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Abstract: A new deer species, Praeelaphus australorientalis sp. nov., is described from the Kuchurgan 
beds dated back to the Lower Pliocene (European Lang Mammal Zones MN14 – beginning of MN15). 
The new species is characterized by a small “Dama-like” body size, relatively short braincase with 
respect to its breadth, and advanced morphology of four-pointed antlers. The morphological affinities 
and the systematical position of the new species and the genus Praeelaphus as a whole are discussed. 
The article also proposes a discussion of the Early Pliocene deer dispersals that changed the systematic 
composition of cervids in Western Eurasia and the palaeobiogeography of the subfamily Cervinae in 
Western Eurasia and the Indian Subcontinent. The dispersal capacity in plesiometacarpal cervids is 
regarded as an evolutionary advantage correlated to the body size exceeding the body mass threshold 
of ca. 60 kg.

Key words: Taxonomy, Praeelaphus, Cervinae, Kuchurgan gravel, body size, dispersal, palaeozoo-
geography.

1. Introduction

Early Pliocene cervids of Eastern Europe were the sub-
ject of several studies (Janovskaya 1954; Czyzewska 
1968; korotkeviCh 1970; vislobokova 1990; Croitor 
1999; Croitor & stefaniak 2009), however, some tax-
onomic, systematic, evolutionary, and palaeobiogeo-
graphic questions remain unanswered. The Kuchurgan 
fluviatile deposits from the Odessa Region of Ukraine 
yielded one of the most important collection of Early 
Pliocene (MN14 – beginning of MN15) cervid remains 
in Eastern Europe (korotkeviCh 1970, 1988; Pevzner 
et al. 1996; vangengeim et al. 1998). The Kuchurgan 
fluviatile deposits are confined to the watershed of 
Dniester and South Bug rivers and are exposed mainly 
on the flanks of the Kuchurgan River. These deposits 
represent medium and fine-grained sands with abun-
dant lenses of gravel and pebbles (Pevzner et al. 1996). 
Actually, “Kuchurgan” includes no less than a dozen of 

localities and, according to Pevzner et al. (1996), spans 
a considerable time interval and can be subdivided in 
greater detail. Based on micromammals and magnetic 
polarity, Pevzner et al. (1996) gave the exact biochro-
nology for only two fossiliferous sites from the south-
ern part of Kuchurgan deposits: Novaya Andriashevka 
(upper part of MN14) and Grebeniki-2, which is placed 
at the lower boundary of the Cochiti Subchron (the fi-
nal stage of MN14). Large mammal remains come from 
the so-called “Kuchurgan gravel”, which is placed in 
the upper part of MN14 and the initial part of MN15 
(vangengeim et al. 1998).

The opinions on the taxonomic content of the cervid 
assemblage from Kuchurgan deposits remain contra-
dictory. korotkeviCh (1970, 1988) and Pevzner et al. 
(1996) recognized in the composition of the Kuchurgan 
faunas several cervid species: Muntiacus pliocaenicus 
korotkeviCh, 1965, Eostyloceros pidoplitschkoi ko-
rotkeviCh, 1964, Pliocervus kuchurganicus korotkev-
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iCh, 1965 (Paracervulus kuchurganicus fide Pevzner 
et al. 1996), Croizetoceros ramosus (Croizet & Jobert, 
1828), Procapreolus cf. cusanus (Croizet & Jobert, 
1828), and Paracervulus australis (de serres, 1832).

The revision of Early Pliocene cervid material from 
Eastern Europe carried out by Croitor & stefaniak 
(2009) reduced the list of cervid species from Kuchur-
gan deposits to only four (Procapreolus moldavicus, 
Muntiacus pliocaenicus, Eostyloceros pidoplitschkoi, 
Paracervulus australis). The antler fragments earlier 
described as Procapreolus cusanus, Procapreolus cf. 
cusanus, and Pliocervus kuchurganicus, according to 
our opinion, represent various stages of antler devel-
opment of the Capreolinae deer Procapreolus molda-
vicus (Janovskaya, 1954). This hog-deer-sized cervid 
was originally described by Janovskaya (1954) as a 
transitional form between the primitive Late Miocene 
Cervavitus and true modern Cervus, Cervus (Rusa) 
moldavicus. However, a revision of the holotype of 
Janovskaya’s species (a partial juvenile female skeleton) 
revealed inaccuracies in the type skull restoration that 
caused misinterpretations of cranial morphology and 
wrongly defined systematic position (Croitor 1999). 
The cranio-dental morphology of Janovskaya’s deer 
suggests that this is a primitive telemetacarpal deer of 
the genus Procapreolus (Croitor 1999). korotkeviCh 
(1970: 130) failed to distinguish lower mandibles and 
postcranial bones of “Pliocervus kutchurganicus” and 
Procapreolus from Kuchurgan. Hence, the presence in 
the fauna from Kuchurgan deposits of a single small- 
to medium-sized species Procapreolus moldavicus is 
also supported by the uniformity of cranio-dental and 
postrcranial cervid material from Kuchurgan. 

Croizetoceros ramosus from the Kuchurgan fauna 
was mentioned by Pevzner et al. (1996) with an errone-
ous reference to korotkeviCh (1988). Actually, korot-
keviCh (1988) does not mention Croizetoceros in the 
Kuchurgan faunas and therefore this species should be 
excluded from the faunal list of this site. Even more, at 
present any hard evidence for the presence of Croize-
toceros ramosus in Eastern Europe is still missing 
(Croitor & stefaniak 2009).

The muntjac-like small-sized cervids “Muntiacus” 
pliocaenicus and “Eostyloceros” pidoplitschkoi, appar-
ently represent the local (European) radiation of dicro-
cerine deer (Croitor & stefaniak 2009). These species 
from the Kuchurgan deposits are still poorly known, 
since they are based on a few poor proximal fragments 
of antlers with pedicles and frontal bones. The differen-
tial characters between “Muntiacus” pliocaenicus and 
“Eostyloceros” pidoplitschkoi are limited to the relative 

length of pedicles (korotkeviCh 1970) and may simply 
represent two ontogenetic stages of one and the same 
cervid form: young individuals with relatively long 
pedicles are described as “Muntiacus” pliocaenicus, 
while older individuals with relatively short pedicles 
are known as “Eostyloceros” pidoplitschkoi (Croitor 
2014). The taxonomy and phylogenetic relationships of 
Paracervulus australis from the Kuchurgan deposits, 
based on a right two-tined antler with high position of 
bifurcation and relatively short and thin pedicle (ko-
rotkeviCh 1970: 180, fig. 7), remains open. Therefore, 
the cervid fauna from Kuchurgan deposits includes 
the capreoline Procapreolus moldavicus (Janovskaya, 
1954), represented by remains of various ontogenetic 
stages, the dicrocerine “Eostyloceros” pidoplitsch-
koi korotkeviCh, 1964, the Muntiacus-like cervid 
“Muntiacus” pliocaenicus korotkeviCh, 1965, if this 
does not represent a juvenile form of the former cervid 
species, and the poorly known Paracervulus australis 
(de serres, 1832).

The present work deals with the description of a 
new fallow-deer-sized cervid form from the Kuchurgan 
deposits. The fossil specimen under study is a well-
preserved braincase with partially preserved antlers 
retrieved from the outcrops situated near the village 
Velikoploskoe, Odessa Region, Ukraine (Fig. 1). The 
gravel pieces encrusted on the surface of the skull 
suggest that the specimen delivers from a fossilifer-
ous gravel lens of the Kuchurgan fluviatile deposits. 
Unfortunately, a more exact stratigraphic information 
in unavailable.

2. Research method and material
The antlered braincase OF24995 from Velikoploskoe (= Ve-
lykoploske [in Ukrainian]; = Velikoe Plioskoe [in Russian]) 
is at display in the public exhibition of the Palaeontological 
Section of the National Museum of Ethnography and Natu-
ral History, Chișinău (Moldova). Comparative fossil mate-
rial includes the cervids from the Lower Pliocene sites of 
Malușteni, Romania (curated at the Institute of Speleology 
“Emil Racovița”, Bucharest, Romania) and Weze-1, Poland 
(curated at the Institute of Zoology, University of Wrocław, 
Poland), as well as the Villafranchian cervid remains from 
Perrier-Etouaires, France (curated at the National Museum of 
Natural History, Paris, France), and Ponte a Elsa and Olivola, 
both sites in Italy (curated at the Museum of Geology and Pa-
laeontology, University of Florence, Italy). The craniometrics 
data of Megacervocerus rhenanus from Ceyssaguet (collec-
tion numbers are indicated with CEY: Table 2) are adapted 
from Croitor (2006).

The type material of the following species was directly 
studied and measured:
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Cervus perrieri Croizet & Jobert 1828 (neotype: a right 
almost complete antler attached to frontal pedicle, no collec-
tion number; the National Museum of Natural History, Paris; 
designated, figured and described in heintz 1970);

Cervus warthae Czyzewska 1968 (holotype: a damaged 
skull without antlers of a young adult male, Nr. 1; the Insti-
tute of Zoology of the University of Wroclaw, Poland);

Pseudodama lyra azzaroli 1992 (holotype: a frontlet of 

young male bearing a pair of complete antlers, IGF1933v; 
Museum of Geology and Palaeontology, University of Flor-
ence);

Cervus pardinensis Croizet & Jobert 1828 (neotype: a 
left almost complete shed antler, no collection number; the 
National Museum of Natural History, Paris; designated, fig-
ured and described in heintz 1970).

The skulls of other fossil and modern deer used in the 

Fig. 1. Geographical location of the Velikoploskoe site (indicated by asterisk).
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present study as comparative material are curated at the fol-
lowing palaeontological and osteological collections: the 
Geological and Palaeontological Museum of University of 
Florence (labelled with acronym IGF); the Zoological Mu-
seum “La Specola” of the Natural History Museum of Flor-
ence (collection numbers start with “C”); the Natural History 
Museum of London (collection numbers start with “BM”); 
the National Museum of Natural History, Paris (collection 
numbers are marked here with “P”); the National Museum 
of Ethnography and Natural History (NMENH) (Table 2).

The estimation of relative length of the neurocranium 
proposed in the present work is based on the ratio between 
bregma-opisthocranion length and maximal braincase width 
in females of braincase or braincase with behind pedicles in 
males. Those measurements are easily available in fragment-
ed cranial material and hardly depend on the ontogenetic 
developmental stage, since the chosen craniometrics points 
are stable. According to mystkowska (1966), the breadth of 
the neurocranium and bregma-opistocranion length are the 
most stable measurements in modern red deer and increase 
constantly and slowly during the animal’s life. The sexual di-
morphism in the relative braincase length is poorly expressed 
in mature age group of modern red deer (mystkowska 1966). 
The frontal breadth may be influenced by divergence and ro-
bustness of pedicles that change with animal’s age and there-
fore is onthogenetically biased and unsuitable for relative 
braincase calculation. The relative length of the neurocra-
nium as calculated as the ratio between the braincase width 
measured behind pedicles and the bregma-opistocranion 
length is accepted here to describe braincase shape.

