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The reconstruction of Pleistocene faunas and environments of the Arabian Peninsula is critical to understanding faunal exchange and dispersal between Africa and Eurasia. However, the documented
Quaternary vertebrate record of the Peninsula is currently sparse and poorly understood. Small collections have provided a rare insight into the Pleistocene vertebrate communities of northern Arabia, but
the chronostratigraphic context of these collections is not clear. Resolving the taxonomic and chronostratigraphic afﬁnities of this fauna is critical to emerging Quaternary frameworks.
Here, we summarise recent investigations of the fossiliferous locality of Ti's al Ghadah in the southwestern Nefud. Excavations yielded well-preserved fossil bones in a secure stratigraphic context,
establishing the potential of this site to make a signiﬁcant contribution to our understanding of vertebrate diversity and biogeography in the Pleistocene of Arabia. We describe the site and report our preliminary observations of newly-recovered stratiﬁed vertebrate remains, at present dated to the Middle
Pleistocene, which include oryx (Oryx sp.), fox (Vulpes sp.), and notably stratiﬁed remains of the Elephantidae and a grebe (Tachybaptus sp.). Here, we give special attention to post-cranial evidence that
conﬁrms the presence of a jaguar-sized pantherine, which we refer to the Eurasian jaguar (Panthera cf.
gombaszogensis). The occurrence of this taxon during the Middle Pleistocene has important implications
for existing biostratigraphical and biogeographical models and for palaeoecological reconstructions of
the southern Nefud at that time.
© 2014 Elsevier Ltd and INQUA. All rights reserved.
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1. Introduction
The nature of and changes to the Pleistocene faunal communities and environments of Arabia are key issues for discussions
of faunal exchange and hominid dispersal within and between
Africa and Eurasia. However, the Quaternary vertebrate record
from the Arabian Peninsula is at present poorly understood
(O'Regan et al., 2011). In what remains a rare insight into the
Pleistocene (2.6 Ma to 0.011 Ma) vertebrate fauna of the
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Peninsula, Thomas et al. (1998) reported a suite of vertebrate
taxa (hereafter, “the Nefud fauna”) that were identiﬁed from
collections of fossil bones from three locations in the southwestern Nefud Desert, Kingdom of Saudi Arabia (Fig. 1; Table 1).
These fossils were recovered as both surface ﬁnds and from in
situ settings within Quaternary lacustrine (lake) sequences preserved in interdunal basins (Witney et al., 1983; Thomas et al.,
1998; Rosenberg et al., 2013). During the Quaternary period,
the climate of Arabia oscillated between extreme aridity e today,
reﬂected by the expansive, hyper-arid sand seas (ergs) of the Rub’
al Khali, An Nefud and Wahiba sands e and pluvial periods that
occurred principally, but not exclusively, in interglacial periods
(e.g. Parker, 2009). These pluvial periods were ephemeral, a-periodic and variable in duration and intensity and saw the activation of wadi (river) systems and the formation of marsh
habitats and lakes (e.g. McClure, 1984; Parker, 2009; Petraglia
et al., 2011, 2012; Groucutt and Petraglia, 2012; Breeze et al.,
2015; Parton et al., 2015).
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Table 1
The Pleistocene “Nefud fauna” reported by Thomas et al. (1998), with preliminary
results from the Palaeodeserts 2013 season at Ti's al Ghadah. X ¼ present; / ¼ no
record.
Locality#1 Locality#2 Layer 005

Taxa
Actinopterygii
Osteoglossiformes
Reptilia
Testudines, Testudinidae
Geochelone cf. sulcata
Squamata
Aves
Podicipediformes,
Podicipedidae
Tachybaptus sp.
Mammalia
Perissodactyla, Equidae
Equus sp.
Proboscidea,
Elephantidae
cf. Elephas
(Palaeoloxodon)
recki
cf. Palaeoloxodon sp.
Artiodactyla,
Hippopotamidae
Hexaprotodon sp.?
Bovidae
Pelorovis cf. oldowayensis
Oryx sp.
Alcelaphinae: gen. et sp.
indet.
Camelidae
gen. et sp. indet.
Carnivora, Felidae
Panthera cf.
gombaszogensis
Canidae
Vulpes (cf. vulpes)
Hyaenidae
Crocuta crocuta

Locality#3

Khall
Ti's al
Amayshan Ghadah

na
Ti's al
Ghadah
(Palaeodeserts)

