

PV-154 Helladotherium duvernoyi Kavakdereh | 41.52 10.17 5.78 9.87
(3 ex) Palaeotragus microdon Maragheh 385 52 14.6 —
6ex Samotherium sinense Maragheh 44.5 9.5 16.8 —
lex Samotherium boissieri Maragheh 41 9 15.2 —
Sex Alcicephalus neumayri Maragheh — 9.5 13.9 —
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Table 4. Data related to the measurement of metatarsal specimens (measurements are in centimeters).

Metatarsal Specimens Taxon Locality L TDprox TDdia
ml2 Samotherium boissieri Maragheh 38.06 7.5 32
PV-152 Helladotherium duvernoyi Kavakdereh 43.24 7.8 4.25
PV-150 Bramatherium perimense Kavakdereh 48.69 9.37 5.68
PV-153 Bramatherium perimense Kavakdereh 4428 8.56 4.9
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Figure 8. The results of PCA analysis for Astragalus samples. The vectors A, B, and C correspond to the

measurements of Llat, Lmed, and TDdis, respectively.
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Figure 9. The results of CA analysis for Astragalus samples. The clusters of A, B, C and the subclusters of A1, A2, and C1,

C2 are distinguished.
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Figure 10. The results of PCA analysis for calcaneum samples. The vectors A, B, C, and D correspond to the

measurements of Hmax, Hmin, Tubercle width, and TDst, respectively.
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Figure 11. The results of CA analysis for calcaneum samples. The clusters of A, B, C and the subclusters of A1, A2,

and C1, C2 are distinguished.
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Figure 12. The results of PCA analysis for metacarpal samples. The vectors A, B, C, and D correspond to the

measurements of L, Tdprox, APDprox, and TDdia, respectively.
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metacarpal samples. The clusters of A and
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Figure 14. The results of PCA analysis for
metatarsal samples. The vectors A, B, and
C correspond to the measurements of L,

Tdprox, and TDdia, respectively.
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Figure 15. The results of PCA analysis
for metatarsal samples. The samples from
Turkey (2, 4, and 3) are in two separate
clusters and the sample from Maragheh (1)

forms a separate cluster.
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