The ratio between frontal breadth and braincase breadth 
is another character studied here. The cranial anatomical 
points used in this study are adapted from vislobokova 
(1990). The body mass estimation based on cranial measure-
ment variables used for species characterizations is adapted 
from Janis (1990).

3. Systematic palaeontology

Family Cervidae goldfuss, 1820
Subfamily Cervinae goldfuss, 1820

Genus Praeelaphus Portis, 1920

Genus definition (after Croitor 2012, modified): Deer of 
the size of modern European red deer and fallow deer. Ped-
icles of moderate length (postero-median length of pedicle 
in adult males does not normally exceed its diameter) and 
slightly compressed antero-posteriorly. Fully grown antlers 
are large relatively to the animal size, four-pointed. The first 
tine is situated above the burr at a distance larger than the 
diameter of the antler base. The antler beam often forms 
well-expressed flattened extensions in the areas of ramifica-
tion. The transversal section of the beam below the second 
tine is not regular, often pyriform or ovoid. The beam above 
the second tine is significantly compressed and forms an 
extended flattening with frontal or parasagittal orientation. 
Correspondingly, the distal bifurcation may be oriented in 

the frontal or parasagittal plane. The dentition is primitive: 
P4 is generally simple, with a low degree of molarization, the 
lower premolar series is relatively long compared to molars 
and longer than in Cervus and Dama.

Type species: Cervus perrieri Croizet & Jobert, 1828 (= 
C. etueriarum Croizet & Jobert, 1828; = C. issiodorensis 
Croizet & Jobert, 1828); MN16b, France (see heintz 1970 
for the neotype designation, the emended diagnosis, and the 
description).

Taxonomical remarks: Portis (1920: 133) proposed the 
subgenus Cervus (Praeelaphus) for the Early Villafranchian 
species C. arvernensis Croizet & Jobert, 1828, C. perrieri 
Croizet & Jobert, 1828, and C. etueriarum Croizet & Job-
ert, 1828.

Pomel (1853) published the first brief description of deer 
species (Cervus perrieri, C. etueriarum, and C. issiodoren-
sis) based on fossil remains from Perrier figured by Croizet 
& Jobert (1828). According to heintz (1970), Cervus etue-
riarum is based on juvenile antlers of C. perrieri, however, 
he did not find in the collection stored in Paris any antler that 
rigorously correspond to the specimens figured by Croizet & 
Jobert (1828). heintz (1970) found in the collection stored in 
Paris one specimen (a complete antler) belonging to C. issio-
dorensis and figured by Croizet & Jobert (1828: pl. 1 [27], 
fig. 1). According to heintz (1970), this antler represents a 
morphological variant of C. perrieri. There are two other 
specimens labelled as types of C. issiodorensis Croizet & 
Jobert, 1828 and stored in the collection of Palaeontological 
Museum of the University “Claude Bernard” Lyon 1. The 
basal part of a right shed antler Nr. 211214 from Lyon per-
fectly corresponds to the figure 2 on pl. 1 [27] in Croizet & 
Jobert (1828). Its measurements are very close to those of the 
neotype of C. perrieri (Table 1). The measurements of the 
right astragalus Nr. 211205 (Croizet & Jobert 1828: fig. 14, 
pl. 2 [28]; L max = 60.1 mm, DLM dist = 37.8 mm) are very 
close to the mean values of the perrieri-ardei sample from 
Etouaires described in heintz (1970). Some other remains 
ascribed to C. issiodorensis, in the opinion of feJfar et al. 
(2016: fig. 7b) belong to Metacervocerus pardinensis. Cer-
vus arvernensis, which also was included by Portis (1920) 
in Praeelaphus, apparently, is a name created by bravard 
but never published and described afterwards (lesson 1836: 
259). Pomel (1853: 112) did not give a definition for this spe-
cies name, since, according to his opinion, “C. arvernensis 
est connu par des bois trop irréguliers pour ne pas être ano-
maux; l’espèce est incertaine”.

heintz (1970) placed Cervus perrieri in the arbitrary 
group Cervus sensu lato, therefore the question of its sys-
tematical position remained open. Cervus (s. l.) perrieri is 
a plesiometacarpal deer with archaic “Rusa-like” cranial 
morphology but with quite advanced and specialized antlers 
(heintz 1970; Croitor & stefaniak 2009) that, apparently, 
does not belong to the lineage of the true modern Cervus 
elaphus and therefore a new taxonomical solution was pro-
posed (Croitor 2012): the genus Praeelaphus Portis, 1920 
with its type species Cervus perrieri. Praeelaphus includes 
archaic Pliocene and Pleistocene deer from Western Eurasia 
and belongs to the early evolutionary radiation of the Cervi-
nae group. grubb (2000) supposed that Praeelaphus Portis 
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may be synonymous with Metacervocerus dietriCh, how-
ever, these genera (originally established as subgenera) are 
based on two different valid and recognized species: Cervus 
perrieri and C. pardinensis, respectively. Therefore, Portis’ 
Praeelaphus is an available genus name, with Cervus per-
rieri as its type species.

Besides Praeelaphus perrieri from the Early Villafran-
chian of France, the genus also contains Praeelaphus lyra 
(= Pseudodama lyra azzaroli, 1992) from the Early Vil-
lafranchian of Italy based on an antlered frontlet of a young 
individual and Praeelaphus warthae (Czyzewska, 1968) 
from the Ruscinian assemblage of Weze-1, Poland. The Pol-
ish species is characterized by a somewhat smaller body size 
and is based on a poorly preserved skull of a young male 
associated with very fragmented antler remains (Croitor & 
stefaniak 2009). The close affinity between Praeelaphus 
warthae and Praeelaphus perrieri is demonstrated by antler 
fragments from Weze-1: antler beam fragments with irregu-
lar (“pyriform” according to heintz 1970) shape of transver-
sal section, flattened extensions in the area of ramifications, 

and a frontally oriented flattened distal portion of the antler 
with perpendicularly set with respect to the beam flattening 
middle tine (Croitor & stefaniak 2009).

azzaroli (1992) regarded Pseudodama lyra from the 
Early Villafranhcian of Ponte a Elsa as a quite advanced 
representative of the genus Preudodama that included sev-
eral small-sized “Dama-like” deer from the Late Pliocene 
and the Early Pleistocene of Europe. The original definition 
of azzaroli’s species was based only on general antler con-
struction. The incipient third ramification of the left antler in 
Pseudodama lyra was regarded as a distinguishing character 
of this species (azzaroli 1992). The rather superficial defini-
tion of the species from Ponte a Elsa provoked contradictory 
opinions. de vos et al. (1995) regarded Pseudodama lyra as 
a junior synonym of Cervus rhenanus (= Metacervocerus 
rhenanus). Croitor (2006) included Pseudodama lyra in 
the synonymy of Cervus nestii (azzaroli, 1947) taking into 
account the insipient frontally oriented third ramification in 
combination with the apparently juvenile age of the holotype 
IGF1394v of Pseudodama lyra. However, a more careful 

Table 1. Measurements of the type material (skulls and antlers) of species included here in the genus Praeelaphus and 
compared to the additional material discussed in the article.

Measurements

Praeelaphus australorientalis P. lyra
Ponte a Elsa, 

IGF1933v, holotype

P. cf. lyra, 
Olivola,
IGF1378

P. warthae
Weze

P. perrieri, 
Etouaires

Velikoploskoe, 
OF24995, holotype

Beresti, 
Nr. 231 Nr. 1, 

holotype Nr. 362
neotype Nr. 

211214
sin dx dx sin dx sin dx dx

H of first ramification 105.0 65.8 61.7 69.5 82.7 77.0

L between first and second ramifications 78.0 480.0 455.0 420.0 393.0

L between second and third ramifications 235.0 350.0 320.0 215.0

DAP antler burr 55.5 51.8 57,1 68.0 65.2

DLM antler burr 55.8 56.8 43.6 66.0 59.8

DAP above burr 42.4 40.3 32.0 34.0 35.3 39.8 59.0 59.5

DLM above burr 43.3 43.1 38.0 33.4 32.1 40.7 48.1 50.3

DAP pedicle 31.7 31.9 25,9 24.7 25.7 32.7 42.7

DLM pedicle 35.6 36.7 32.0 30.0 29.7 37.3 45.5

L pedicle medial 24.5 21.1 24.0 27.4 25.0 23.5 36.0

L pedicle from orbit 63.2

Frontal breadth 94.1 108.0 104.0

L bregma-sigmoid suture 53.3

L bregma-opisthocranion 70.0 76.0

Breadth of neurocranium 75.5 82.0 76.6

Breadth of occiput 95.7 89.0

Height of occiput (basion-opisthocranion) 62.0 64.5 68.5

Breadth of occipital condyles 50.4 58.5 57.0

Breadth of basioccipitale at pharyngeal 
tuberosities 28.4 33.5 29.0

DAP bulla tympani 12.9 13.2 15.5

L bulla tympani with auditory tube 27.5 30.4
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study of the holotype’s morphology revealed the irregular 
(pyriform) transversal section of the proximal part of the 
antler beam and its strongly flattened distal portion (above 
the second tine). The observed characters strongly remind of 
the specific antler morphology of Praeelaphus perrieri and 
distinguish the cervid from Ponte a Elsa from Metacervo-
cerus rhenanus with simple three-pointed anters character-
ized by regular circular transversal section of beam, as well 
as from Cervus nestii with four-pointed antlers character-
ized by a circular cross-section of antler beam and lacking 
the distal blade-like flattening of the beam (Croitor 2014). 
The peculiar antero-posterior compression of pedicles in 
the specimen from Ponte a Elsa (Table 1) also distinguished 
this cervid form from Metacervocerus rhenanus and Cer-
vus nestii, which are characterized by cylindrical or slightly 
compressed from the sides pedicles (Croitor 2006). The 
Early Villafranchian Age of the antlers from Ponte a Elsa 
may even take us a step further and suggest a possible syn-
onymy between Praeelaphus perrieri and P. lyra.

Therefore, Praeelaphus perrieri, P. lyra, and P. warthae 
are very close to each other and may be even synonymous. 
Nonetheless, reliable diagnostic characters are not avail-
able for P. lyra (the holotype is a young individual, which is 
the only known specimen of the species) and concern only 
moderate difference of body size in the case of P. warthae, 
which is based on a very fragmented fossil material. Thus, a 
conclusion regarding synonymy in this case cannot be made 
at the moment.

Praeelaphus australorientalis sp. nov.

Etymology: “australis”, southern (Lat.), “orientalis”, eastern 
(Lat.). The species name refers to the Southeastern Europe 
where its fossil remains were discovered.

Holotype: The antlered skull OF24995 with the main part 
of right antler, the basal part of left antler (Figs. 2-4, 6), 
and the distal detached fragment of left antler (Fig. 5). The 
holotype is stored in the palaeontological collection of the 
National Museum of Ethnography and Natural History of 
Chisinau (Moldova).