/
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/

/

/
/
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/

/
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/
/

/

/
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/

X

X

/

/

/

/

/

X

/

/

X

/

X

/

/

/

X
/
X

/
X
X

/
X
/

X
/
/

/

X

/

/

/

X

X

/

/

X

X

/

/

/

/

X

The fossil collection reported by Thomas et al. (1998) provides
an insight into the faunal communities of these Pleistocene landscapes and indicate the regional presence of large and very large
mammals (Hippopotamidae: cf. Hexaprotodon sp?; Elephantidae:
cf. Palaeoloxodon/Elephas sp.) a large extinct bovid, (Pelorovis cf.
oldowayensis), a robust equid (Equus sp.), carnivores including fox
(Vulpes sp.) and spotted hyena (Crocuta crocuta), an extinct camelid,
and bovids including Oryx sp. On the basis of taxonomic composition and “stage of evolution” (Thomas et al., 1998, p. 150), an Early
Pleistocene-age (2.6 Ma e 0.768 Ma) and an Ethiopian biogeographical afﬁnity were proposed for this fauna (Table 1).
The sample reported by Thomas and colleagues included a left
metacarpal III (JMI 27) from a large pantherine from “locality 2”, a
site known as Ti's al Ghadah, which yielded the most taxonomically
diverse assemblage (Fig. 1B; Table 1). The fossils from this site were
reported to be associated with a green to khaki clayey siltstone deposit that were overlain by a sequence of lacustrine white paper
marls (Thomas et al., 1998). In addition to the felid bone, the identiﬁed specimens included a maxilla of a large Osteoglossiforme ﬁsh
(possibly over a metre in length) and fragments of a large tortoise
similar to the extant African spurred tortoise, Geochelone sulcata. The
mammalian fauna is characterised by a relative abundance of the
remains of bovids attributable to Oryx sp.; dental morphology was
reported to be similar to desert-adapted O. dammah and Oryx
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leucoryx, but cranial morphology suggest that horn-core divergence
in the Nefud specimens were distinct from these extant species. A
metatarsal from a fox (Vulpes sp.) was the only other Carnivore
represented in the assemblage. Indeterminate genera of camelid and
archaic bovids were also noted, with a small number of molars
attributable to alcelaphines. Specimens attributable to a relatively
robust Equus sp. were described to be similar to equid fossils
recovered from Early Pleistocene deposits from Olduvai (Upper Bed
II) and the Middle Pleistocene of Garba III (Table 1).
In a brief description, the large felid metacarpal is reported, “to
correspond in size and proportions” (Thomas et al.,1998, p.147) with
a left metacarpal IV (UB167) from the Early Pleistocene at ‘Ubeidiya
(1.4 Ma 1.0 Ma) attributed to extinct felid Panthera gombaszogensis
(Kretzoi, 1938; our spelling of “gombaszogensis” follows Wagner,
sio, 1986; Martínez-Navarro et al.,
2011); the Eurasian jaguar (Balle
2009). This extinct pantherine is known from fragmentary fossils
from Early to Middle Pleistocene (2.0 Ma e c. 0.4e0.3 Ma) sites
throughout Europe and into Asia (e.g. O'Regan and Turner, 2004;
Hemmer et al., 2010; Marciszak, 2014). The Nefud specimen was
conferred as P. cf. gombaszogenesis, although it is generally treated in
reviews as an Early Pleistocene record of the taxon from the Arabian
Peninsula (e.g. Dennell, 2010; Marciszak, 2014). However, no ﬁgures
or measurements were published in the original report and the
method of taxonomic diagnosis and the identity of this specimen
have been queried (O'Regan, 2002, p. 250).
The precise age of the Nefud remains uncertain. Thomas et al.
(1998) assigned the fauna to the Early Pleistocene on the basis of
tentative comparisons with biostratigraphically signiﬁcant species
known from well-dated contexts in the Levant and east Africa. A
recent comprehensive luminescence dating programme of lacustrine deposits and associated strata in the southwestern Nefud
(Rosenberg et al., 2013) included two of the fossiliferous localities
visited by Thomas et al. (including Ti's al Ghadah e Rosenberg and
colleagues' site 17.1). The luminescence study produced a suite of
dates that indicated that lake formation within the region took
place during Marine Isotope Stages (MIS) 11, 9 and 5. By implication, components of the Nefud fauna may therefore be younger
than the Early Pleistocene age proposed by Thomas et al. (1998) and
contain elements of Middle and Late Pleistocene provenance: a
Middle Pleistocene age is indicated for Ti's al Ghadah.
Resolving this apparent incompatibility of the faunal and
radiometric evidence is critical to emerging Quaternary frameworks for Arabia. Collaborative investigations between the Saudi
Commission for Tourism and Antiquities (SCTA) and the Palaeodeserts project (University of Oxford, UK) began in 2010. In late
2013, a programme of survey and excavation of fossiliferous localities in the southwestern Nefud was initiated to reﬁne our understanding of the taxonomic and chronostratigraphic afﬁnities of the
Pleistocene fauna of this area. This work included the reinvestigation of sites described by Thomas et al. (1998) and here, we
summarise our recent investigations at Ti's al Ghadah.
We describe the fossiliferous strata that were identiﬁed by
excavation and preliminary observations of stratiﬁed vertebrate
remains that were recovered. We make special reference to further
post-cranial evidence of a jaguar-sized pantherine, which we refer
to P. cf. gombaszogensis, and we describe morphological and
morphometric data that were employed for taxonomic diagnosis.
We consider the available evidence for the chronological context of
this specimen and conclude with a discussion of our current understanding of the palaeoecology of the site.
2. Site location and description
Ti's al Gadah is situated in the southwestern Nefud desert,
~95 km SE of Tayma (Fig. 1B), within an interdunal depression. The
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Fig. 1. The location of and regional setting of (A) the western Nefud desert, and (B) Ti's al Ghadah 1 and other Thomas et al. (1998) fossil sites. Maps are shown in relation to
palaeodrainage and palaeolake modelling data from Breeze et al., 2015, overlain upon SRTM DEM and Bing Maps satellite imagery.

basin is bounded to the west by a large barchan dune and by
smaller branching linear dunes to the north and south. The preserved Pleistocene lake sediments form a ~1 km long linear ridge,
orientated approximately NW/SE. (Fig. 2A) and is elevated ~6 m
above the basin ﬂoor. The sequence comprises thick beds of interdigitated sand deposits overlain by lacustrine silts and diatomaceous marls. Lake beds are vertically exposed along the western
face of the ridge and incised by ephemeral stream channels that
have transported material downslope to the lowest point in the
basin at the foot of the dune. The preserved ridge feature dips
gently towards the south of the basin and interﬁngers with low
dunes to the east. A detailed survey of the basin was performed
using a Trimble XRS Pro Differential GPS system to record surface
geomorphological features and ~30 000 topographic data points
from spaced transects, which were used to calculate a local DEM
(Fig. 2B).
Initial foot surveys of the site quickly identiﬁed clusters of
reworked fossils, which were patchily distributed along the talus
slopes that ﬂank the western face of the ridge, and on the surface of
the basin below. Small assemblages of lithics were also observed
and formed two distinct lithic scatters in the basin. A total of 76
lithic artefacts was collected and these were mostly made from
quartzite and are broadly of a small size. The raw material is likely

to be local, thought the exact source has not yet been located. Their
technological characteristics include discoidal ﬂaking methods
with a limited use of Levallois methods and single platform blade
cores, which were used to produce crude, laminar ﬂakes. These
characteristics are consistent with an early Middle Palaeolithic
attribution and a Middle Pleistocene age (see Groucutt and
Petraglia, 2012; Scerri et al., 2015).
Our principal aim in November 2013 was to identify and
describe the parent strata for the re-deposited fossils that were
evident on site. Our investigations focused on two adjacent areas at
the southern extremity of the ridge deposits (Fig. 2). A trench
(“Trench 1”) was opened, ultimately with an area of 9.5 m  2 m
and to a maximum depth of just over 1 m (Fig. 3). A vertical section
of eroding ridge deposit, adjacent to Trench 1, was also cut back (an
area of 6 m2) and cleaned. All deposits were removed following
stratigraphic boundaries and any bones that were encountered
were recorded in situ by Leica Total Station. Our investigations
identiﬁed three fossil-bearing strata. No lithics were recovered
during our excavations and thus the association between the artefacts recovered in the basin and the fossiliferous strata remains
unclear (Scerri et al., 2015).
A representative stratigraphic sequence was recorded after
exposure in section and is shown in Fig. 4A alongside the
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Fig. 2. The lacustrine ridge deposit at Ti's al Ghadah, (A) viewed from an adjacent barchan dune to the south, and (B) DEM plan of ridge showing 2013 excavation site. Arrows mark
2013 excavation site.