Additional material: Basal fragment of antler with pedicle 
Nr. 231 (Fig. 7) from Berești (Romania). The specimen is 
stored in the Institute of Speleology “Emil Racovița”, Bu-
charest (Romania).

Type locality: Velikoploskoe Village (= Velikoe Ploskoe), 
Odessa Region (Ukraine).

Type horizon: Gravel lenses of the Kuchurgan fluviatile 
deposits.

Distribution: Early Pleistocene, MN14 – beginning of 
MN15, Southeastern Europe (Ukraine, Romania).

Diagnosis: A medium-sized deer (close to the body size of 

Fig. 2. Praeelaphus australorientalis sp. nov., the antlered skull OF24935 (holotype): A – side view with transversal sections 
of antler; B – posterior view.
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modern fallow deer Dama dama) with a moderately long 
braincase (the bregma-opisthocrnion distance is longer than 
the braincase breadth behind pedicles in males), compara-
tively narrow frontal bones in males (the braincase breadth 
measured behind pedicles attains ca. 80% of the frontal 
constriction before the pedicles), robust and moderately long 
pedicles (the length of the pedicle in mature males attains 
ca 2/3 of the pedicle lateromedial diameter), small bullae 
tympani characterized by irregular shape and a short audi-
tory tube, and robust antlers with four tines. The first and the 
second tines are inserted on the anterior side of the antler 
beam. The first tine is situated very high above the burr (the 
height of the first ramification exceeds more than two times 
the diameter of the basal part of antler beam). The antler seg-
ment between the first and the second tines is comparatively 
short (shorter than the height of the first ramification). The 
distance between the second and distalmost third ramifica-
tion is three times longer than the distance between the first 

and the second ramifications. The basal segment of antler 
beam (below the first ramification) is regularly circular. The 
beam segment between first and second ramification has a 
longitudinal keel on the anterior side. The antler beam be-
tween the second and the third ramifications is significantly 
flattened, oriented in the parasagittal plane and terminated 
with a distal bifurcation. The anterior tine of the distal bifur-
cation is stronger and represents a continuation of the antler 
beam axis.

Differential diagnosis: Unlike Metacervocerus pardinen-
sis, Praeelaphus australorientalis is characterized by more 
robust antlers with four tines and flattened distal portion of 
the antler beam. Unlike Praeelaphus perrieri and P. lyra, P. 
australorientalis is characterized by a very short antler seg-
ment between the first and the second ramifications, a rela-
tively long antler segment between the second and the third 
ramifications, a very high position of the first ramification, 

Fig. 3. Details of braincase morphology of the holotype OF24935 of Praeelaphus australorientalis sp. nov.: A – occipital 
view; B – lateral view; C – ventral view; D – frontal view.
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Table 2. Comparison of neurocranium measurements and proportions of small-sized Plio-Pleistocene and modern deer of 
the subfamily Cervinae: 1, breadth of occiput; 2, width of occipital condyles; 3, occiput height (distance between basicranion 
to opisthocranion); 4, frontal breadth (in males: the narrowest point between orbits and pedicles); 5, width of braincase (in 
males: cranial width behind pedicles); 6, width of basioccipitale at pharyngeal tuberosities; 7, distance between bregma and 
opisthocranion.

Species Specimen ID 1. 2. 3. 4. 5. 6. 7. 7/5, % 3/1, % 5/4, %

Praeelaphus australorientalis OF24935 ♂ 95.7 50.4 62.0 94.1 75.5 28.4 70.0 107.9 64.8 80.2
Praeelaphus warthae Nr. 1 ♂, Weze 104.0 76.6 73.7
Praeelaphus cf. lyra IGF1378 ♂, Olivola 58.5 64.5 82.0 76.0 107.9
Metacervocerus rhenanus CEY2318 ♂, Ceyssaguet 98.8 82.8  83.8
Metacervocerus rhenanus CEY15194 ♂, Ceyssaguet 104.6 82.2 79.5 103.4 78.6
Metacervocerus rhenanus CEY11217 ♂, Ceyssaguet 97.0 58.0 66.7 103.1 77.7 41.1 74.3 104.6 68.8 75.4
Metacervocerus rhenanus No.496536 ♂, St. Vallier 86.7 50.7 56.0 85.4 75.9 30.5 68.5 110.8 64.6 88.9
Metacervocerus rhenanus No.210638 ♀, Seneze 73.0 51.8 62.8 36.7 75.0 86.0
Muntiacus muntjac C780 ♂ 56.6 32.7 41.0 61.0 52.0 20.3 47.0 110.6 72.4 85.2
Muntiacus reevesi C782 ♂ 58.1 31.4  62.2 51.7  48.7 106.2 83.1
Axis axis maculatus BM- 67.4.12.240 ♂ 87.3 50.3 54.8 91.0 72.0 34.7 72.7 99.0 62.8 79.1
Axis axis BM- 697-t ♂, South Germany 83.7 53.7 60.5 96.3 74.6 37.0 74.2 100.5 72.3 77.5
Axis axis BM- 1845.1.8.195 ♀ 79.6 46.2 53.7 68.1 33.0 70.4 96.7 67.5
Axis axis C12089 ♂    95.6 72.4  77.0 94.0 75.7
Hyelaphus porcinus BM-27.12.14.106 ♂ 93.0 42.5 53.1 80.0 64.6 33.3 66.7 96.9 57.1 80.8
Hyelaphus porcinus BM-79.11.21.188 ♂ 80.0 43.4 53.0 73.1 62.2 33.8 63.6 97.8 66.3 85.1
Hyelaphus porcinus BM 27.2.14.100 ♂ 90.2 43.8 55.0 79.1 68.5 37.7 67.6 101.3 61.0 86.6
Hyelaphus porcinus BM-1858.12.102 ♀, Ceylon 74.0 39.5 45.0 62.5 27.3 61.0 102.5 60.9
Hyelaphus porcinus BM-206.7.59 ♀ 72.8 39.8 49.3  61.8 29.1 55.2 112.0 67.7
Cervus nippon BM66.165 ♀, England 71.7 47.8 52.0 66.4 27.6 69.4 95.8 72.5
Cervus nippon BM 72.1060 ♀ 50.3 59.0 76.5 31.3 68.0 112.5
Cervus nippon nn, BM ♂ 111.0 61.1 70.5 105.5 84.5 42.9 79.2 106.7 63.5 80.1
Cervus nestii IGF1403 ♂, Olivola 98.2 60.0 60.8 102.3 81.0 38.0 78.8 102.8 61.9 79.2
Cervus nestii IGF243 ♂, Figline 92.9 79.3 37.0 72.5 109.4 85.4
Cervus elaphus acoronatus NMENH ♂, Tiraspol 148 82.9 96.6 133.3 114.3 44.2 94 121.6 65.3 85.7
Cervus elaphus acoronatus NMENH- 7996 ♀, Dubasari 119.5 72.7 86.8 99.3 86.3 115.1 72.6
Cervus elaphus corsicanus C11932 ♂, Cairo, Sardegna 102 51.1 66.5 98.8 88 37.3 75.2 117.0 65.2 89.1
Cervus elaphus barbarus P-1868-2 ♂, Algeria 59.7 106.3 77.8 72.3 107.6 73.2
Cervus elaphus C11855 ♂, Tuscany  62.8 81.3 114 97.3  90.3 107.8 85.4
Panolia eldi P-1937-157 ♀ 81.3 52.2 56 63 74 85.1 68.9
Rucervus duvaucelii C12088 ♂, Central India 111.6 80.6 36.2 93.5 86.2 72.2
Rucervus duvaucelii P-1864-4 ♀ 108.5 58.6 71.5 89 65.7    65.9 73.8
Elaphurus davidianus P-1972-67 ♀ 105.9 64.4 73.7 103 82.7  97 85.3 69.6 80.3
Dama dama BM 47.1.1.4 ♂, England 100.4 58.4 65 104.4 77.4 42 83.8 92.4 64.7 74.1
Dama dama BM 47.12.11.1 ♂, England 93.5 52.3 62.8 100.4 80 38.7 73.6 108.7 67.2 79.7
Dama dama BM 1936.11.3.1 ♂, Sussex 99 50.3 63 102.2 82.3 42.3 87.3 94.3 63.6 80.5
Dama dama C12058 ♂, Italy 101 54.5 61 98.6 86.4 45.8 81 106.7 60.4 87.6
Dama dama C12061 ♂, Italy 99.3 81.6 32.6 85 96.0 82.2
Dama dama C12063 ♂, Italy 89.5 51.2 59.8 91.8 74.4 36 78 95.4 66.8 81.0
Dama dama C12059 ♂, Italy 94 76.8 56.6 93 77.4 40.7 79 98.0 60.2 83.2
Dama dama C1262 ♂, Italy 93.6 54.1 59.4 100.7 78 40.8 83 94.0 63.5 77.5
Dama dama C12202 ♀, Italy 85 71.3 77.6 91.9
Dama dama BM 67.4.12.24 ♀, Anatolia 81 48.2 56.7 71.5 32.7 72.3 98.9 70.0
Dama dama BM 1937.3.10.2 ♀, England 80.1 48.5 53.8 69 34.2 71.8 96.1 67.2
Dama dama BM 1937.6.9.1 ♀, England 83 49 55.1 72.9 34.1 71.7 101.7 66.4
Dama dama BM 693-q ♀, Germany 83.8 50.7 58.5  73  73.5 99.3 69.8
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a regular circular (not ovoid) transversal beam section below 
the first tine. Unlike P. perrieri, P. lyra, and P. warthae, P. 
australorientalis is characterized by a parasagittal (not fron-
tal) orientation of the flattened distal segment of the antler. 
Unlike P. warthae, P. australorientalis is characterized by 
relatively narrow frontal bones with respect to the braincase 
breadth and smaller bullae tympani with irregular shape.

Description: The antlered braincase OF-24995 belongs to 
a medium-sized cervid similar in size to the modern fal-
low deer (Fig. 2). The greater part of the left antler is de-
stroyed, only its proximal portion (150 mm of total length) 
is preserved. There is also a distal fragment of left antler 
that apparently belongs to the same individual and represents 
a part of the antler beam between the second tine and the 
third (distal) bifurcation (Fig. 5). The right antler is better 
preserved, except for its first tine and distal portion. Antlers 
are relatively robust, lyre-shaped (Fig. 2B).

The shape of the cross-section of the antler base is cir-
cular and just slightly compressed in anteroposterior direc-
tion. Antler burrs are well developed and strong. The antler 
surface is densely covered with sharp longitudinal ribs and 
furrows. The surface of the median and posterior sides of the 
proximal portion of the antlers are sculptured with graini-
ness and tubercles. The first tine of the better preserved right 
antler is situated very high relative to the burr: the height of 
the first ramification is ca. 105 mm.

The second tine is inserted on the anterior side of the 
beam at a short distance from the first tine: the length of ant-

ler segment between the first and the second ramifications 
is 78.0 mm. The second tine is cone-shaped and rather short 
and has a circular transversal section. Its length amounts to 
61.0 mm, and the transversal diameter at the base amounts to 
18.7 mm. The angle of second ramification amounts to 35°.

The distal portion of left antler is a beam segment be-
tween the second and the third ramification that ends in a 
distal bifurcation (Fig. 5). The cross-section of the proximal 
end of the fragment is ovoid in shape with a sharpened pos-
terior side (DAP = 34.4 mm; DLM = 32.7 mm). The antler 
beam extends antero-porteriorly above the second ramifica-
tion and becomes fairly flattened toward the third ramifica-
tion. The thickness of the antler beam in the area of the distal 
bifurcation is 25.2 mm. The anterior tine of distal bifurca-
tion is more robust (its transversal diameter at the level of 
bifurcation attains 24.8 mm) and represents a continuation 
of the beam axis. The posterior tine is thinner (its transversal 
measurement at the same level amounts to 20.1 mm) and 
slightly deviates posteriorly from the axis of the main antler 
beam. The median side of the distal antler portion is rather 
flat, while the lateral side is convex. The total length of the 
distal fragment of the left antler attains 235 mm, while the 
length of the left antler beam segment between the second 
and the third ramification amounts to 233 mm. The length 
of the right antler segment between the second and the third 
ramifications exceeds 200 mm.

The pedicles are moderately long (Fig. 3B, D) with a 
circular cross-section and are slightly compressed in the 
antero-posterior direction. The pedicles are deflected pos-

Fig. 4. Praeelaphus australorientalis sp. nov.: oblique view of the basioccipital region of the holotype OF24935.
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teriorly (therefore, they are situated in the plane of frontal 
bones) and diverge slightly: the angle of divergence formed 
by pedicle axes is 40°. The frontal bones are rather narrow 
and slightly depressed between the frontal suture and their 
lateral margins. The roof of the braincase is slightly convex, 
the sigmoid suture between the temporal and occipital bones 
is trapezoidal. The basioccipitale is pentagonal-shaped due 
to a moderate extension of the pharyngeal tuberosities (Fig. 
3C). The foramen ovale is not particularly large and oval 
(its maximal diameter amounts to 4.6 mm). The maximal 
diameter of the foramen ovale is set obliquely with respect 
to the sagittal plane as in advanced Old World deer (vislo-
bokova 1990).

The bullae tympani are quite small and characterized 
by an irregular shape (antero-posterior measurements: sin, 
12.9 mm; dx, 13.2 mm), without any apical thorn or spike 
(Fig. 4). The shape of the bullae tympani is quite similar to 
that of Axis axis as reported by PoCoCk (1943). The external 
auditory tube is rather short; the measurement from the audi-
tory orifice to the inner anterior edge of the bulla tympani 
amounts to 30.4 mm (dx) and 27.5 mm (sin) and is about 
25% shorter than in the modern primitive Cervini Axis axis 

and Hyelaphus porcinus, according to the data provided by 
PoCoCk (1943).

Although both tympanic bullae are present, the left os 
temporale is damaged, therefore a direct observation of 
the post-glenoid foramen morphology is possible: the post-
glenoid foramen is closed from the medial side by the bony 
bridge of squamosal bone. This character distinguishes plesi-
ometacarpal cervids from telemetacarpal cervids (bouvrain 
et al. 1989) and confirms the attribution of the deer under 
study to the subfamily Cervinae.

The index of relative braincase length (bregma-opistho-
cranion length to braincase breadth ratio) of Praeelaphus 
australorientalis amounts to 107.9% and is quite close to 
some fossil and Recent cervids (Metacervocerus rhenanus, 
Cervus nestii, Cervus elaphus) and modern Muntiacus munt-
jak and Muntiacus reevesi (Table 2). The antlered braincase 
IGF1378 (Fig. 10) of Praeelaphus cf. lyra from Olivola (Italy) 
is characterized by the same value of braincase shape index 
(107.9%). The braincase of Praeelaphus australorientalis is 
relatively shorter and broader than in Axis axis, Rucervus 
duvaucelii, Panolia eldi, and the mean values of modern 
Dama dama (Table 2). According to the limited craniologi-

Fig. 6. Antler reconstruction of Praeelaphus australorien-
talis sp. nov.

Fig. 5. Praeelaphus australorientalis sp. nov.: distal frag-
ment of left antler of the holotype OF24935 with transversal 
sections.
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cal material involved in the present comparative study, the 
bregma-opisthocranion length to braincase breadth ratio var-
ies from 92.4 to 108.7% (n = 8) in modern fallow deer males 
(the mean value is 98.2%) and from 91.9 to 101.7% (n = 5) 
in females (the mean values amounts to 97.6%, practically 
equal to the index obtained for males). The small sample 
(n = 4) of Axis axis crania (variation range from 94.0 to 
101.5%, with mean value 97.6%) suggests a braincase shape 
index similar to Dama dama. The single available skulls 
of Elaphurus davidianus, Rucervus duvaucelii and Panolia 
eldi are characterized by a braincase index lower than the ra-
tio obtained for Praeelaphus australorientalis and the mean 
values of Dama dama and Axis axis. Regarding the relative 
breadth of the frontal bones with respect to overall braincase 
breadth, Praeelaphus australorientalis is characterized by 
a ratio (80.2%), which is quite close to Elaphurus davidi-
anus (80.3%, n = 1), Cervus nippon (80.1%, n = 1), Dama 
dama (74.1-87.6%, n = 8), and Metacervocerus rhenanus 
(75.4-88.9%, n = 4). As far as the craniological material in-
volved in the present study is concerned, the studied cervids 
do not show any significant correlation between the relative 
frontal breadth on one hand and body size (the considered 

range of body size is from Muntiacus muntjak to Cervus 
elaphus), antler size or phylogenetic relationships on the 
other hand. The frontal breadth in Praeelaphus warthae is 
relatively larger than in Praeelaphus australorientalis: its 
braincase breadth reaches only 73.7% of the frontal breadth 
in a young male individual (measured from the type speci-
men of Praeelaphus warthae Nr. 1 from Weze-1).

The shape of the occiput (the ratio between occiput 
height and occiput width) in small/medium-sized cervids 
varies insignificantly and is quite similar in cervines with 
various relative antler size and weight: the index of occiput 
shape amounts to 63.8% in males of Dama dama with rela-
tively large palmed antlers; this value is quite close to the 
index obtained for Hyelaphus porcinus with small three-
pointed antlers (61.4%, n = 3). The index of occiput shape 
in Praeelaphus australorientalis (64.8%) falls within the 
variation of both Dama dama and Hyelaphus porcinus, and 
is significantly lower than in Praeelaphus warthae from 
Weze-1 (77.0%; the cranial fragment Nr. 362). Therefore, 
the shape of the neurocranium of Praeelaphus australori-
entalis seems comparatively short, broad and stands close 
to the modern Cervus, Muntiacus, and Late Villafranchian 
Metacervocerus. Its frontal bones are relatively narrow as in 
majority small/medium-sized and larger cervids.

The proximal antler fragment Nr. 231 from the Early 
Pliocene of Berești (Romania, curated at the Institute of 
Speleology of Bucharest) also belongs to Praeelaphus aus-
tralorientalis (Fig. 7). The specimen preserved 69.0 mm of 
antler above the burr and does not show any sign of first 
ramification at this height. The pedicle is moderately long 
and somewhat compressed antero-posteriorly. The shape of 
the burr is irregular (LDM = 51.7 mm; DAP = 43.6 mm). 
The latero-medial diameter of antler at the level of breakage 
amounts to 41.5 mm; the antero-posterior diameter at the 
same level amounts to 31.2 mm.

4. Discussion

4.1. Praeelaphus australorientalis vs. “Pliocervus 
kutchurganicus”

The discussion of Praeelaphus australorientalis re-
quires a comparison with the so-called “Pliocervus 
kutchurganicus” korotkeviCh, 1965, which was also 
reported from the Kuchurgan deposits. The latter spe-
cies was based on poor fragments of antlers, while its 
dentition and cranial remains are unknown (korotkev-
iCh 1970). The type specimen of korotkeviCh’s “Plio-
cervus kutchurganicus” is a proximal fragment of a 
comparatively stout shed antler (korotkeviCh 1970: fig. 
44). In our opinion (Croitor & stefaniak 2009), this is 
a fully developed adult antler of Procapreolus molda-
vicus, since it falls within the variation range of antlers 
of this species from the Early Pliocene site of Weze 
Cave (Poland). Unlike the antlers from Velikoploskoe, 
the type specimen of “Pliocervus kutchurganicus” is 

Fig. 7. Fragment of left antler with pedicle of Praeelaphus 
australorientalis sp. nov. from Berești (Romania); posterior 
view and transversal sections of proximal part of antler (A) 
and burr (B).

eschweizerbart_xxx



96 R. Croitor

still relatively thin (DAP of the antler above the burr is 
29.2 mm; DLM of the antler above the burr amounts to 
31.2 mm), the basal segment of the antler is undulated 
(“S-shaped” according to korotkeviCh 1970), deviating 
backward from the burr plane and then gently bending 
and inclining vertically. The anterior side of the basal 
segment of the antler of “Pliocervus kutchurganicus” 
bears a distinctive deep grove, which is often present 
in Procapreolus moldavicus but is missing in Praeela-
phus australorientalis.

4.2. Position within the genus Praeelaphus

Praeelaphus australorientalis is a rather small-sized 
cervid of the subfamily Cervinae with an estimated 
body mass (based on occipital height) of 67 kg. The 
body mass of the deer from Velikoploskoe places it 
close to the eco-evolutionary type of smaller Villaf-
ranchian “Dama-like” deer. P. australorientalis is the 
smallest species of the genus. The mean estimated body 
mass of P. perrieri is ca. 180 kg, and that of P. warthae 
120 kg. The body mass of the largest male individual of 
P. warthae attained ca. 140 kg (Croitor & stefaniak 
2009; Croitor 2014). Apparently, P. warthae and P. 
perrieri show an increase of body size in the warthae-
perrieri lineage during Ruscinian and Early Villafran-
chian.

Despite its comparatively small body size and such 
primitive characters as relatively long, sloped backward 
and little divergent pedicles, P. australorientalis pos-
sesses highly specialized and relatively robust four-
tined antlers with the distal portion of beam (between 
the second and the third ramifications) extending into 
a flattened blade (Fig. 6). Such specialized antler mor-
phology is not usual for small-sized cervids, however, 
it is found in the medium- to large-sized P. perrieri 
from the Early Villafranchian of France (Figs. 8, 9). 
Among the distinguishing morphological characteris-
tics of P. australorientalis are the relatively narrower 
frontal bones that are possibly correlated to the rela-
tively smaller antlers and little divergent pedicles. The 
relatively narrower occiput of P. australorientalis when 
compared to the single specimen available for obser-
vation Nr. 362 of P. warthae should be regarded as a 
primitive character.