stratigraphic log published in Rosenberg et al. (2013) for the site in
Fig. 4B. Palaeoenvironmental column samples were taken from the
exposed section in Trench 1 and two Optically Stimulated Luminescence (OSL) samples were retrieved directly above and below
Layer 005 and are the subject of ongoing analysis.
The sedimentary sequence is underlain by weakly bedded,
moderately sorted pale grey-cream medium-coarse sands, with
occasional well-rounded quartz pebble inclusions (Layer 006).
Horizontally and vertically pervasive root voids occur throughout,
which are in-ﬁlled with coarse but soft dark brown sand.
Sands within the unit generally coarsen upwards and are
distinctly more consolidated than the overlying pale sand (Layer
005) with which it forms a diffuse contact. Layer 005 consists of
loose pale sand with ﬁne (c. 5e10 mm max length) rounded quartz

pebbles and was the principle bone-bearing stratum identiﬁed at
the site (section 3).
The stratigraphic log published in Rosenberg et al. (2013;
Fig. 4B) indicates that a sample for luminescence dating was taken
from strata equivalent to Layers 006 or 005; directly below, or in
association with the principal bone-bearing stratum that we
identiﬁed. OSL and TT-OSL (thermally-transferred optically stimulated luminescence) ages of 328 ± 26 ka and 318 ± 25 ka, respectively, were obtained for this sample. The overlying lake sediments
were interpreted as an MIS 9 deposit (Rosenberg et al., 2013).
Layer 005 is overlain by a horizontally bedded unit (Layer 004),
comprising a ﬁning-up sequence of medium-ﬁne greenish sands,
which we infer was the ‘original’ fossiliferous stratum cited in
Thomas et al. (1998). Iron staining is apparent along bedding planes

Fig. 3. The main trench (Trench 1) in the 2013 season at Ti's al Ghadah, viewed from the north, excavated to the surface of Layer 004.
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Fig. 4. (A) Northwest facing section of Trench 1 at Ti's al Ghadah (original RJ, AP and CMS; illustration CMS), and (B) Stratigraphic log and TT-OSL sample location from Ti's al
Ghadah (redrawn from Rosenberg et al., 2013).

and occasional well-rounded quartz inclusions occur throughout in
discrete horizontally-bedded stringers. Fossil bones were rare
(n ¼ 4), fragmentary and friable; two phalanges were relatively well
preserved and diagnostic to family (Bovidae).
Layers 005 and 004 are overlain by a sequence of lacustrine
deposits, consisting of silt-sand and ﬁnely laminated diatomaceous
marls (Layers 003 and 002). The uppermost lake sediments
comprise heavily indurated, iron stained and desiccation-curled
diatomaceous marl beds, which have been inﬁlled by ﬁne redgrey sands (Layer 001). A small number of specimens (n ¼ 22)
were recovered from the surface of the ridge, occasionally in situ in
Layer 001, during initial survey with two fragments directly on the
surface of the trench. These were situated within desiccation hollows in the upper marls bed.
Given that erosion and re-deposition of fossils is clearly evident
on site and that, in addition to our principal bone-bearing Layer
(005), we identiﬁed small numbers of specimens in Layers 004 and
001, the collection and analysis of surface samples from the basin
may consist of fossils derived from one or more stratum and may
therefore be time-averaged records. We also do not discount the
possibility that further investigation may reveal bone-bearing
strata in lower (i.e. earlier) stratigraphic position than our investigations have shown to date.
3. Preliminary observations of vertebrate remains in Layer
005
Layer 005 was the principle bone-bearing layer that we identiﬁed at the site (Fig. 4A; Table 1). Bones were distributed patchily
throughout a c. 20e30 cm deep layer of unconsolidated sand. A
total of 91 specimens (a complete bone or fragment thereof) was
recovered from an area of 19 m2 in the trench, with an average
density of ﬁve specimens per m2. Preservation was excellent
although the fossils were mineralised and showed moderately
frequent evidence of iron staining. Weathering, breakage and
erosion of articular surfaces was minimal (Behrensmeyer's (1978)
weathering stage 1). At present, no cut marks or any other taphonomic character that may suggest anthropogenic mechanisms of
accumulation have been detected on any recovered specimen.
Bones of artiodactyls (attributable to the Bovidae) dominate the
assemblage in Layer 005 (NISP ¼ 83), including multiple specimens
that were recovered in close association and derived from single

individuals (Fig. 5). Dental remains were robust and hypsodont and
a preliminary analysis (conducted at the Oxford University
Museum of Natural History) suggest an attribution to Oryx sp.
Thomas et al. (1998) also reported a relative abundance of bones
from this genus in their sample from Ti's al Ghadah.
A small number of elements from the Carnivora were attributable to Vulpes sp. (NISP ¼ 3) and include a fragment of frontal, a
fragment of a sacrum and possibly, a thoracic vertebra. Thomas
et al. (1998) also report specimens from this genus from the site.
The felid bone, a right metacarpal IV (TAG13/097; Fig. 6), was
recovered from the interface between Layers 005 and 004 during
section cleaning but can be assigned to Layer 005 on the basis of
preservation. This specimen is treated in detail in section 5.
Notably, two specimens attributable to the Elephantidae were
recovered in situ in Layer 005. Thomas et al. (1998) reported
specimens that were tentatively attributed to cf. Palaeoloxodon
(Elephas) recki from their “locality 3” (Table 1; Fig. 1B) although the
chronostratigraphic afﬁnity of this material is not clear. Thus, the
new ﬁnds at Ti's al Ghadah represent Pleistocene-age remains of
the Elephantidae recovered in a secure stratigraphic context.
A tusk (TAG13/052), c. 2.2 m in length and 0.17 m in maximum
diameter was exposed in Layer 005 during cleaning of the southeast facing section. This specimen was stabilised in situ before
removal and is now the subject of conservation by the SCTA. A
complete right carpal III (“magnum”, TAG13/104), clearly from a
large elephant, was also recovered in situ in Layer 005 in the Trench
1.
While carpal bones from elephants have been regarded as useful
for the purposes of taxonomic diagnosis, considerable intraspeciﬁc
variation in morphology has been noted; the morphology of the
carpals reﬂect physical stresses associated with supporting the
considerable weight of the anterior skeleton and may vary as a
function of intraspeciﬁc variation, sex and e potentially e adaptations to local environmental conditions, as well as phylogeny
(Dubrovo and Jakubowski, 1988; Palombo and Villa, 2003). However, our initial comparisons with reference material of modern
Loxodonta and Elephas at the Oxford University Museum of Natural
History, and with palaeontological specimens of at the Natural
History Museum, suggest that the Nefud specimen derived from a
large elephant and may be attributable to the extinct genus
Palaeoloxodon. This genus is also known from early and Middle
Pleistocene contexts in the Levant (see Lister et al., 2013).
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Fig. 5. Recording bovid remains (Oryx sp.) in situ in Layer 005 in Trench 1 at Ti's al Ghadah.