P. australorientalis seems to be morphologically 
most removed from the rest of Praeelaphus species: 
its first tine is inserted comparatively very high, much 
higher than in other forms of Praeelaphus, the beam 
segment between the first and the second tines is very 
short, while the flattened blade-like distal portion of 
beam is situated rather in parasagittal plane, not in 

frontal plane as in P. lyra, P. warthae, and P. perrieri 
(Fig. 9). However, the latter character may be variable 
in P. perrieri and is variable in P. cf. lyra from the Ear-
ly Pleistocene of Olivola, Italy (see discussion below).

The antlered braincase IGF1378 from Olivola (Fig. 
10) was originally described as Dama nestii nestii (az-
zaroli 1947: fig. 4.1). The braincase IGF1378 with pre-
served left antler belongs to a mature male individual 
(sutures of braincase are obliterated) and shows mor-
phological antler characters specific for Praeelaphus. 
Its braincase is slightly flexed and relatively short as in 
Praeelaphus australorientalis (the ratio bregma-opis-
thocranion length to neurocranium breadth amounts 
to 107.9%), the parietal bones are slightly convex, the 
pedicles are moderately long, slightly compressed an-
teroposteriorly and somewhat inclined backward. The 
basioccipitale is bell-shaped, broadened in the pharyn-
geal tuberosities (Fig. 10C) as in P. australorientalis 
and P. warthae (Croitor & stefaniak 2009: fig. 18C). 
The preserved left bulla tympani (Fig. 10 C) is mod-
erately large, smooth and rounded as in P. warthae 
(Croitor & stefaniak 2009). Although the first tine is 
not preserved, one can observe that the first ramifica-
tion is situated rather high above the burr, though not 
as high as in P. australorientalis (Table 1). The antler 
base is regularly circular, however, the antler forms a 
peculiar anteroposterior extension below the first rami-
fication. The antler beam is cylindrical above the first 
ramification and extends anteroposteriorly below the 
second ramification. The side surfaces of the antler are 
concave in the area of the second ramification. The 
second tine is somewhat compressed anteroposteriorly, 
set in the perpendicular plane with respect to the flat-
tened portion of the antler beam and is situated at a 
long distance from the first tine, much longer than in 
P. australorientalis. The antler beam above the second 
tine is strongly compressed in the anteroposterior di-
rection and gradually becomes broadened distally. The 
distalmost part of the antler is not preserved. The per-
pendicular orientation of the second antler ramification 
with respect to the plane of the flattened distal part of 
beam is a variable character in the sample from Olivola. 
The distal fragment of antler IGF1557 (Fig. 11) is char-
acterized by a rather robust cylinder-shaped second tine 
situated in the plane of the beam blade-like extension. 
The posterior tine of the distal bifurcation is more ro-
bust than the anterior one. The distance between rami-
fications in the specimen from Olivola is much shorter 
than in P. australorientalis and amounts to 184 mm. 
Apparently, Praeelaphus from Olivola underwent a 
secondary body size reduction. Possibly, Praeelaphus 
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from Olivola represents a true separate species, how-
ever, this question requires a detailed study, since the 
fauna from Olivola contains another small-sized cervid 
Cervus nestii that does not evolve the distal blade-like 
extensions of the antler beam (Croitor 2014), while 
Praeelaphus lyra from Ponte a Elsa is still imperfectly 
known. Some fragmented remains of small-sized deer 
from the site of Monte Riccio, somewhat older than 
Olivola, were also ascribed to P. lyra (Croitor 2012).

It seems that the southern lineage of Praeelaphus 
represented by Early Villafranchian Praeelaphus lyra 
from Ponte a Elsa and P. cf. lyra from the Late Villaf-
ranchian of Olivola survived on the Italian peninsula 
until the Pachycrocuta brevirostris Event sensu mar-

tinez-navarro (2010) (also known as the “wolf event”: 
azzaroli 1983) and went extinct just before the disper-
sal of the first primitive Dama eurygonos with simple 
four-tined antlers in the Tasso F. U. (Croitor 2006). 
The presence of Praeelaphus in the Early Pleistocene 
of the Italian Peninsula most probably has a refugial 
character.

Possibly, Praeelaphus also survived in the Trans-
caucasian refugium; at least some cervid remains from 
the Early Pleistocene fauna of Dmanisi (Georgia) may 

Fig. 8. Neotype of Praeelaphus perrieri (Croizet & Jobert, 
1828) from Etouaires (France). Adapted from heintz (1970).

Fig. 9. Fragment of right antler PET1038 of Praeelaphus 
perrieri (Croizet & Jobert, 1828) from Perrier-Etouaires 
(France) showing flattened antler beam in the area of the 
second ramification and the perpendicular orientation of the 
plane of the antler beam above the second ramification with 
respect to the second tine.

eschweizerbart_xxx



98 R. Croitor

be ascribed to this genus. vekua (1995: table 40) briefly 
described and figured a curious fragment of (right?) 
antler with a frontally oriented distal flattened portion 
ending in two tines, a perpendicularly oriented tine 
with proximal position with respect to the flattened 
portion of antler, and another still more proximal tine, 
which seems to be set on the medial side of the antler 
beam (Fig. 12). This specimen was described by ve-
kua (1995) as Cervus (ex gr. Arvernoceros ardei). It is 
difficult to give an interpretation to the most proximal 
antler tine judging from the figure (is it a basal tine or 
an accessory second tine?). There is also a possibil-
ity that the reconstruction of the specimen is not ex-
act, however, its affinity with more ancient European 
Praeelaphus seems to be quite plausible.

4.3. Position within the subfamily Cervinae

vislobokova (1990) regards the relative length of the 
braincase relative to the total cranial length (and in 
particular, to the length of splanchnocranium) as an 

important character of cervid evolutionary specializa-
tion. According to vislobokova (1990), the relatively 
short braincase with broadened occiput is an advanced 
character, which evolved in parallel in all main cer-
vid lineages and is correlated with main evolutionary 
trends of cervids: increase of body size, increase of 
antler size, and adaptation to more coarse and fibrous 
forage. Since the relative length of the braincase hardly 
depends on ontogenetic stage of development and on 
sexual dimorphism in adults (mystkowska 1966), this 
character requires attention here. The studied cranial 
proportions of modern and fossil small/medium-sized 
cervids do not provide a simple and clear phylogenetic 
or morpho-functional pattern (Table 2).

The phylogenetic and taxonomic significance of 
other basicranial characters (the shape and size of the 
foramen ovale, the shape and size of the bullae tym-
pani, the length of the auditory tube) is quite variable 
among modern and fossil cervids. Although those char-
acteristics have been used for taxonomical definitions 
at species and genus level within the subfamily Cervi-

Fig. 10. Antlered braincase IGF1378 of Praeelaphus cf. lyra (azzaroli, 1992) from Olivola (Italy): A – medial view of left 
antler; B – frontal view of the distal portion of antler; C – basioccipital view of neurocranium; D – shape of occipital part 
of neurocranium.
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nae (PoCoCk 1943; flerov 1952; sokolov 1959), their 
potential for phylogenetic studies seems at the moment 
quite limited: the inflated and rounded bullae tympani 
are shared by Cervus nippon, Dama dama, Hyelaphus 
porcinus, and Metacervocerus rhenanus, while small, 
irregularly shaped tympanic bullae are characteristic 
of Muntiacus muntjak, Axis axis, Cervus elaphus, and 
Praeelaphus australorientalis (PoCoCk 1943; flerov 
1952; sokolov 1959; vislobokova 1990; Croitor 2014, 
this study). Taking into account the genetic studies of 
Pitra et al. (2004) and gilbert et al. (2006), the varia-
tion of shape and size of the bullae tympani among 

Cervinae does not fit the genetically supported phylo-
genetic model, although the small irregularly shaped 
bullae tympani and the short auditory tube are regarded 
as primitive morphological conditions (vislobokova 
1990).

It seems that the shape of the basioccipitale may 
have a clearer phylogenetic signature within plesiometa-
carpal Cervinae. The narrow V-shaped basioccipitale is 
characteristic of Cervus elaphus, but is also recorded 
in Panolia eldi, Rusa unicolor, Elaphurus davidianus 
(Croitor 2014) and may be observed in the skull of 
Przewalskium albirostris figured by flerov (1952: fig. 
40). The results of the genetic analyses of Pitra et al. 
(2004) and gilbert et al. (2006) revealed that Cervus 
elaphus, together with Elaphurus davidianus, Przew-
alskiun albirostris, Panolia eldi, and Rusa unicolor, 
forms a single phylogenetical stock, therefore, these 
authors propose to include the enlisted modern spe-
cies into the genus Cervus sensu stricto. The V-shaped 
basioccipitale is also found in Muntiacus muntjak (the 
skull Nr. 780, osteological collection of “La Specola”, 
Florence), suggesting a primitive condition of this char-
acter. Pitra et al. (2004) included also the hog deer Hy-
elaphus porcinus in the Cervus s. s. phylogenetic stock. 
The difficulty poses the basioccipitale with broadened 
pharyngeal tuberosities in Hyelaphus porcinus (PoCoCk 
1943: fig. 7B). hilbert et al. (2006) provided genetic 
and cariologic evidences that Hyelaphus porcinus is 
actually quite distant from the Cervus stock and stands 
closer to Axis axis. The broadened bell-shaped (or U-
shaped) basioccipitale of Hyelaphus porcinus is in ac-
cordance with the conclusions of hilbert et al. (2006).

The broadened at pharyngeal tuberosities basioc-
cipitale is shared by Praeelaphus australorientalis, P. 
warthae, and P. cf. lyra from Olivola, therefore, this 
archaic European lineage likely diverged very early 
from the Cervus s. s. phylogenetic branch. The same 
shape of basioccipitale is also recorded in Axis axis, 
Rucervus duvaucelii, and Dama dama, as well as in 
majority of extinct European genera, like Metacervo-
cerus, Arvernoceros, Eucladoceros, Praemegaceros, 
and Megaloceros (Croitor 2014). Genetic analysis has 
shown that in Axis axis and Rucervus duvaucelii split 
from the main stock of Cervinae very early (Pitra et 
al. 2004) and apparently represents the earliest radia-
tion of Cervinae together with Praeelaphus, Arver-
noceros, and Metacervocerus (Croitor 2014). Unlike 
Dama, Praeelaphus australorientalis is character-
ized by small bullae tympani with irregular shape (an 
ancestral character) and relatively short and broader 
braincase (an advanced character). Actually, the rela-

Fig. 11. Distal fragment of right antler IGF1557 of Praeela-
phus cf. lyra (azzaroli, 1992) from Olivola (Italy): A – lat-
eral view; B – frontal view.
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tively long braincase in Dama as estimated from the 
bregma- opisthocranion length may constitute a biased 
or/and ambiguous character. Dama is characterized by 
a much-flexed braincase, therefore, the increased dis-
tance between bregma point and opisthocranion could 
be nothing more than a topographical correlation with 
the braincase flexion. On the other hand, the extreme 
braincase flexion in Dama relative to other Cervinae 
could be an adaptation to compensate for the elongated 
neurocranium in order to shorten the length of the lever 
between the atlanto-occipital articulation and the center 
of mass in order to increase the stability of the antlered 
head. However, this explanation is not fully satisfactory 
either, since the similarly elongated and narrow brain-

case in Megaloceros giganteus from Ireland (the index 
bregma-opisthocranion/braincase breadth in males var-
ies from 85.4% to 93.3%, the mean value is 89.7%; n 
= 7: Croitor, work in progress) is less flexed than in 
fallow deer, while the relative antler size apparently is 
much more significant. In any case, the cranial mor-
phology of Praeelaphus australorientalis and fallow 
deer represents two different and mutually exclusive 
directions of specialization.

The relative length of the braincase, the shape of 
the basioccipitale, and the relative length of pedicles 
approach Praeelaphus australorientalis to Metacer-
vocerus rhenanus, however, the latter cervid is charac-
terized by larger rounded bullae tympany and simple 
three-pointed antlers with a cylinder-shaped beam (its 
transversal section is regularly circular). In addition, the 
antlers of Praeelaphus australorientalis (even if we as-
sume the specific advanced morphology of its antlers as 
a result of parallel evolution of closely related lineages) 
do not show morphological homology with antlers of 
Metacervocerus rhenanus or Metacervocerus pardi-
nensis. The second tine in Praeelaphus australorien-
talis is situated very close to the first tine and does 
not look like an analogue of the distal bifurcation in 
Metacervocerus. Nonetheless, one cannot exclude a 
relatively close relationship between Praeelaphus and 
Metacervocerus resulting from the same evolutionary 
radiation event where the two genera may represent 
consecutive stages of evolutionary specialization of 
the antlers.

4.4. Pliocene dispersals and palaeobiogeography 
of the subfamily Cervinae in western Eurasia

Unlike the subfamily Capreolinae that represents an 
evolutionary radiation of telemetacarpal deer in the 
temperate latitudes of Eurasia, the subfamily Cervinae 
represents a southern Oriental radiation of plesiometa-
carpal deer. The Eastern part of the Oriental Zoogeo-
graphic Province is the area of the highest diversifica-
tion of the subfamily Cervinae and the hypothetical 
center of the initial radiation of plesiometacarpal deer 
(geist 1998; di stefano & Petronio 2002; Croitor 
2014). The subfamily Cervinae in its modern under-
standing (including tribes Muntiacini and Cervini) 
proposed by grubb (2000) and confirmed by genetic 
studies (Pitra et al. 2004; gilbert et al. 2006) repre-
sents a broad Late Neogene radiation from the most 
primitive Muntiacus and Elaphodus with simple ant-
lers and large upper tusks to the larger Rucervus, which 
evolved complicated richly branched antlers (Rucervus 

Fig. 12. Distal fragment of antler of Praeelaphus sp. from 
Dmanisi (Georgia). The total length of antler fragment 
amounts to 465 mm. Adapted from vekua (1995).
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schomburgki) and generally remains intact until the 
present days (geist 1988). The dispersal of Cervinae 
during the most part of Neogene was restricted in the 
eastern part of the Oriental Zoogeographic province, 
since the Alpine-Himalayan mountain belt and the 
climate gradient toward the North created effective 
zoogeographic borders for the Cervines (heintz et al. 
1990; Croitor 2014). The Indian subcontinent, as well 
as Western Eurasia, were colonized by plesiometacar-
pal deer somewhat later, after some advanced evolu-
tionary specializations were achieved.

An important, but still little studied biochronologi-
cal event in Western Eurasia took place by the begin-
ning of Early Pliocene: the dispersal of deer of the sub-
family Cervinae during the Early Pliocene (Croitor 
& stefaniak 2009). The systematic composition of 
the family Cervidae of the Late Miocene of Western 
Eurasia is quite specific and very different from the 
systematic, evolutionary, and eco-morphological guise 
of Pliocene cervids. The Late Miocene deer of Western 
Eurasia are represented by the subfamily Capreolinae 
(genera Procapreolus, Cervavitus, Pliocervus) and a 
range of small-sized muntjac-like cervids, which, most 
probably, were direct descents of the local Miocene 
stem cervid radiation and survived until the early Late 
Pliocene (azanza et al. 2013; Croitor 2014).

The small- to medium-sized European Procapre-
olus (or better to say, the “Procapreolus moldavicus 
group”, since the genus Procapreolus in its current un-
derstanding proposed by korotkeviCh 1970 requires 
a thorough taxonomic revision; see Croitor 2014) is a 
telemetacarpal cervid lineage with three-to-five-point-
ed antlers and with a typical for Capreolinae structure 
of the post-glenoid foramen (valli 2010). Pliocervus 
from the Late Miocene of France demonstrates a close 
affinity in antler, some cranial, and dental morphology 
with Pavlodaria orlovi described from the Hipparion 
fauna of Northern Kazakhstan, which is regarded by 
vislobokova (1980, 1990) as the earliest representa-
tive of Capreolinae with choanae that are completely 
divided by the vomer (Croitor 2014). Cervavitus was 
traditionally regarded as a transitional link between 
primitive muntjac-like deer and the “true deer” of the 
subfamily Cervinae (khomenko 1913; flerov 1952; 
Janovskaya 1954; korotkeviCh 1970; vislobokova 
1990). Unfortunately, the cranial morphology of Cer-
vavitus from Eastern Europe is poorly known; the data 
on basicranial morphology are still missing. However, 
the basic “Capreolus-like” antler construction, rela-
tively large premolars with advanced molarization of 
P4 and the presence of Palaeomeryx fold suggest that 

the better-known species Cervavitus variabilis with 
palmed antlers is a good candidate for a forerunner of 
the modern telemetacarpal genus Alces, which is char-
acterized by a vomer that is not completely divided by 
the choanae (Croitor 2014).

The muntjac-like survivors from the Pliocene of 
Eastern Europe with simple two-tined antlers are as-
cribed to the Asian genera Eostyloceros and Muntia-
cus (Czyzewska 1968; korotkeviCh 1970; vislobo-
kova 1990). The morphology of their antlers with a 
low position of the bifurcation of the beam and a long 
anterior tine rather reminds of Euprox from the Mio-
cene of Europe. Both groups of archaic Capreolinae 
and muntjac-like cervids survived until the early Late 
Pliocene (Croitor & stefaniak 2009).

Croizetoceros is another cervid genus with an un-
certain systematical position and poorly understood 
morphological affinities. This is a quite successful 
cervid group reported from the Late Miocene to Early 
Pleistocene of Western and Mediterranean Europe. 
heintz (1970) described the best known Villafranchi-
an species Croizetoceros ramosus (Croizet & Jobert, 
1828) from France, Italy, and Spain as a plesiometa-
carpal cervid with advanced dental morphology (P4 
is molarized, Palaeomeryx fold is missing) and large 
antlers with multiple ramifications forming a comb-like 
crown. The earliest species of the genus, Croizetoceros 
pyrenaicus (dePeret, 1890) with primitive unmolar-
ized P4, is reported from the Late Miocene (MN13) of 
Spain (morales 1984). Another species, Croizetoceros 
proramosus, was described by dong (1996) from the 
Early Pliocene of Southern France. The easternmost 
findings are reported from the Early Pleistocene of 
Greece (NMQ 18) as Croizetoceros ramosus geraka-
rensis kostoPoulos, 1996 (kostoPoulos & athanas-
siou 2005). There are no remains of Croizetoceros or 
similar cervids found in Asia, therefore, this genus 
may have evolved from a local radiation of European 
muntjac-like stem cervids. Unfortunately, a detailed de-
scription of cranial morphology of Croizetoceros that 
could reveal its phylogenetic and systematic position is 
still missing. The antler and dental characters that are 
available for study do not demonstrate a direct relation-
ship of Croizetoceros with any representative of the 
subfamily Cervinae (Croitor 2014).

The overview of Late Miocene cervids from West-
ern Eurasia demonstrates a remarkable absence of deer 
of the subfamily Cervinae. The first representatives of 
the subfamily Cervinae appear in Early Pliocene faunas 
of Eastern Europe and belong to three different genera 
with different degree of evolutionary specializations: 
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Praeelaphus australorientalis, P. warthae, Metacer-
vocerus pardinensis, and Arvernoceros ardei. Appar-
ently, the enlisted species represent the first important 
Late Miocene radiation of Cervinae, represented today 
by Axis axis and Rucervus duvaucelii from South-East 
Asia (Pitra et al. 2004).

The oldest remains of Metacervocerus pardinensis 
are from the Carbolia fluvial sediments of Brînza and 
Lucești, Moldova (MN15) (Croitor 1997). This is a 
primitive Axis-like small deer with simple three-point-
ed antlers, relatively long pedicles, a primitive dental 
morphology with a cingulum in the upper molars, a 
relatively long lower premolar series, and a simple un-
molarized P4 (heintz 1970). Apparently, the earliest 
(poor) remains of another cervine genus, Arvernoc-
eros (Arvernoceros cf. ardei), are known from MN14 
of Weze-1 (Poland) (Croitor & stefaniak 2009). This 
is a more specialized Rucervus-like medium-sized deer 
with rather long, obliquely set pedicles and a dental 
morphology that is quite similar to the previous spe-
cies (heintz 1970; Croitor 2009). Arvernoceros ar-
dei maintains a simple basic cervine antler bauplan; 
however, the distal ramification in large mature males 
is complicated with accessory tines and the develop-
ment of a small palmation, while the basal tine bears 
an accessory prong (heintz 1970). The third lineage 
of Cervinae is represented by the genus Praeelaphus, 
which still maintains a primitive dental morphology 
and some primitive cranial characteristics (such as rath-
er long and obliquely set pedicles, a short orbito-frontal 
area, and short auditory tubes), however, is also charac-
terized by an advanced, relatively shorter and broader 
braincase compared to modern Axis axis and Rucervus 
duvaucelii. The antlers of Praeelaphus are also quite 
advanced and specialized: they are four-pointed with 
an irregular (“pyriform”) shape of the cross section of 
the beam, and a flattened distal portion of the beam 
(heintz 1970; Croitor 2012; Croitor & stefaniak 
2009). The early representatives of the subfamily Cer-
vinae coexisted in Europe with Late Miocene cervid 
holdovers, such as Procapreolus moldavicus, “Eostylo-
ceros” pidoplitschkoi, and “Muntiacus” pliocaenicus/
polonicus until the Early Villafranchian (Croitor & 
stefaniak 2009; feJfar et al. 2016).