Non-mammalian bones were also recovered in Layer 005. A
complete left tarsometatarsus (TAG13/038) was identiﬁed utilising
the comparative collections at the Natural History Museum and is
attributable to a small grebe (Podicipediformes) of the genus
Tachybaptus. The Nefud specimen is shorter, but proportionally
more robust than comparative material from European Tachybaptus
ruﬁcollis. Two, as yet unidentiﬁed, mid dorsal vertebrae from the
Reptilia (Squamata) were also recovered.
In the context of a ~1 km ridge deposit, our investigations were
relatively small in terms of scale (Fig. 2) and sample size. However,
the principal ﬁnding of this work has been to demonstrate the
potential of Ti's al Ghadah to yield well preserved remains of
Pleistocene vertebrates that are, critically, in a secure stratigraphic
context. Our surveys indicate that the principal bone-bearing
(Layer 005) extends at least 300 m NW along the ridge from
Trench 1 (and likely extends much further than this) and will be
subject of further systematic investigation, as will the ongoing

work to reﬁne our understanding of the chronological and palaeoenvironmental context of the fauna.
4. Identiﬁcation of TAG13/097 e materials and methods
The identiﬁcation of TAG13/097 employed comparative
morphology and morphometrics. Morphological comparisons were
conducted with specimens of Panthera pardus, Panthera tigris, P. leo
and Puma concolor (Oxford University Museum of Natural History e
OUMNH) and with anatomical descriptions and plates for Megantereon cultridens (Christiansen and Adolfssen, 2007), Dinofelis spp.
(Werdelin and Lewis, 2001) Homtherium spp. (Naples et al., 2011),
Puma pardoides (Madurell-Malapeira et al., 2010), Acinonyx pardinensis (Hemmer et al., 2011), P. leo, P. pardus (Baryshnikov, 2011),
n, 1973) and P. gombaszogensis
Panthera onca augusta (Kurte
sio, 1986; O'Regan, 2002). Morphometric comparative data
(Balle
(including, wherever possible, male and female and Pleistocene

Fig. 6. TAG13/097 complete right Metacarpal IV, (A) dorsal aspect, (B) lateral aspect, (C) ventral aspect, and (D) medial aspect.
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and Recent records) for P. pardus, P. onca augusta, P. leo, P. tigris, P.
gombaszogensis, M. cultridens, A. pardinensis, P. concolor and P.
pardoides were compiled from reference specimens and the litern, 1973; O'Regan, 2002; Christiansen and
ature (Hooijer, 1947; Kurte

Adolfssen, 2007; Sardella et al., 2008; Martínez-Navarro et al.,
2009; Madurell-Malapeira et al., 2010; Baryshnikov, 2011; Hemmer et al., 2011; Diedrich, 2013). Details of comparative morphometric data are shown in Table 2.

Table 2
Morphometric data for the fourth metacarpal of extinct and extant large felids.
Specimen ID

Description

Taxon

GL

Bp

Dp

MTD

MAPD

Bd

Dd

Source

TAG13/97
UB 167 (Ubeidiya)

right Mc IV
Mc IV

TAG13/097
P.cf. gombas.

88.72
97.1

17.16
17.9

19.14
21.2

11.40
12.1

11.74
11.9

17.3
18.1

18.04
18.6

Olivola IGF 4347

Mc IV

P. gombas.

78.7

16

/

11.6

/

14.7

/

W-s-M
W-s-M M51500
Gombasek- M1
TD e 8 Ata94 t.29

Mc
Mc
Mc
Mc

P.
P.
P.
P.

89.9
90.2
81.3
100

17.2
16.7
15.1
19.6

19.5
/
18.2
/

11.1
12.8
11.2
14.2

/
/
/
/

18.5
19.4
17.5
18.8

/
/
/
/

Kenya fem -12319

Mc IV

P. leo

102.6

16.7

/

12

/

18.2

/

Kenya fem

Mc IV

P. leo

98

16.8

/

12.1

/

17.2

/

N ¼ 18
/
OUMNH e 14200
OUMNH e 14201
OUMNH e 14298
OUMNH- 14239
OUMNH-14235
OUMNH e 14291
Java
N ¼ 16
ZIN 36454 (Kudaro)
ZIN 36449 (Kudaro)
Equi Cave 1
Equi Cave 2
Equi Cave 3
Equi Cave 4
Equi Cave 5
Hortus Cave (MIS 4)
Karain Cave (MIS5e)
Vjetrenica Cave (MIS
Vjetrenica Cave (MIS
Vjetrenica Cave (MIS
Vjetrenica Cave (MIS
Vjetrenica Cave (MIS
OUMNH e 14225
OUMNH e 14223
AMNH 18698
Java-recent
Sumatra-recent
/
Vladivostok
TMM 1295
TMM 40673-65
UF 2137
UF 2137
UF 2137
UF 2137
UF 2137
UF 2137
UF 2137
AMNH 11787
AMNH 11786
Lezetxiki, Spain

Mc IV
McIV
right Mc IV
left Mc IV e male
right Mc IV e female?
right Mc IV
left Mc IV e female
right Mc IV e female
McIV
Mc IV
Mc IV
Mc IV
Mc IV
Mc IV
Mc IV
Mc IV
Mc IV
K10 10 513
99 16H 30 142
VJET 96
VJET 127
VJET 228
VJET 326
VJET 329
right Mc IV
right Mc IV
McIV e Pleistocene
Mc IV
Mc IV
Mc IV
Mc IV
right Mc IV
left Mc IV
left Mc IV
left Mc IV
right Mc IV
right Mc IV e juv
right Mc IV e juv
right Mc IV
right Mc IV
right Mc IV
right Mc IV
Mc IV

P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.
P.