4.5. Dispersals and palaeobiogeography of the 
subfamily Cervinae in the Indian Subcontinent

The western part of the Oriental Zooheographic prov-
ince remained inaccessible for Cervidae until the Early 
Pleistocene, when the Old World deer could cross the 

Alpine-Hymalayan Mountain belt (heintz et al. 1990). 
There are several poorly defined cervid forms found in 
the deposits of Siwalik Hills:
– “Cervus” triplidens lydekker, 1876 is a medium-
sized cervid (similar in body size to modern red deer) 
with comparatively high-crowned cheek teeth supple-
mented with a strong entostyle. The length of the upper 
molar row M1-M3 amounts to ca. 68.0 mm (measured 
from the figure in Colbert 1935). Antlers are un-
known. The stratigraphic provenance of this species is 
uncertain (Middle or Upper Siwaliks) (Colbert 1935). 
Metacervocerus punjabiensis (brown, 1926) is another 
medium-sized deer (with an estimated body mass of 
ca. 200 kg) with rather high-crowned cheek teeth and 
simple three-pointed antlers that, according to brown 
(1926) and Croitor & stefaniak (2009), remarkably 
remind Metacervocerus pardinensis (Croizet & Job-
ert, 1928) from the Pliocene of Europe. brown (1926) 
indicated that the length of the upper molars attains 100 
mm; from the photo of the skull published in brown’s 
article (1926: figs. 2, 3) it is clear that this is a total 
length of the cheek tooth row P2-M3. Therefore, the 
dental measurements of Metacervocerus punjabien-
sis approach those of modern West European red deer 
Cervus elaphus (L P2-M3 varies within 102.0 and 109.8 
mm in the sample of red deer skulls curated at the Na-
tional Museum of Natural History in Paris). This deer 
is also similar to “Cervus” triplidens in body size and 
hypsodont dentition. Therefore, the synonymy between 
Cervus punjabiensis brown, 1926 and Cervus tripli-
dens lydekker, 1876 is highly probable. It seems that 
“Cervus” triplidens and Metacervocerus punjabiensis 
represent the similar to modern Rusa unicolor eco-evo-
lutionary type; however, the available distinguishing 
characters (the high-crowned cheek teeth in Siwalik 
cervids and the longer posterior antler tine of the dis-
tal bifurcation that rather represents a continuation of 
the antler beam, unlike the antlers in Rusa unicolor) 
do not allow to assume their direct ancestral relation-
ship with modern sambar deer. ghaffar et al. (2011) 
included brown’s species in the genus Axis. However, 
the antler construction of the fossil deer under discus-
sion is quite different: in modern Axis axis, the anterior 
tine of the distal antler fork is stronger and represents a 
continuation of beam (the morphological condition that 
is also seen in Rusa unicolor), while the posterior tine 
is more thin and short and represents an off-shot on the 
posterior side of the antler beam (lydekker 1915: fig. 
14). teilhard de Chardin & Piveteau (1930) termed 
this type of antler the “aristotelis type”. The antler of 
Metacervocerus punjabiensis is different: the poste-
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rior tine of the distal fork is longer and represents a 
continuation of the antler beam, while the anterior tine 
of the fork is smaller and inserted on the anterior side 
of the antler beam. This is the so-called “hippelaphus 
type” of antler described by teilhard de Chardin & 
Piveteau (1930). The evolutionary and taxonomical 
significance of these two types of three-pointed ant-
lers are unclear, but they may theoretically represent 
two different evolutionary pathways of development of 
three-pointed antlers.
– Rucervus sivalensis (lydekker, 1880) is another me-
dium-sized deer, based on a single isolated molar with 
a small lingual cingulum. lydekker (1885) assumed 
its close relationship with modern Rucervus duvaucelii 
and included it in the arbitrary “Rucervine group”. 
lydekker (1885) also mentioned a cranium and antler 
fragments that show a certain resemblance to modern 
Rucervus. This material is discussed in more details 
by azzaroli (1954). flerov (1952) regarded this cervid 
form as Rusa sivalensis. Colbert (1935) confirms the 
resemblance of antlers and skull Nr. 19829 (American 
Museum of Natural History) of “Cervus” sivalensis 
with Rucervus duvaucelii. The length of the lower mo-
lar series M1-M3 amounts to 78.0 mm (Colbert 1935), 
representing an intermediary value between the range 
of lower molar series length of Praeelaphus perrieri/
Arvernoceros ardei from the Early Villafranchian of 
Perrier, France (68.4-72.8 mm, n = 5) and Arvernoceros 
sp. from Livenzovka, South Russia (Nr. 1810/3 - 90.0 
mm; Nr. KП-1785/144 - 87.7 mm; Nr. MK-1419/2 - 91.9 
mm; curated at the Rostov-upon-Don State University). 
The antler is heavily build, with a round cross-section; 
its crown is formed by at least three crown tines in-
serted on the posterior side of the distal part of the 
beam (Colbert 1935: fig. 146) as in modern Rucervus 
duvaucelii. The estimated body mass attains ca. 230 kg.
– “Cervus” colberti azzaroli, 1954 is based on the 
damaged skull Nr. 19829 (AMNH). It shares with 
Rucervus sivalensis the presence of a weak lingual 
cingulum in the upper molars, but is somewhat larger. 
The length of the upper molar series amounts to ca. 
82.0 mm (measured from Colbert 1935: fig. 145), ap-
proaching to the size of European Praemegaceros ob-
scurus from Pietrafitta, Italy (IGF4024) and the lower 
range of size variation of Megaloceros giganteus (n = 
11). azzaroli (1954) distinguishes “Cervus” colberti 
from Rucervus sivalensis by its weaker cingulum and 
more rounded “inner crescents” (apparently, protocone 
and hypocone). The degree of cingulum expression 
may be an individually variable character, while the 
lingual outlines of protocone and hypocone depend of 

the stage of molar wear, which seems to be very ad-
vanced in the type specimen (Colbert 1935: fig. 145). 
Therefore, there is a high probability that “Cervus” 
colberti azzaroli, 1954 is an advanced form closely 
related to Rucervus sivalensis (lydekker, 1880). The 
estimated body mass amounts to ca. 360 kg. Another 
large-sized species, Cervus latidens lydekker, 1876, 
was described on the basis of some isolated molars 
that rivalled Megaloceros giganteus in the size. Later, 
lydekker (1885) tentatively included C. latidens in the 
bovid genus Oreas, and therefore this species is ex-
cluded from the present discussion.
– Rucervus simplicidens (lydekker, 1876) differs from 
the previous species mostly by the absence of a cin-
gulum in the molars and more hypsodont teeth. The 
stratigraphic provenance of this species is also doubtful 
(Middle or Upper Siwaliks: Colbert 1935; azzaroli 
1954). azzaroli (1954) included this species in the 
genus Rucervus, while the cranium BM39570 was re-
ported as Rucervus cf. simplicidens. The morphological 
characters of the cranium BM39570 that are available 
for observation (small upper canines; large ethmoidal 
openings with a long border formed by the nasal bones 
at more than ½ of ethmoidal opening length; position of 
the anterior edges of the orbits above the posterior edge 
of M3) approach it to modern Rucervus duvaucelii. Un-
like modern barasingha deer, Rucervus from the Si-
waliks is characterized by short nasal bones that do 
not reach the line connecting the anterior edges of the 
orbits (an ancestral character), and smaller preorbital pit 
(an advanced specialization). The estimated body mass 
attained 170 kg. Some antler fragments from the Siwa-
lik sample (one of the specimens is attached to a long 
pedicle) were ascribed to Rucervus sp. I and Rucervus 
sp. II (azzaroli 1954). According to azzaroli (1954: 
fig. 7), the antler ascribed to Rucervus sp. II with long 
cylindrical pedicle, high insertion of the first tine and 
gentle curvature of the beam above the first bifurcation 
most probably belongs to Rucervus simplicidens.
– It is necessary also to indicate the presence of Panolia 
sp. (= Rucervus sp. I: azzaroli 1954: fig. 6) in the Si-
walik fauna. The antlers of Rucervus sp. I (BM41834b, 
BM41834c, 41834d) are characterized by a compara-
tively low position of the first tine, a very obtuse angle 
of the first ramification, a strong backward bending of 
the beam at the level of the first ramification, the oc-
casional presence of accessory prongs above the first 
ramification, and a small distal bifurcation (azzaroli 
1954: fig. 6). As azzaroli (1954) reasonably noticed, 
the enlisted characters correspond to the modern Pa-
nolia eldi, which is part of the Cervus elaphus evolu-
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tionary stock (Pitra et al. 2004). azzaroli (1954) also 
reported from the Siwaliks a quite large-sized cervid 
similar to Eucladoceros (Euctenoceros [?] sp. fide az-
zaroli 1954: fig. 7a) that is represented by a proximal 
fragment of a shed antler characterized by a high in-
sertion of the basal tine and two accessory prongs just 
above the basal ramification. Actually, the accessory 
prongs in the area of the first ramification are com-
mon in Panolia eldi, which, as it is said above, is also 
present in the deposits of Siwalik Hills. Therefore, the 
attribution of the “Eucladoceros-like” antler to Panolia 
sp. seems to be most plausible.
– “Cervus” rewati arif et al., 1992 is the smallest 
Siwalik cervid (equaling in size to chital and fallow 
deer) described from Plio-Pleistocene deposits of Ra-
jwal (Upper Siwaliks). Only dental remains of this deer 
are known so far: the length of the lower molar series 
amounts to 50.2 mm, P4 is primitive and unmolarized. 
The molar measurements are close to those of modern 
chital Axis axis (arif et al. 1992). However, “Cervus” 
rewati differs from Axis axis in having stronger ecto-
stylids and anterior enamel folds in the lower molars. 
The body size of “Cervus” rewati approaches that of 
the so-called “Dama-like” deer from the Pliocene and 
Early Pleistocene of Europe. The estimated body mass 
attains ca. 60 kg. ghaffar et al. (2011) reported dental 
remains of a similarly small-sized cervid “Cervus” cf. 
rewati from the Dhok Pathan Formation of the Middle 
Siwaliks, suggesting the Early Pliocene age of the first 
cervids that dispersed into the Indian subcontinent. 
However, bibi & metais (2016) doubted the early oc-
currence of Cervidae south of the Alpine-Himalayan 
mountain belt, noticing that the very fragmentary den-
tal remains described by ghaffar et al. (2011) appear 
to belong to bovids.

The overview of the first cervines from Eastern Eu-
rope and Indian Subcontinent revealed some interest-
ing facts: I) both palaeozoogeographic areas yielded 
closely related counterpart cervid forms that represent 
the earliest important evolutionary radiation of Cervi-
nae (Metacervocerus pardinensis and Metacervocerus 
punjabiensis; Arvernoceros ardei and Rucervus siv-
alensis); II) despite the vast variation range of body size 
in the first cervines from Eastern Europe and the Indian 
Subcontinent, the smallest cervids attain the estimated 
body mass of ca. 60 kg (Praeelaphus australorientalis 
and “Cervus” rewati). Therefore, one can assume that 
the dispersal potential in deer of the subfamily Cervi-
dae during the Pliocene epoch increased when the 60 
kg threshold of body mass was surpassed. This assump-
tion may explain why the smallest cervid forms that 

arrived during the Plio-Pleistocene in Western Eurasia 
always represent the so-called “Dama-like” body size 
class interpreted by azzaroli (1992) as a single genus 
Pseudodama.