(90.-113.5)
110e136
100.28
113.4
99.76
62.58
60.19
60.18
61,63
66.31 (58e80)
/
/
68.8
69
69
69.4
78
77
70.4
73.1
74.4
71.5
68.4
68.9
110.36
103.44
130
108e115
108e115
119
130
83
89
97
93
92
/
/
/
/
85
91
125.8

/
22e27
18.08
21.44
17.48
11.82
10.64
/
/
/
14.6
14.6
/
/
/
/
/
/
/
/
/
/
/
/
20.24
21.2
28
21e22
19e23
22e23
22
16.7
17.5
18.5
16.2
17.2
16
15.8
15.7
15
19.7
/
/

/
26e34
20.99
24.18
22.27
14.46
13.22
/
/
/
17.6
18.8
/
/
/
/
/
/
/
/
/
/
/
/
24.4
23.58
34
26e27
23e27
26e28
28
20
21.1
/
/
21.1
/
/
/
/
21.3
/
/

/
13e17
12.83
14.78
13.16
8.4
7.82
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
14.27
13.34
18
12
12,13
10,11
12
11.5
12.2
14.1
11.8
11.8
11.5
12.5
12.8
11.2
12.9
13
/

/
/
12.47
13.03
12.03
8.23
6.54
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
12.24
12.76
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

/
17e24
18.32
21.41
16.75
11.85
11.08
/
/
/
/
/
13
13
13
13
14.5
14.6
13.5
14.6
14.3
15.5
12.7
13.5
21.26
20.4
25
18e19
18e20
18
21
18
19.3
20.4
17.8
18.2
/
/
/
/
18.8
23.5
/

/
/
19.27
21.91
18.47
12.73
10.53
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
20.36
21.08
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

McIV
McIV
McIV
Mc IV
right Mc IV
McIV

Meganteron
Meganteron
Meganteron
A. pardinensis
Puma concolor
Puma pardoides

83.41
77
78.7
106.6
72.17
71.4

14.8
15
/
13.1
11.26
12.6

18.6
17.5
/
20
14.59
14.5

10.6
10.5
/
11
7.91
8.3

10.3
10.2
/
11.7
7.88
8.1

17.3
16.5
/
16.6
12.33
14.6

13.85
15.5
/
18.1
13.45
13.4

Palaeodeserts
Martínez-Navarro
et al., 2009
Martínez-Navarro
et al., 2009
O'Regan, 2002
O'Regan, 2002
O'Regan, 2002
Martínez-Navarro
et al., 2009
Martínez-Navarro
et al., 2009
Martínez-Navarro
et al., 2009
sio, 1986
Balle
Hooijer, 1947
OUMNH
OUMNH
OUMNH
OUMNH
OUMNH
OUMNH
Hooijer, 1947
sio, 1986
Balle
Baryshnikov, 2011
Baryshnikov, 2011
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
Diedrich, 2013
OUMNH
OUMNH
Hooijer, 1947
Hooijer, 1947
Hooijer, 1947
Hooijer, 1947
Hooijer, 1947
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
n, 1973
Kurte
Martínez-Navarro
et al., 2009
Sardella et al., 2008
Sardella et al., 2008
Sardella et al., 2008
Hemmer et al., 2011
OUMNH
Madurell-Malapeira
et al., 2010

SE311 e Seneze
G14 e Pirro Nord
ARG 30 e Argentino
DM 2002 (Dmanisi)
OUMNH e 14228
IPS27285

3)
3)
3)
3)
3)

IV
IV
IV
IV

gombas.
gombas.
gombas.
leo

leo
leo
leo
leo
leo
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
pardus
tigris
tigris
tigris
tigris
tigris
tigris
tigris
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
o. augusta
leo

Abbreviations: P. gombas ¼ Panthera gombaszogensis. GL ¼ greatest length of specimen in proximal/distal plane; Bp ¼ Breadth of the proximal articulation; Dp ¼ depth of the
proximal articulation; MTD ¼ minimal transverse diameter of diaphysis, MAPD ¼ diameter of diaphysis: measurement perpendicular to MTD; Bd ¼ breadth of the distal
articulation; Dd ¼ depth of the distal articulation. OUMNH ¼ Oxford University Museum of Natural History.
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A maximum of seven measurements were taken and deﬁned as
follows: GL ¼ greatest length of specimen; Bp ¼ Breadth of the
proximal articulation; Dp ¼ depth of the proximal articulation;
MTD ¼ minimal transverse diameter of diaphysis, MAPD ¼ diameter
of diaphysis: measurement perpendicular to MTD; Bd ¼ breadth of
the distal articulation; Dd ¼ depth of the distal articulation. Measurements were taken by a single observer (CS) using the same set of
analogue dial callipers throughout. Measurements were taken to the
nearest 0.01 mm.
The morphometric characteristics of TAG13/097 were explored
with comparative data through multivariate treatments (following
Hammer and Harper, 2006) by CS using functions in PAST (Hammer
et al., 2001). Parametric testing was discounted as the available data
sets for each species/taxa incorporated male and female and
wherever possible Pleistocene and recent records. All measurements were log-transformed and multivariate data were explored
with Principal Components Analysis (PCA) with 1000 replicate
bootstraps and bivariate plots.
5. Results
5.1. Referred specimen
TAG13/097 is a complete right metacarpal (Mc) IV from a robust
felid (Figs. 6AeD). The specimen is mineralised and almost complete, with a longitudinal crack evident along the dorsal surface of
the diaphysis (maximum width of crack in diaphysis, dorsal
surface ¼ 0.46 mm. Measurement of MTD from TAG13/097 was
11.86 mm and adjusted accordingly to 11.40 mm). There is minor
damage to the proximal ventral edge of the proximal epiphysis
(Fig. 6C) and distal lateral diaphysis and ventral surface of the
epiphysis. There is a well-developed rugose scar situated proximally
on the lateral diaphysis (Fig. 6B) and the distal “sagittal crest” though
damaged on the ventral surface (Figs. 6B, D) is well developed.
TAG13/097 is clearly differentiated by size and morphology from
Puma concolor and Puma pardoides and is shorter, more compact
and much more robust than Acinonyx pardinensis (Hemmer et al.,
2011; n.b. this specimen from Dmanisi was previously assigned to
Panthera gombaszogensis). Homotherium was discounted as available data and ﬁgures suggest that the metacarpals of these felids
are larger and characteristically gracile (Werdelin and Lewis, 2001;
Naples et al., 2011). Available information for Megantereon and
Dinofelis spp. suggests that species within these genera are robust
and similar in size and proportion to extant jaguars, P. onca
(O'Regan et al., 2002; Christiansen and Adolfssen, 2007; Sardella
et al., 2008).
In TAG13/097, the morphology of the proximal articular facets
for Mc III (medial) and Mc V (lateral) differs from Megantereon, in
that the medial articular facet for Mc III is not situated as dorsally or
separated by a deep sulcus (Christiansen and Adolfssen, 2007;
Martínez-Navarro et al., 2009). In Megantereon, the articular facet
for Mc V is not smoothly rounded (Christiansen and Adolfssen,
2007), as is the case in TAG13/097 (Fig. 6B).
The indication of a middle Pleistocene context for Ti's al Ghadah
(Rosenberg et al., 2013) suggests that the presence of Dinofelis sp.
would be unlikely: the known temporal range of the genus ends in
the Early Pleistocene,  1 Ma, with a relatively small species, D.
piveteaui, from Kanam East, Kenya (Werdelin and Lewis, 2001;
Kuhn et al., 2011). Specimens referred to the genus are known
from the Miocene and share characters with the Machairodontinae
and Felinae. While known specimens are generally referred to as
n, 1997), fossil remains suggest a
“jaguar-sized” (Turner and Anto
variation in body size, with a possible reduction in size over time
(Werdelin and Lewis, 2001; Lacruz et al., 2006). The morphology of
the Mc IV for specimens attributed to Dinofelis sp. is not well
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described. The specimen ﬁgured in Werdelin and Lewis (2001) is
pathological. Available morphometric data for fourth metacarpals
attributable to Dinofelis spp. overlap with measurements from the
upper size range of extant jaguars, P. onca (Werdelin and Lewis,
2001; their Figure 41C). Conversely, the equivalent measurements
for TAG13/097 fall within those from larger Pleistocene forms, P.
onca augusta and P. gombaszogensis (see Section 5.2.2).
In terms of gross morphology, TAG13/097 closely matches
available Panthera sp. comparative specimens. TAG13/097 is
markedly larger and more robust than available comparative
specimens for P. pardus, although the available comparative specimens were derived from captive females and are therefore likely to
be smaller and more gracile than wild conspeciﬁcs (e.g. Turner and
O'Regan, 2002; see also; O'Regan and Menter, 2009). Viewed from
the dorsal aspect, the distal edge of the proximal articulation forms
a wide angle (Fig. 6A) and a clearly deﬁned but shallow sulcus
partially bisects the medial and lateral facets of the proximal
articulation; this edge is much straighter in P. pardus and the sulcus
is much less deﬁned (but this may be a function of size/scaling).
From the lateral aspect, the articular facet (with Mc V) appears less
rounded and is compressed proximally in P. pardus whereas in
TAG13/097 this facet is more rounded (Fig. 6B).
TAG13/097 is shorter but not less robust than available reference
material for P. leo. Viewed from the dorsal aspect, the distal edge of
the proximal articulation in P. leo has a more acute angle than in
TAG13/097. A sulcus also bisects the medial and lateral surfaces of
the articulation (as in TAG13/097) but in P. leo the lateral surface of
the proximal articulation extends more dorsally than the medial. In
TAG13/097, the dorsal edge of the lateral and medial surfaces
appear more equal in height. In P. leo the proximal articulation is
also slimmer and elongate in the dorsal/ventral direction: the
proximal articulation is much squarer in TAG13/097.
From the lateral aspect, the proximal articular facet (with Mc V)
is more elongate in P. leo in the proximal/distal direction and more
compressed in the dorsal/ventral direction: in TAG13/097 the
articular facet is rounded.
Viewed from the dorsal aspect, the proximal articulation in
TAG13/097 appears more similar to Panthera tigris than to P. pardus
or P. leo (which appear more similar to each other than they are,
individually, to TAG13/097). However, the proximal articulation is
more elongate in the dorsal/ventral direction in P. tigris; it is much
squarer in the fossil specimen. The lateral articular facet (for Mc V)
is also much more rounded in TAG13/097; it is relatively elongate in
P. tigris and the curvature of the proximal edge of the facet is
“sharper” and much more acute.
From a qualitative morphological perspective, TAG13/097 is
attributable to a robust Panthera sp. and apparently intermediate in
size between P. leo and P. tigris (larger) and P. pardus (smaller and
more gracile). The morphology of the proximal articular surfaces in
TAG13/097 appear closer to P. tigris than to P. leo and P. pardus.
However, the rounded articular facet for Mc V in TAG13/097
(Fig. 6B) differs from all available reference specimens for these
extant species. Descriptions and plates for specimens assigned to P.
gombaszogensis note the rounded curvature of the articular facet for
sio, 1986; O'Regan, 2002). However, morphological
Mc V (Balle
observations of the fourth metacarpal are likely to be ambiguous
for the purposes of differentiation between Panthera sp. (O'Regan,
2002) and morphometrics were employed as a means to explore
differences between taxa.
5.2. Morphometrics
5.2.1. Principal Component Analyses
Principal Component Analyses were performed on four variables (log-transformed GL, Bp, MTD and Bd) with 1000 bootstrap
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replicates. The PCA suggests that the ﬁrst two principal components collectively explain 94.906% of the variance, with 89.601% of
the variance explained by the ﬁrst principal component (PC 1) and
5.305% by the second component (PC 2). The loadings of the original variables for PC 1 are positive and indicate that all four variables contribute (GL ¼ 0.4799; Bp ¼ 0.5696; MTD ¼ 0.4813;
Bd ¼ 0.4622) and are thus interpreted as an indication of overall
size and shape. Conversely, the loadings for PC 2 (GL ¼ 0.8233;
Bp ¼ 0.0992; MTD ¼ 0.5283; Bd ¼ 0.1823) suggest that this
component reﬂects the contrast between overall length (GL) and
transverse diameter of the diaphysis (MTD).
Where sample size permitted (i.e. n ¼ > 2), the data from each
taxon were ﬁtted with convex hulls (Fig. 7). The plot of PC1 and
PC2 on two axes suggests a relatively clear separation between the
data for larger Panthera sp. and those for Puma spp., A. pardinensis
and small specimens of P. pardus (the available data for P. pardus
were not considered representative in this sample and were
investigated further: see section 5.2.2). Data for Megantereon
(discounted on morphological grounds) suggest a similar size and
shape to the Pleistocene jaguar group, which incorporates overlapping data from P. gombaszogensis and P. onca augusta. The
components place TAG13/097 within the overlapping Pleistocene
jaguar group and suggest a relatively clear separation with P. tigris
and P. leo (Fig. 7).
5.2.2. Bivariate plots
The bivariate plot of all available log-transformed measurements for GL and Bd is shown with convex hulls (Fig. 8) and suggests a separation between P. pardus (which includes data from
Pleistocene-age specimens), P. leo and P. tigris and the overlapping distribution for the Pleistocene jaguars, P. onca augusta and
P. gombaszogensis. The bivariate plot locates TAG13/097 with
equivalent data from P. gombaszogensis (Fig. 8).
The bivariate plot of log-transformed measurements Bp and
MTD (Fig. 9) generated less distinct clusters and the available data
for the Pleistocene jaguars (P. onca augusta and P. gombaszogensis)