The palaeontological record from China is crucial 
for the understanding of the Cervinae evolution and 
dispersal events. The first comparatively larger cer-
vids with three-pointed antlers in China are recorded 
at the beginning of the Baodean age (ca. 7 Ma) and 
usually are ascribed to the genus Cervavitus (wang 
& zhang 2014). Nonetheless, the belonging of those 
archaic medium-sized deer to Cervavitus from the Late 
Miocene of Eastern Europe is doubtful and some of the 
Chinese Late Neogene cervid forms may be reason-
ably considered as the most ancient representatives of 
Cervinae (Czyżewska 1968; di stefano & Petronio 
2002). Teeth, mandibles, and antlered frontlets from 
Late Miocene of Lantian (Shaanxi Province, China) 
described by wang & zhang (2014) as “Cervavitue 
novorossiae” belong to rather medium-sized cervids 
(possibly, more than one species) with three-tined ant-
lers, moderately long to very long pedicles (L=D; L>D) 
and conspicuously primitive dentition: P4 is not molar-
ized, Palaeomeryx fold is missing (unlike Cervavitus 
from Eastern Europe), the accessory enamel fold of 
protocone in upper molars figured by wang & zhang 
(2014: fig. 2A) is not present (unlike European Late 
Miocene Capreolinae, including Cervavitus: Croitor 
2014), the premolar/molar ratio in three most complete 
specimens amounts to 70.2%, 74.1%, and 62.4% indi-
cating relatively long premolar series. The estimated 
body mass based on dental remains from Lantian varies 
between 65 and 115 kg. “Cervavitus” shanxius dong 
& hu, 1994 from Late Miocene – Early Pliocene site 
Hounao (Sanxi Province, China) is characterized by a 
primitive dentition lacking the Palaeomeryx fold and 
possessing rather large upper canines and holometacar-
pal limbs. The estimated body mass of “Cervavitus” 
shanxius based on mean dental measurements (dong & 
hu 1994) attained ca. 75 kg. Therefore, the first cervids 
of the fallow deer body size class appeared in China 
shortly before Praeelaphus australorientalis dispersed 
into Western Eurasia.

Metacervocerus species from Europe and the In-
dian Subcontinent maintained a similarly primitive 
three-pointed antler construction, however, they de-
veloped adaptations to different ecological niches: 
European Metacervocerus (M. pardinensis, M. rhena-
nus) maintained initial eco-morphological adaptations 
(small body size, primitive and brachyodont dentition) 
of a forest browsing dweller until the extinction of this 
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lineage by the end of the Early Pleistocene. Metacer-
vocerus punjabiensis (= “Cervus” triplidens?) evolved 
into a larger cervid form with simple antlers (eco-mor-
phologically similar to the modern Rusa unicolor) and 
hypsodont dentition, probably occupying the ecologi-
cal niche of a large-sized savannah-woodland mixed 
feeder/grazer.

Three other Siwalik cervid species (Rucervus siv-
alensis, Rucervus simplicidens, and “Cervus” colberti), 
apparently represent a local evolution of Rucervus. This 
genus shares essentially the same bauplan of antler 
with Arvernoceros from the Pliocene and the Early 
Pleistocene of Western Eurasia (Croitor 2009, 2014). 
It is important to notice that Rucervus sivalensis also 
possesses a lingual cingulum in the upper molars as 
Arvernoceros ardei from the Early Villafranchian of 
France, thus suggesting a close relationship (possibly 
congeneric) between those two species. The lack of sat-
isfactory cranial material does not allow at the moment 
to synonymize Arvernoceros and Rucervus. The evolu-
tion of Siwalik Rucervus advanced in two directions 
and resulted in a smaller Rucervus simplicidens with 
a more specialized and high-crowned dentition and a 
larger “Cervus” colberti, which maintained a primi-
tive dentition and probably was a high-lever browser. A 
large-sized cervid similar to “Cervus” colberti possibly 
dispersed via the Anatolian or Caucasian way to South-
East Europe and stands at the basis of the lineage of 
Early Pleistocene Arvernoceros verestchagini reported 
from Greece and Moldova. Arvernoceros verestchagini 
was a very large (up to 700 kg) long-limbed high-level 
browser with rather simple antlers, which was ecologi-
cally more or less similar to modern giraffes (Croitor 
& kostoPoulos 2004).

It seems that the capacity for dispersal in Cervidae 
represents a certain evolutionary advantage related to 
the general eco-evolutionary specialization of a spe-
cies. The Eurasian palaeontological record (see bibi & 
metais 2016 for an overview) shows that Moschidae 
is another ruminant family that failed to overcome 
the Alpine-Himalayan Mountain Belt. According to 
flerov (1952), the modern Asian fauna contains three 
species of a single genus Moschus that dispersed north-
east from the Himalayan Mountain Belt. Taking into 
account the fact that Moschidae were always only rep-
resented by rather small-sized (up to 15 kg in modern 
species: flerov 1952) cryptic antlerless forest dwellers, 
it may be a helpful key in understanding the signifi-
cance of body mass in cervid success in colonizing the 
vast areas of the Indian Subcontinent, which remained 
inaccessible to moschids.

The higher dispersal capacities in larger cervids is 
conditioned not only by the ability to overcome larger 
distances, but also by the larger home range and the 
higher ecological flexibility due to the increased range 
of diet including the low quality forage (mysterud 
1998). Of course, the large body size itself does not 
represent a sufficient condition enabling dispersal ca-
pacities in cervids, however, it opens a new adaptive 
zone for them. The possible correlation between body 
size and dispersal capacity in cervids suggests that the 
body size structure of herbivore guilds in faunas that 
resulted from dispersal events is also influenced by a 
certain body mass threshold that enhances the dispersal 
capacities of species and not necessarily reflects all 
available ecological niches.

The increased dispersal capacity of Early Pliocene 
Cervinae permitted not only to overcome immense 
distances until Western Eurasia, but also to pass the 
Himalayan Mountain Belt and to colonize the tropi-
cal areas of the Indian Subcontinent, which before 
were inaccessible to small-sized cervids. Muntiacus 
muntjak, the smallest deer of the Indian Subcontinent, 
represents a curious exception that needs some com-
ments. Although the earliest representative of the ge-
nus, Muntiacus leilaoensis, is known already from the 
Late Miocene (ca. 7-9 Ma) of South-East China (dong 
et al. 2004), the dispersal of Muntiacus into the Indian 
Subcontinent seems to be a very late event dating back 
to the late Middle Pleistocene (MIS6), although a gap 
exists in the Indian palaeontological record between 
the Early Pleistocene of the Siwalik Hills and the late 
Middle Pleistocene of the Billasurgam cave complex 
(Southern India) where the earliest well-dated remains 
of muntjacs were discovered (roberts et al. 2014). 
biswas & sonakia (2001) also reported Muntiacus cf. 
muntjak from Middle Pleistocene deposits of the Nad-
mada River, Central India. Apparently, the explanation 
of late dispersal of Muntiacus into the Indian Subconti-
nent should be sought in the palaeogeography of South-
east Asia. Himalayan Mountains represent an obvious 
geographic obstacle for tiny tropical cervids. Nonethe-
less, although not so evident, the north-south extending 
Indo-Burmese Ranges (1500-4000 m) also represent an 
unavoidable obstacle for tropical forest dwellers. The 
Indo-Burmese Ranges impede the passage of humid 
summer monsoonal winds from the southwest into cen-
tral Myanmar, producing arid conditions in this area 
(bibi & metais 2016). At present, central Myanmar is 
a semi-arid zone with an annual precipitation of 600-
1000 mm and a mean annual temperature of around 30 
°C (bender 1983). In contrast, the western and southern 
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parts of Myanmar receive 3000-4000 mm of rainfall 
annually and are covered with tropical rainforests. At 
their northern extent, the Indo-Burman Ranges are con-
tinuous with the Himalayan-Tibetan Plateau, thus clos-
ing the access to the Indian Subcontinent from the East. 
Apparently, the dispersal of Muntiacus into the Indian 
Subcontinent was possible during the glacial episodes 
that caused the sea level drop and the emergence of 
Sundaland, which was an easier path for Muntiacus dis-
persal, since it permitted to bypass the Indo-Burmese 
Ranges from the south.

5. Conclusions

Praeelaphus australorientalis sp. nov. is the earliest 
small-sized deer of the subfamily Cervinae recorded in 
Western Eurasia. The new species is characterized by 
advanced four-tined antlers with blade-like extensions 
of the distal part, relatively long and little divergent 
pedicles with narrow frontal bones, which represent 
an ancestral morphological condition, and a relatively 
short and broad braincase that is regarded here as an 
advanced character. The post-glenoid foramen is closed 
from the medial side by the bony bridge of squamosal 
bone, thus confirming the attribution of Praeelaphus 
australorientalis sp. nov. to the subfamily Cervinae. 
The broadened pharyngeal tuberosities basioccipitale 
at (U-shaped of “bell-shaped”) suggests that this deer 
is quite distant from the Cervus elaphus phylogenetical 
stock and belongs to an earlier evolutionary radiation of 
plesiometacarpal deer represented today by the genera 
Axis and Rucervus. The attribution of the new species 
to the genus Praeelaphus is supported by the general 
antler bauplan and the presence of a specific blade-like 
flattening in the distal portion of the antler beam.

The comparative study of the earliest European 
Cervinae with the deer fauna from the Siwalik Hills 
revealed counterpart cervid species (Metacervocerus 
pardinensis and M. punjabiensis, respectively) and gen-
era (Arvernoceros and Rucervus, respectively) suggest-
ing that the cervid dispersal events in Western Eurasia 
and Indian Subcontinent follows the same evolution-
ary advancements in Cervinae. Those evolutionary 
advancements ensured the higher dispersal capacities 
permitting to overcome the large distances (in the case 
of Western Eurasia) and mountain obstacles (in the case 
of the Indian Subcontinent). The similar body size (ca. 
60 kg) of the first smallest plesiometacarpal deer in 
Europe Praeelaphus australorientalis and the small-
est cervid from Siwalik Hills “Cervus” rewati possibly 

indicates the body size threshold enabling the higher 
dispersal capacities within the subfamily Cervinae. The 
higher dispersal capacities in large-sized cervids are 
related to larger home range and ecological opportu-
nistic flexibility due to the increased dietary range in-
cluding low quality fibrous forage. Muntiacus muntjak 
represents a single exception as a small-sized cervid 
in the modern fauna of the Indian Subcontinent. The 
most plausible explanation is that Muntiacus muntjak 
dispersed into the Indian Subcontinent via Sundaland 
that emerged during the Middle Pleistocene glaciations.
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