and P. leo show considerable overlap. However, these data place
TAG13/097 within the overlapping distributions for P. onca augusta
and P. gombaszogensis. These measurements from fourth metacarpals from Dinofelis spp. (n ¼ 4) overlap with measurements from
the upper size range of extant jaguars, P. onca (Werdelin and Lewis,
2001; their Fig. 41C) and available data for Megantereon.
Conversely, the equivalent measurements for TAG13/097 fall within
those from the larger Pleistocene forms, P. onca augusta and P.
gombaszogensis (Fig. 9).
We attribute TAG13/097 to Panthera sp. on the basis of
comparative morphology. Morphometric analyses provide robust
support for the assignment of TAG13/097 to a jaguar-size pantherine. While available sample sizes were limited, the data sets
consistently place the morphometric characters of TAG13/097 with
available data from Pleistocene jaguars P. gombaszogensis and P.
onca augusta. Mindful of conﬂicting taxonomic opinion (Section
6.1) we refer TAG13/097 to P. cf. gombaszogensis.
6. Discussion
Re-investigation of the fossiliferous locality of Ti's al Gadah
identiﬁed well-preserved, stratiﬁed remains of vertebrates in association with lacustrine deposits. Preliminary analyses of specimens from the principal fossiliferous layer that we identiﬁed in
2013 corroborate the observation of Thomas et al. (1998) of a
relative abundance of the bones of Oryx sp., but also include
stratiﬁed specimens attributable to grebe (Tachybaptus sp.), fox
(Vulpes sp.), reptiles and notably an extinct elephant (cf. Palaeoloxodon sp). A detailed analysis is also further evidence of a jaguarsized pantherine, P. cf. gombaszogensis in the Pleistocene of the
Nefud.
6.1. Taxonomy and chronology
The status of fossils attributed to P. gombaszogensis within the
known geographical and temporal range of this taxon in Eurasia is

Fig. 7. Principal Components Analysis (PC1 and PC2) output for log-transformed measurements GL, Bp, MTD and Bd from the fourth metacarpal of four genera (Puma e Pu.;
Panthera e P.; Acinonyx e A. and Megantereon e Meg.) and nine species of large felid. Convex hulls are shown for P. leo, P. tigris, P. onca augusta and P. gombaszogensis. The location of
data for TAG13/097 is annotated.
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Fig. 8. Bivariate plot of log-transformed measurements GL and Bd from the fourth metacarpal of four genera and nine species of large felid (Puma e Pu.; Panthera e P.; Acinonyx e A.
and Megantereon e Meg.). Convex hulls are shown for P. leo, P. tigris, P. onca augusta and P. gombaszogensis. The location of data for TAG13/097 is annotated.

Fig. 9. Bivariate plot for log-transformed measurements Bp and MTD from the fourth metacarpal of large felids (Puma e Pu.; Panthera e P.; Acinonyx e A. and Megantereon e Meg.).
Convex hulls are plotted for taxa where n > 2. The location of data for TAG13/097 is annotated. Data for Dinofelis (Dino.) were interpolated from Werdelin and Lewis, 2001, their
Figure 41C.

the subject of debate (Christiansen, 2008; Hemmer et al., 2010;
Marciszak, 2014). These extinct felids are likely to be closely
related to the Pleistocene New World jaguars P. onca augusta and
n, 1973). Taxonomic treatments
their extant descendants (Kurte
vary from single species referrals to P. gombaszogensis, where
morphological variations observed in fossil remains are cited to be
a function of intraspeciﬁc variation and sexual dimorphism (e.g.

O'Regan and Turner, 2004; Marciszak, 2014), to the suggestion that
“P. gombaszogensis” is an arbitrary taxon that incorporates fossils of
multiple species (Christiansen, 2008).
A recent study of Eurasian material did not ﬁnd there any
compelling evidence of change in size over time, which precludes
size as a potential biochronological marker (Marciszak, 2014).
However, differential dental characters have been proposed to
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indicate a set of chronological sub-species (Hemmer et al., 2010).
Hemmer et al. (2010) present a logical case for attribution to the P.
onca species group (where gombaszogensis is a given sub-species
status). The Eurasian material is proposed to consist of the
archaic P. onca toscana giving rise to P. o. georgica (c. 1.77 Ma from
Dmanisi) and then diverge into Eurasian P. o. gombaszogensis and
New World P. o. augusta, where the extant P. onca is the only living
representative (Hemmer et al., 2010).
While this new specimen may be seen further evidence of the
presence of the Eurasian jaguar in the Pleistocene of the Nefud, as
suggested by Thomas and colleagues, the bimodal TT-OSL date reported from Ti's al Ghadah (Rosenberg et al., 2013) indicates that it
would be one of the latest known occurrences (O'Regan, 2002;
Marciszak, 2014) and a rather late, Middle Pleistocene record for
this taxon in the Arabian Peninsula.
Given the relatively small sample size and poor taxonomic
resolution of the vertebrate fauna presently known from Ti's al
Ghadah it is difﬁcult to infer an age on biostratigraphical
grounds. There is no compelling biostratigraphical argument in
support of the Early Pleistocene age suggested by Thomas et al.
(1998). Although the remains of Equus sp. from the site were
compared with similarly robust fossils recovered from East Africa, and the remains of Oryx sp. and other bovids are reported to
be a distinct, possibly archaic species, these are unconﬁrmed. We
understand that the Thomas collection is curated in Saudi Arabia
although access has not been established. A review of this
collection would shed further light on these taxa and be an aid to
estimating the age of the site. The elephant remains excavated in
2013 have not yet been conﬁdently identiﬁed and so this
potentially critical taxon cannot be included in a biostratigraphical review.
The only other species described from the site that might indicate an Early Pleistocene age is therefore Panthera cf. gombaszogensis, although records of this species in southwest Asia are
extremely rare. Eurasian jaguar fossils are known from Early
sio,
Pleistocene contexts in the Levant, at the site of ‘Ubeidiya (Balle
1986; Martínez-Navarro et al., 2009) and P. onca georgica is
described further north in Dmanisi (Hemmer et al., 2010). However,
Middle Pleistocene occurrences have been reported in the Kudaro
caves to the north of Dmanisi, from deposits correlated with MIS 11
(Baryshnikov, 2011). Thus, while the records are temporally and
geographically disparate, this new record at Ti's al Ghadah is
compatible with the late Middle Pleistocene age for the site provided by Rosenberg et al. (2013).

periodic formation of large standing bodies of water, as evidenced
by the lacustrine deposits and the presence of large ﬁsh remains.
The grebes (Podicipedidae) have strong aquatic afﬁnities (e.g.
Fjeldså, 2004) and the stratiﬁed evidence of a small grebe (Tachybaptus sp.) reported here is suggestive of the presence of a body of
water that was broadly contemporaneous with the formation of the
bone bed in Layer 005.
The majority of the remains of bovids appear to be attributable
to the genus Oryx, which includes remarkably drought-tolerant
species (e.g. Ostrowski et al., 2006). However, the presence of
specimens from the Elephantidae, possibly Palaeoloxodon sp., is
suggestive of a sufﬁcient biomass of plant matter and productivity
to support very large mammals and potentially, sources of palatable, non-fouled water. While extant African elephants (Loxodonta
africana) are known from the arid habitats in the deserts of
Namibia, these animals show a marked afﬁnity for riverine and
seasonally available ﬂoodplain habitats (Viljoen, 1989a, 1989b) and
actively seek clean, non-fouled water supplies, through the digging
of “wells” (Ramey et al., 2013).
Key habitat features such as water-holes also affect carnivore
movements (Valeix et al., 2010) and the presence of a Pleistocene
jaguar suggests that these habitats were sufﬁciently productive to
attract populations of prey animals.
The equation of Hemmer et al. (2011) for estimating body mass
from MTD measurements of the fourth metacarpal suggests a
body mass of ~105 kg kg for TAG13/097. This estimate exceeds, by
a wide margin, the lower threshold of 21.5 kg for obligate vertebrate carnivory (Carbone et al., 1999) and lend support that the
environment at Ti's al Ghadah was, at least periodically, sufﬁciently productive to support a biomass of vertebrate prey to
attract a large terrestrial predator. Indeed, in African savannah
ecosystems it has been shown that predatoreprey relationships
are related to rainfall and vegetation productivity and while the
density of a given carnivore species can vary over orders of
magnitude, density is generally a function of the abundance of
available prey biomass (within the predator's preferred weight
range) and the presence of other carnivores (Hayward et al.,
2007). The general relationship between predator and prey density is consistent across the order Carnivora, where 10 000 kg of
prey supports about 90 kg of a given carnivore species (Carbone
and Gittleman, 2002).

6.2. Palaeoecological implications

Given the current paucity of well-constrained (chronological)
vertebrate records from the Arabian Peninsula, recent reinvestigation of Ti's al Ghadah and the identiﬁcation of stratiﬁed
vertebrate remains has clearly shown the potential of this site to
play in furthering our understanding of the diversity, biogeography
and palaeoecology of Pleistocene vertebrates in the Nefud desert.
The identiﬁcation of stratiﬁed bone-bearing strata is a critical step
towards the establishment of well-constrained Quaternary frameworks for the Nefud and Arabian Peninsula as a whole, which are
critical to our understanding of Pleistocene hominin dispersal and
environments throughout this region.
A detailed analysis also provides further evidence of a jaguarsized pantherine, which we refer to P. cf. gombaszogensis, in the
Pleistocene of the Nefud. The available chronological evidence
indicates that this would be a late, Middle Pleistocene record for
this taxon in the Arabian Peninsula. We infer that the environment
at Ti's al Ghadah, at present believed to date to MIS 9, was sufﬁciently productive to attract medium-sized to very large herbivores and a biomass of vertebrate prey to support an obligate
carnivore.

It has been proposed that Eurasian jaguars were (evolutionarily)
long-lived and adaptable predators, capable of exploiting a variety
of different habitats across their known geographical and temporal
range (e.g. Marciszak, 2014). Indeed, extant jaguars, before their
relatively recent reduction in range in the New World, were
apparently capable of exploiting a range of habitats and prey-bases
and exhibited a range of body sizes as a function of different habitat
types (Hoogesteijn and Mondolﬁ, 1996). Thus, if the extant P. onca is
applied as an analogue (see also O'Regan, 2002), the presence of the
Eurasian jaguar in the Pleistocene at Ti's al Ghadah cannot necessarily be considered indicative of speciﬁc habitat types. However,
the current palaeoenvironmental evidence from Ti's al Ghadah
permits the following inferences.
An analysis of 13C isotopic signatures in the tooth enamel of
specimens collected by Thomas and colleagues is suggestive of the
consumption of a C4-plant diet by herbivorous taxa and the presence of an open savannah environment (Thomas et al., 1998). This
habitat developed during periods of increased wetting and the

7. Conclusion
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